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) N Attorney Docket Number | P63565US-C1-C1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

u Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ -] [pLENN )A GLASS | E
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City ‘ Portland State/Province | OR Country of Residencé | US

Mailing Address of Inventor:

Address 1 6009 NW 124th Avenue

Address 2

City | Forlland | State/Province | )OR
Postal Code | lp7229 | Countryi | lus

Remove
Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| [7] pnano 5. MURTHY | [
Residence Information (Select One) (8 US Residency Non US Residency Active US Military Service

City ‘ Portland State/Province | PR | Country of Residencd | S

Mailing Address of Inventor:

Address 1 0934 NW Lucerne Court

Address 2

City | Foﬂland I State/Province | )OR

Postal Code | |97229 ‘ Countryi | |US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| [ anie | [HANI e
Residence Information (Select One) () US Residency Non US Residency Active US Military Service
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Attorney Docket Number | P63565US-C1-C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

City | Poriland State/Province | OR Country of Residencd | s

Mailing Address of Inventor:

Address 1 4191 NW Stonebridge Drive

Address 2

City | Foﬂland I State/Province | ’OR
Postal Code | lp7229 | Countryi | lus

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| [ fme | PANG | O
Residence Information (Select One) (8 US Residency Non US Residency Active US Military Service

City ‘ Portland State/Province | OR Country of Residencd s

Mailing Address of Inventor:

Address 1 H556 NW 135th Ave

Address 2

City | Foﬂland | State/Province | ’OR

Postal Code | |97229 ‘ Countryi | |US

Inventor |5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| [ s 3 MISTKAWI e
Residence Information (Select One) (#) US Residency Non US Residency Active US Military Service

City ‘ Keizer State/Province | OR Country of Residencé | US

Mailing Address of Inventor:

Address 1 6033 Lopez CT. N.

Address 2

City | l(eizer I State/Province | )OR
Postal Code | |97303 ‘ Countryi | |US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.
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Attorney Docket Number | P63565US-C1-C1

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Customer Number D9256

Email Address docketing@finchmaloney.com Add Email | |[Remove Email

Application Information:

Title of the Invention TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Attorney Docket Number| P63565US-C1-C1 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 14 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
|-
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an applicaticon filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ¢ Customer Number US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number DO256
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. . Attorney Docket Number | P63565US-C1-C1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.
Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of ~] 15860292 2018-01-02
Prior Application Status | Patented - Remove
Application L Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | \vyyy Mm-DD)
15860292 [continuation of ] 15116453 P016-08-03 b859424 p018-01-02
Prior Application Status | Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
15116453 B 371 of international ~] PCT/US2014/031486 2014-03-21
Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)1).

Remove
Application Number Countryi Filing Date (YYYY-MM-DD}) Access Codei (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications
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. . Attorney Docket Number | P63565US-C1-C1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date cn or after March
18, 2013, will be examined under the first inventor to file provisions of the AlA.
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Attorney Docket Number | P63565US-C1-C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’'s Republic of
China (SIPO), the World Intellectual Property Organization (WIPQO), and any other foreign intellectual property office
participating with the USPTO in a hilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h})

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and infermation identified in subsection 1A above.

B. Applicant DOES NOT authcrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | P63565US-C1-C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sulfficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Jeint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

N

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name NTEL CORPORATION

Mailing Address Information For Applicant:

Address 1 P200 Mission College Boulevard
Address 2
City Banta Clara State/Province CA
Countrf | 1JS Postal Code 95054
Phone Number Fax Number
Email Address docketing@finchmaloney.com
Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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. . Attorney Docket Number | P63565US-C1-C1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Assignee |1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name 'NTEL CORPORATION
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 P200 Mission College Boulevard
Address 2
City Banta Clara I State/Province CA
Countryi S I Postal Code 05054
Phone Number | Fax Number
Email Address docketing@finchmaloney.com
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button. Add

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be sighed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or assaociation). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTC/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Neil F. Maloney/ Date (YYYY-MM-DD)| 2018-11-26
First Name | Neil F. Last Name | Maloney Registration Number | 42,833
Additional Signature may be generated within this form by selecting the Add button. Add

EFS Web 2.2.13

Page 8 of 277



PTO/AIA/14 (02-18)
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Attorney Docket Number

P63565US-C1-C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35U.8.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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.
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Privacy Act Statement

1

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general autherity for the collection of this information
is 35 U.S.C. 2(b){2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.5. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermaticn Act (5 U.S.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

A record related tc an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 US.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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SheetNo, .. L. ..

Box No. VIII(iv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of Amerien)
The declaration st conform to the following standardized wording provided for in Section 214: see Notes to Boxes Nos. VI, VHI (i} to (1)
tin general) and the specific Notes to Box No VI (v, I this Box fs not wsed, this sheet should not be included i the request.

Declaration of inventorship (Rules 4.170v) und 331676 3(3){(iv))
for the purposes of the designation of the United States of America:

T hereby declare that I believe T am the original inventor ovan original joint fnventor of y claimed invention i the application,
This declaration is directed to the international application of which it forms a part (if filing declaration with application).

US2014/31486

This declaration isdirected to international application No, PCT/ YR2EN IR0 L (if fornishing declaration pursuant
to Rude 267er).

T hereby declare that the above-identified international application was made or autharized to be made by me.

I hereby acknowledge that apy willful false statement made in this declavation is punishable wnder 18 U.5.C. 1003 by fine or
imprisonment of not more than five (§) years, or both.

Portland, OR 97228 . ............. e d e e e e e e
.Uniimstate SOFAMBHGA, -« - - i v e e e i e e
& - f;; fﬂ“{:\; ;!‘I ™ : {;

Inventor's Signatder . dGERvse A FEITee  Dater L G S B U

IR fes - ;
{The signatwre must be that of the: inventor, not that'of the agent)

Portland, OR

Restdenseer .
{eity and either US

Maibing Address: T L T T b e e e e e
Portland, OR 87229 e RPN
United $fates O AMEHIGa. £ ... i
-\\4:: Y PN i

L At Sd 3 R T i}
[aventor’s Signature: . ..\, 3.\?/m\4§ O \:_(ﬁ S Dates. ... ... 04 g") % g.t."f .........................

(The signature must be that of the inventor, not that of the'agent) !
Name: SR Ghani et b ah et U ;

{city and either US state, if applicable, or comntry}

14191 NW Stonebridge Drive

Matking Addressy L T T i s

United States of America. ... .. ... ..o F AR h e
R S - s . by 188
. Sala i U R
Inventor’s Signatare: . .. ... \(iﬁf\? i e i PO Date oo, P f AR S E, .......................
(The signature must be that of te-lsventor, not that of the agent) ! }
X This declaration is continusd ou the following sheet, “Continuation of Box No. VI (iv)™,
Form PCT/RO/10T {decluration sheet {iv)) (16 September 2012) See Notes tothe request form
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Sheet No. ..2 ...

Box No, VIH (ivi DECLARATION: INVENTORSHIP {oaly for the pusposes of the designation of the Untted States of America)

The declaration must conform tothe following stondardized vording provided for in Section 214, see Notes to Boxes Nos. FIIL VI (i) to )
fin general) and the specific Nows to Box No VI (iv). If this Box is not nsé o, this sheet showld votbe included in the request.

Declaration of inventorship (Rules 4.17(kv) und S1bis.1(x)(v))
for the purpoeses of the designation of the United States of America:

T hereby deckare that T heleve T am the original inventor ot an original joint inventor of w ¢laimed invention in the application.
This dectavation is directed to the international application of which it forms a part (if filing declaration with apphication).

U82014/31486

Thiy declaration is directed to intemational application No, PCT/ YSEX IR Y o Gf furnishing declaration pursuant
to Rule 26tar).

1 hereby declare that the above-identified international applivation was made-or authorized to be made by me.

T hereby acknowledge that any willful filse statement made in this declatation is punishable wader 18 US.C. 1001 by fine or
imprisonment of notinore than five {(5) years, or both.

{kl he si gmfur mu«t bc, that th i xﬁyfaﬁmr Hot ;I:::}ﬁthe agent)

Keizer, OR

FE Ty 1eT S O P
(city and cither US state, if applicable, or country)

6033 Lopez Ct. N.

Matling Address: o T e e e e

g,,«v s B

i *:\w"‘ R‘A",::'Qno\ - Date:
IR T3 P [P T
1 1 S O PR R P
(city and either US state, iWapplicable, or country)
AR AGUIOSST . o L o s e e e e s e e b e e e e
Toventors SISOAMANES .o oLt i e i e s R R DR NN

(The signature wust be that of the mvmtor, not that of the agenty

E} This declaration 35 continued on the following sheet, “Continuation of Box No. VHI (iv)™

Form PCT/ROA0T {declaration sheet {1v)) (16 September 2012) See Notes to the vequest form
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TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

RELATED APPLICATIONS
[0001] This patent application is a continuation of U.S. Application No. 15/860,292 filed
January 2, 2018, which is a continuation of 15/116,453 filed August 3, 2016, now U.S. Patent
No. 9,859,424, which is a U.S. National Stage Application of International Application No.
PCT/US2014/031486 filed March 21, 2014, all of which are herein incorporated by reference in

their entirety.

BACKGROUND

[0002] Increased performance of circuit devices including transistors, diodes, resistors,
capacitors, and other passive and active electronic devices formed on a semiconductor substrate
is typically a major factor considered during design, manufacture, and operation of those devices.
For example, during design and manufacture or forming of metal-oxide-semiconductor (MOS)
transistor devices, such as those used in complementary metal-oxide-semiconductor (CMOS)
devices, it is often desired to minimize resistance associated with source/drain regions and
contacts, otherwise known as components of external resistance. Decreasing external resistance

enables improved transistor current for a given source to drain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 is a method of forming a transistor using a sacrificial silicon germanium
(SiGe) layer and including a germanium (Ge)-rich source/drain contact layer deposited on a
silicon (Si) surface, in accordance with one or more embodiments of the present disclosure.
[0004] Figure 1' is a method of forming a transistor using a functional SiGe layer and
including a Ge-rich source/drain contact layer deposited on a Si surface, in accordance with one
or more embodiments of the present disclosure.

[0005] Figures 2A-H' illustrate example structures that are formed when carrying out the
method of either of Figures 1 or 1' for planar or non-planar transistor architecture, in accordance

with various embodiments.
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[0006] Figures 3A-J' illustrate example structures that are formed when carrying out the
method of either of Figures 1 or 1' for non-planar (e.g., finned) transistor architecture, in
accordance with various embodiments.

[0007] Figure 4 shows a perspective view of a nanowire/nanoribbon transistor structure formed
when carrying out the method of Figure 1, in accordance with an embodiment.

[0008] Figure 4' shows a perspective view of a nanowire/nanoribbon transistor structure
formed when carrying out the method of Figure 1', in accordance with an embodiment.

[0009] Figure 5 illustrates a computing system implemented with one or more transistor

structures in accordance with one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

[0010] Techniques are disclosed for improved integration of germanium (Ge)-rich p-MOS
source/drain contacts to, for example, reduce contact resistance. The techniques include
depositing the p-type Ge-rich layer directly on a silicon (Si) surface in the contact trench
location, because Si surfaces are favorable for deposition of high quality conductive Ge-rich
materials. In one example method, the Ge-rich layer is deposited on a surface of the Si substrate
in the source/drain contact trench locations, after removing a sacrificial silicon germanium
(SiGe) layer previously deposited in the source/drain locations. In another example method, the
Ge-rich layer is deposited on a Si cladding layer in the contact trench locations, where the Si
cladding layer is deposited on a functional p-type SiGe layer. In some cases, the Ge-rich layer
comprises at least 50% Ge (and may contain tin (Sn) and/or Si) and is boron (B) doped at levels
above 1E20 cm™. Numerous transistor configurations and suitable fabrication processes will be
apparent in light of this disclosure, including both planar and non-planar transistor structures
(e.g., finned and nanowire/nanoribbon configurations). The techniques are particularly well-
suited for implementing p-type MOS (p-MOS) devices, although other transistor configurations
may benefit as well, such as complementary MOS (CMOS) devices. Numerous configurations

and variations will be apparent in light of this disclosure.

General Overview

[0011] As previously explained, increased drive current in transistors can generally be
achieved by reducing external resistance, such as contact resistance. In some cases, contact
resistance can be reduced for p-type MOS (p-MOS) transistors by using a germanium (Ge)-rich

material as an effective ohmic contact material. However, issues can arise in preserving the Ge-
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rich material through the MOS fabrication process flow if it is deposited at the source/drain
location. For example, the Ge-rich material may be susceptible to erosion and unintentional
removal in the etch, ash, and anneal associated with contact loop processing. Issues can also
arise in obtaining good quality deposition (e.g., as judged by film conductivity) of the Ge-rich
material when the material is deposited in the contact trench location. For example, the surface
in the contact trench location that the Ge-rich material is being deposited on may be ‘dirty’ (e.g.,
as a result of contact loop processing) and/or difficult to clean. If Ge-rich materials are deposited
on ‘dirty’ surfaces, then the result may produce poor crystal quality in the sense of amorphous
atomic arrangement in local regions or in entirety. Poor crystallinity results in poor dopant
activation and high contact resistance.

[0012] Thus, and in accordance with one or more embodiments of the present disclosure,
techniques are disclosed for improved integration of Ge-rich p-MOS source/drain contacts to, for
example, reduce contact resistance. As previously described, Ge-rich material can be used as an
effective ohmic contact material; however, issues can arise with preserving the Ge-rich layer if it
is deposited too early in the process flow (e.g., during source/drain processing prior to contact
loop processing) or obtaining a good quality deposition for the Ge-rich layer if it is deposited
later in the process flow (e.g., due to the ‘dirty’ and/or difficult to clean surface it is being
deposited on). Therefore, the techniques variously described herein include depositing the Ge-
rich layer directly on a silicon (Si) surface in the contact trench location, due to Si having the
property that it is easier to achieve epitaxial quality clean surfaces (e.g., as compared to silicon
germanium (SiGe), which is typically used for the p-MOS source and drain). Note that the Ge-
rich layer as variously described herein is to be used for p-MOS source/drain contacts and is
therefore a p-type layer, meaning it has p-type doping (e.g., using boron (B), gallium (Ga),
and/or any other suitable dopant).

[0013] As will be apparent in light of this disclosure, depositing the Ge-rich layer directly on a
clean Si surface is generally achieved using one of two methods: 1) depositing the Ge-rich layer
on a surface of the Si substrate in the contact trench locations, after removing a sacrificial SiGe
layer or 2) depositing the Ge-rich layer on a Si cladding layer in the contact trench locations,
where the Si cladding layer is deposited on a functional p-type SiGe layer. Note that in both of
these methods, a SiGe layer (whether sacrificial or functional) is deposited in the source/drain
locations prior to contact loop processing. Also note that, in embodiments of the first method,

the SiGe layer is a sacrificial layer, while in embodiments of the second method, the SiGe layer
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is a functional layer, as will be discussed in more detail herein. Further note that although the
SiGe layer is referred to as sacrificial in some instances, it may be p-type doped and therefore
capable of being functional; however, the SiGe layer is referred to as sacrificial because it is
intended to be removed during the processing of p-contacts, as will be apparent in light of this
disclosure.

[0014] In embodiments where the SiGe layer is sacrificial, the SiGe layer may comprise 15-
30% Ge, in some cases. Although, in some instances, the sacrificial layer may range from 10%
Ge to pure Ge. Further, the sacrificial SiGe layer may also be undoped, in some cases.
Although, in other cases, the sacrificial layer may have some amount of p-type doping. In some
embodiments, the sacrificial SiGe layer is removed using a SiGe etch that is selective to Si and
insulator materials. Such selective etches may include, for example, wet etches including water,
nitric acid, organic acid (e.g., acetic or citric), and/or hydrofluoric acid, and the selective etches
may have a usable etch rate of about 300A/min, for example.

[0015] In embodiments where the SiGe layer is functional, the SiGe layer may comprise 30-
70% Ge, in some cases (e.g., to maximize strain for performance reasons). Further, in such
embodiments, the functional SiGe layer is p-type doped (e.g., B doped). In embodiments where
the SiGe layer is functional, a Si cladding layer can be deposited on the functional SiGe layer
before contact loop processing. Then, during contact trench processing, the contact trench etch
can be performed in a manner such that the Si cladding layer is preserved for subsequent
deposition of the Ge-rich layer. In such cases, an etch stop layer (e.g., nitride, carbide, or some
other suitable material having a sufficiently different etch rate compared to the oxide/insulator
material above it) can be used to assist with preserving the Si cladding layer during contact
trench etch, as will be discussed in more detail herein.

[0016] In some embodiments, the Ge-rich layer material may comprise at least 50% Ge (up to
100% Ge), and may also include Si and tin (Sn). For example, in some cases, the Ge-rich
material may be SiGe, having Ge in the range of 50-99%. In other cases, the Ge-rich material
may be germanium tin (GeSn), with up to 15% Sn, and may, in some instances, contain trace
levels of Si (e.g., <5%). Recall that the Ge-rich layer is a p-type layer and therefore is p-type
doped (e.g., B doped). In some cases, the p-type Ge-rich layer may be B doped at levels around
2E20 cm™. Although, in some instances, the p-type Ge-rich layer may be B doped at levels

above 5E19 ¢m™ 3

and up to SE21 cm™. In some embodiments, depositing the Ge-rich layer

2

includes processing with maximum temperatures of 550 or 500 degrees C, for example.
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[0017] The techniques as variously described herein can be used to form transistor devices in
any number of devices and systems. In some embodiments, such as CMOS devices having both
n-type MOS (n-MOS) and p-MOS transistors, n-type regions may be present. In such cases
where n-type regions are also present, the contacts can be patterned so as to open the p-contacts
separately from the n-contacts. This can also offer the benefit that when the n-contacts are
independently opened, an n-type specific metal may be used for contact resistance lowering
reasons. Further, additional benefit may be received as a result of the p and n-contact metals not
having to be shared, as in conventional contact processing. In other embodiments, selectivity
may include natural selectivity. For instance, while the p-type Ge-rich layer grows on Si
surfaces, it does not grow on insulator surfaces such as silicon dioxide (SiO3) or silicon nitride
(SiN); nor does it grow on, for instance, exposed heavily phosphorous doped silicon in n-type
regions.

[0018] The techniques provided herein can be employed to improve device resistance in any
number of transistor structures and configurations, including planar, flush or raised source/drain,
non-planar (e.g., nanowire transistors and finned transistors such as double-gate and tri-gate
transistor structures), as well as strained and unstrained channel structures. The source/drain
areas can be recessed (e.g., using an etch process) or not recessed (e.g., formed on top surface of
substrate). In addition, the transistor devices may optionally include source and drain tip regions
that are designed, for instance, to decrease the overall resistance of the transistor while
improving short channel effects (SCE), but such tip regions are not required. The transistor
devices may further include any number of gate configurations, such as poly gates, high-k
dielectric metal gates, replacement metal gate (RMG) process gates, or any other gate structure.
Any number of structural features can be used in conjunction with low resistance transistor
techniques as described herein.

[0019] Upon analysis (e.g., using scanning/transmission electron microscopy (SEM/TEM)
and/or composition mapping), a structure configured in accordance with one or more
embodiments will effectively show contact regions including a Ge-rich layer deposited on a Si
surface (e.g., a surface of the Si substrate or a surface of a Si cladding layer). In addition, such
structures when on an integrated circuit can be compared to source/drain regions on the
integrated circuit that do not have contacts. In such contact-less source/drain regions (e.g.,
source/drain regions that were not opened during contact trench etch for contact processing), a

SiGe layer may be present in the source/drain locations as variously described herein. For

P63565US-C1-C1 5

Page 31 of 277



example, in cases where the SiGe layer was intended to be sacrificial for subsequent contact
processing, the SiGe layer may comprise 15-30% Ge and may be undoped. In cases where the
SiGe layer was intended to be functional for subsequent contact processing, the SiGe layer may
comprise 30-70% Ge and be p-type doped (e.g., B doped). In addition, in such cases, the SiGe
layer may include a Si cladding layer. Also, in some cases, transistors fabricated using the
techniques variously described herein can provide an improvement over conventional structures
with respect to, at least, a reduction in contact resistance (e.g., resulting in a 20-30% current flow
improvement for a given operating voltage). Further, the cleanliness of the interface between the
Ge-rich layer and the Si surface the Ge-rich layer is directly deposited on (e.g., as compared to
the interface between a Ge-rich layer and a SiGe surface) can be detected by secondary ion mass
spectrometry (SIMS) or by ion probe, for example. Numerous configurations and variations will

be apparent in light of this disclosure.

Architecture and Methodology

[0020] Figures 1 and 1' are methods of forming a transistor including a Ge-rich source/drain
contact layer deposited on Si, in accordance with one or more embodiments of the present
disclosure. Figures 2A-H' illustrate example structures that are formed when carrying out the
method of either of Figures 1 or 1' for planar or non-planar transistor architecture, in accordance
with various embodiments. As will be apparent in light of the present disclosure, for non-planar
transistor architectures, such as finned architectures (e.g., tri-gate or finFET), Figures 2A-H' may
illustrate a cross-sectional view taken along the length of the semiconductor fin. The example
methods shown in Figures 1 and 1' include forming one or more gate stacks on a semiconductor
substrate upon which one or more transistor devices (e.g., MOS devices) may be formed, the
gate stacks being formed above channel regions and having source/drain regions adjacent to the
channel region. The MOS devices may comprise, for example, p-MOS transistors, or both n-
MOS and p-MOS transistors (e.g., for CMOS devices).

[0021] Figure 1 shows a method of forming a transistor including a Ge-rich source/drain layer
deposited on a surface of the Si substrate after removing a sacrificial SiGe layer after performing
contact trench etch, in accordance with some embodiments. Figure 1' shows a method of
forming a transistor including a Ge-rich source/drain layer deposited on a Si cladding layer after
contact trench etch, where the Si cladding layer is deposited on a functional p-type SiGe layer, in
accordance with some embodiments. Therefore, in some embodiments, a SiGe layer will be

deposited in the source/drain regions as a sacrificial layer, while in other embodiments, the SiGe
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layer will be deposited in the source/drain regions as a functional layer. The properties of the
SiGe layer (e.g., % Ge, doping amount, etc.) may depend upon whether the SiGe layer is to be
used as a sacrificial layer (e.g., as is the case in the method of Figure 1) or as a functional
source/drain layer (e.g., as is the case in the method of Figure 1'), as will be apparent in light of
this disclosure.

[0022] As can be seen in Figures 1 and 1', the example methods include performing 102
shallow trench isolation (STI) on a semiconductor substrate. The substrate may be formed using
a silicon base or substrate, such as a silicon single crystal wafer. Substrate may be implemented,
for example, with a bulk silicon, a silicon-on-insulator configuration (SOI), or with multi-layered
structures, including those substrates upon which single composition fins or multilayers with
different composition for fabricating nanowires/nanoribbons are formed prior to a subsequent
gate patterning process. In other implementations, the semiconductor substrate may be formed
using alternate materials, which may or may not be combined with silicon, such as germanium.
In a more general sense, any material that may serve as a foundation upon which a
semiconductor device may be built can be used in accordance with embodiments of the present
disclosure. The STI process may include patterning the diffusion regions, etching STI trenches,
depositing an insulative or oxide or inter-layer dielectric (ILD) material, and polishing the
deposited STI material. In some cases, such as for non-planar architectures, the STI process may
also include recessing the STI material. In some cases, such as for planar architectures, the plane
of the diffusion region may be nominally planar with the top of the STI (e.g., within
approximately 10 nm). In the case of non-planar architectures, such as those used for finned or
nanowire/nanoribbon transistor devices, the STI locations may be where the diffusion is defined
as narrow structures that are then made to exude out of the plane of the STI material (e.g., the
level of the diffusion is 10 nm or more above the level of the top STI plane). Note that in other
embodiments, another suitable form of isolation (other than STI) may be used to separate the
diffusion regions on the semiconductor substrate.

[0023] The methods of Figures 1 and 1' continue with forming 104 gates or gate stacks on the
semiconductor substrate. The gates or gate stacks can be formed as conventionally done or using
any suitable custom techniques. In some embodiments, the gate stack may be formed by
depositing and then patterning a gate dielectric layer and a gate electrode layer. For example, a
gate dielectric layer may be blanket deposited onto the substrate using conventional deposition

processes such as chemical vapor deposition (CVD), atomic layer deposition (ALD), spin-on
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deposition (SOD), or physical vapor deposition (PVD). Alternate deposition techniques may be
used as well, such as thermally growing the gate dielectric layer, for example. The gate
dielectric material may be formed, for example, from materials such as silicon dioxide or high-k
dielectric materials. Examples of high-k gate dielectric materials include, for example, hafnium
oxide, hafnium silicon oxide, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide,
zirconium silicon oxide, tantalum oxide, titanium oxide, barium strontium titanium oxide,
barium titanium oxide, strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium
tantalum oxide, and lead zinc niobate. In some example embodiments, the dummy or high-k
gate dielectric layer may be between around 5 A to around 200 A thick (e.g., 20 A to 50 A). In
general, the thickness of the gate dielectric layer should be sufficient to electrically isolate the
gate electrode from the neighboring source and drain contacts. In further embodiments,
additional processing may be performed on the high-k gate dielectric layer, such as an annealing
process to improve the quality of the high-k material.

[0024] A gate electrode material may then be deposited on the gate dielectric layer using
similar deposition techniques as described above, such as ALD, CVD, or PVD. In some such
specific embodiments, the gate electrode material may be polysilicon or a metal layer, although
other suitable gate electrode materials can be used as well. The gate electrode material, which
can be a sacrificial or dummy material that is later removed for a replacement gate process, such
as a replacement metal gate (RMG) process, can have a thickness in the range of 50A to S00A
(e.g., 100A), in some example embodiments. The RMG process will be discussed in more detail
below. Use of gate first/gate last, RMG, or conventional SiOz/poly gate are all compatible with
this disclosure.

[0025] The methods of Figures 1 and 1' continue with etching 106 the source/drain regions of
the transistor structure to form source/drain cavities. Etching 106 to form source/drain cavities
can be performed as conventionally done or using any number of suitable processes. In some
example cases, this includes ion implantation to highly dope portions of the substrate adjacent to
the gate stack followed by annealing to drive the dopants further into the substrate to improve the
etch rate of the intended source/drain areas. A dry etch process can then be used to etch the
doped regions of the substrate to form source/drain cavities and, in some cases, respective tip
areas. After the dry etch process has completed, a wet etch may be used, for instance, to clean
and further etch the areas. Such wet etching (which can be carried out using conventional or

custom wet etch chemistries), can be used to remove contaminants such as carbon, fluorine,
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chlorofluorocarbons, and oxides such as silicon oxide to provide a clean surface upon which
subsequent processes may be carried out. In addition, and assuming a monocrystalline silicon
substrate, the wet etching may also be used to remove a thin portion of the substrate along the
<111> and <001> crystallographic planes to provide a smooth surface upon which a high quality
epitaxial deposition may occur. In some example cases, the thin portion of the substrate that is
etched away may be, for example, up to 5 nm thick and may also remove residual contaminants.
As will be appreciated, in some embodiments, the source/drain regions need not be recessed or
otherwise etched. In such cases, the source/drain materials can be formed on the semiconductor
substrate without any etching.

[0026] Figure 2A shows an example resulting structure after performing 102 STT on a substrate
200, forming 104 a gate stack over a channel region (the gate stack including gate dielectric layer
202, gate electrode layer 204, and optional hardmask 206), and etching 106 source/drain cavities
212/214, as variously described above. The optional gate hardmask layer 206 can be used to
provide certain benefits or uses during processing, such as protecting gate electrode 204 from
subsequent etch and/or ion implantation processes. Hardmask layer 206 may be formed using
typical hardmask materials, such as such as silicon dioxide, silicon nitride, and/or other
conventional insulator materials.

[0027] As can also be seen in Figure 2A, spacers 208 are formed adjacent to the gate stack and
source/drain cavities 212/214 include optional tip regions 212A/214A, respectively. Spacers 208
may be formed, for example, using conventional materials such as silicon oxide, silicon nitride,
or other suitable spacer materials. The width of spacers 208 may generally be chosen based on
design requirements for the transistor being formed. Source/drain cavities 212/214 effectively
define the location of the source/drain regions, in this example embodiment, and, as can be seen,
source/drain cavity tip regions 212A/214A undercut gate dielectric 302.

[0028] The method of Figure 1 continues with depositing 108 a sacrificial SiGe layer 218/220
in the source/drain cavities 212/214, respectively, to grow back the source/drain regions, as
shown in the resulting structure of Figure 2B, in accordance with an embodiment. Recall that in
the method of Figure 1, the SiGe layer is intended to be a sacrificial layer to be removed in
subsequent processing to expose a surface of the Si substrate, as will be discussed herein. In
embodiments where the SiGe layer is sacrificial, the SiGe layer may comprise 15-30% Ge, in

some cases. Although, in some instances, the sacrificial layer may range from 10% Ge to pure
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Ge. Further, the sacrificial SiGe layer may also be undoped, in some cases. Although, in other
cases, the sacrificial layer may have some amount of p-type doping.

[0029] In the method of Figure 1', the SiGe layer 218'/220" (deposited 108' in the source/drain
cavities 212/214, as shown in Figure 2B') is intended to be a functional source/drain layer. In
such embodiments, the functional SiGe layer may comprise 30-70% Ge, in some cases (e.g., to
maximize strain for performance reasons). Further, in such embodiments, the SiGe layer is p-
type doped (e.g., B doped), since it is a functional source/drain layer (as opposed to being a
sacrificial layer to be subsequently removed). For example, the B concentration can be in excess
of 1E20 cm™, or any other suitable concentration to allow SiGe layer 218'/220' to be a functional
layer for a p-MOS device. The method of Figure 1' continues with depositing 109 a Si cladding
layer on SiGe layer 218'/220' in the source/drain locations, to form the resulting example
structure shown in Figure 2B'".

[0030] Depositing 108, 108', and 109 can be carried out, for example, using selective epitaxial
deposition, although any suitable deposition process can be used. For example, depositing 108
and 109 may be carried out in a CVD reactor, an LPCVD reactor, or an ultra-high vacuum CVD
(UHVCVD). In some example cases, the reactor temperature may fall, for instance, between
600°C and 800°C and the reactor pressure may fall, for instance, between 1 and 760 Torr. The
carrier gas may include, for example, hydrogen or helium at a suitable flow rate, such as between
10 and 50 SLM. In some example cases, an etching agent may be added to increase the
selectivity of the deposition. For instance, HCI or Cl; may be added at a flow rate that ranges,
for example, between 50 and 300 SCCM. In cases of p-type doping (e.g., where SiGe layer
218'/220" is p-type doped), an in situ doping of boron, diluted B2Hs, may be used (e.g., the BoHg
may be diluted in H» at 1-20%). For instance, the diluted B2Hs may be used at a 3%
concentration and at a flow rate that ranges between 10 and 100 SCCM. In some cases, the
deposition may be a graded deposition based on concentration of materials and/or p-type dopant.
Various other suitable deposition techniques may be used as will be apparent in light of this
disclosure.

[0031] The methods of Figures 1 and 1' continue with depositing 110 an insulator layer 230
and then polishing/planarizing as commonly done to form the structure shown in Figure 2C.
Note that in the case of Figure 1', cladding layer 222 would be shown on top of functional SiGe
layers 218'/220". Insulator layer 230 may be formed using materials known for the applicability

in insulator layers for transistor and integrated circuit structures, such as low-k dielectric
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(insulator) materials. Such insulator materials include, for example, oxides such as silicon
dioxide (SiO;) and carbon doped oxide (CDO), silicon nitride, organic polymers such as
perfluorocyclobutane or polytetrafluoroethylene, fluorosilicate glass (FSG), and organosilicates
such as silsesquioxane, siloxane, or organosilicate glass. In some example configurations, the
insulator layer may include pores or other voids to further reduce its dielectric constant.

[0032] The methods of Figures 1 and 1' can optionally continue with removing and replacing
112 the gate stack using, for instance, an RMG process, to form the example resulting gate
structure shown in Figure 2D. In such optional cases, the method may include removing the gate
stack (including high-k gate dielectric layer 202, sacrificial/dummy gate electrode 204, and
hardmask layer 206) using an etching process as conventionally done. In alternate
implementations, only the sacrificial/dummy gate electrode 204 (and hardmask layer 206) is
removed. If gate dielectric 202 is removed, the method may include depositing a new gate
dielectric layer into the trench opening. Any suitable high-k dielectric materials such as those
previously described may be used here, such as hafnium oxide. The same deposition processes
may also be used. Replacement of gate dielectric 202 may be used, for example, to address any
damage that may have occurred to the original gate dielectric layer during application of the dry
and wet etch processes, and/or to replace a low-k or sacrificial dielectric material with a high-k
or otherwise desired gate dielectric material. The method may then continue with depositing the
metal gate electrode layer into the trench and over the gate dielectric layer. Conventional metal
deposition processes may be used to form the metal gate electrode layer, such as CVD, ALD,
PVD, electroless plating, or electroplating. The metal gate electrode layer may include, for
example, a p-type workfunction metal, such as ruthenium, palladium, platinum, cobalt, nickel,
and conductive metal oxides, e.g., ruthenium oxide. In some example configurations, two or
more metal gate electrode layers may be deposited. For instance, a workfunction metal may be
deposited followed by a suitable metal gate electrode fill metal such as aluminum. Figure 2D
illustrates an example high-k gate dielectric layer 203 and a metal gate electrode 205 that have
been deposited into the trench opening, in accordance with one embodiment. Note that such an
RMG process may be carried out at a different time in the method of Figures 1 and 1', if so
desired.

[0033] The methods of Figures 1 and 1' can optionally continue with masking-off 114 n-type
(e.g., n-MOS) source/drain regions (if present) as commonly done to allow contact patterning so

as to open the p-contacts separately from the n-contacts. In such cases, masking-off 114 the n-
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type regions protects them during subsequent processing of the p-contacts. This can also offer
the benefit that when the n-contacts are independently opened, an n-type specific metal may be
used for contact resistance lowering reasons. Further, additional benefit may be received as a
result of the p and n-contact metals not having to be linked, as in conventional contact
processing. Masking-off 114 can be used in structures intended for CMOS devices that have
both n-MOS and p-MOS transistors.

[0034] The method of Figure 1 continues with etching 116 to form source/drain contact
trenches 240 as shown in example resulting structure 2E. As can also be seen, SiGe layer
218/220 is re-exposed for additional processing as a result of performing contact trench etch 116.
Because SiGe layer 218/220 is sacrificial in the example method of Figure 1, any suitable dry
and/or wet etch processes can be used. Recall that in the optional case where n-contact regions
are masked-off 114, only p-type contact regions may be re-exposed during contact trench etch
116.

[0035] The method of Figure 1' continues with etching 116' to form source/drain contact
trenches 240' as shown in example resulting structure 2E'. As can also be seen, Si cladding layer
222 is re-exposed for additional processing as a result of performing contact trench etch 116'. In
this example method, the contact trench etch 116' may be performed so as to preserve Si
cladding layer 222 for subsequent deposition. In such cases, an etch stop layer may be used to
help preserve Si cladding layer 222 and the etch stop layer (which may be nitride, carbide, or any
other material with sufficiently different etch rates than insulator layer 230) can be deposited
prior to depositing 110 insulator layer 230. Thus, when performing contact trench etch 116' in
cases where an etch stop layer is used, a first etch can be performed to remove insulator layer
230 from the p-contact regions, but effectively stop at the etch stop layer, and then a second etch
can be performed to remove the etch stop layer, but effectively stop at Si cladding layer 222.
[0036] The method of Figure 1 continues with etching 117 to remove sacrificial SiGe layer
218/220 from the source/drain regions, to form the example resulting structure shown in Figure
2F. As can be seen in Figure 2F, the source/drain cavities 212/214 that are re-formed may be the
same cavities as, or similar to, the source/drain cavities shown in Figure 2A. SiGe layer 218/220
(which is a sacrificial layer, in this embodiment) can be removed using an etch 117 that is
selective to Si and insulator materials (e.g., it will effectively not remove Si or insulator
materials, or remove them at a much slower rate as compared to the rate at which SiGe layer

218/220 is removed). Such selective etches may include, for example, wet etches including
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water, nitric acid, organic acid (e.g., acetic or citric), and/or hydrofluoric acid, and the selective
etches may have a usable etch rate of about 300A/min, for example.

[0037] The methods of Figures 1 and 1' continue with depositing 118 a p-type Ge-rich material
in the source/drain regions on a Si surface. In the case of the method of Figure 1, the Ge-rich
layer 224/226 is deposited on a surface of Si substrate 200, as shown in the example resulting
structure of Figure 2G. In the case of the method of Figure 1', the Ge-rich layer 224'/226' is
deposited on a surface of Si cladding layer 222, as shown in the example resulting structure of
Figure 2G'. Depositing 118 may be performed as variously described herein (e.g., using the
techniques discussed with reference to depositing 108 and 109, or any other suitable deposition
technique). In some example cases, depositing 118 may be performed processing that includes
maximum temperatures of 550 or 500 degrees C, for example. In such cases, the processing
thermal budget constraints may be dependent on the metal gate material used for the gate
electrode during the optional RMG process described above. In some example cases, etching
117 to remove the sacrificial SiGe layer and depositing 118 the Ge-rich layer can be performed
in-situ or without air break.

[0038] In some embodiments, the Ge-rich layer material may be comprised of at least 50% Ge.
Therefore, the Ge-rich layer may be comprised of Ge in the range of 50-100%. In some
embodiments, the Ge-rich layer may include Si (e.g., SiGe) and may be comprised of Ge in the
range of 50-99%. In some embodiments, the Ge-rich material may include tin (Sn) (e.g., GeSn),
with up to 15% Sn. In some such embodiments, the Ge-rich material may also include trace
levels of Si (e.g., <5%). Recall that the Ge-rich layer is a p-type layer and therefore is p-type
doped (e.g., B doped). In some cases, the p-type Ge-rich layer may be B doped at levels around
2E20 cm™. Although, in some instances, the p-type Ge-rich layer may be B doped at levels
above 5SE19 cm™, and up to SE21 cm™, in some example cases.

[0039] The method of Figures 1 and 1' can then continue with depositing 120 source/drain
metal contact plugs 250, resulting in the example structures shown in Figures 2H and 2H'. The
source/drain metal contact plugs 250 may, in some embodiments, include aluminum or tungsten,
although any suitably conductive contact metal or alloy can be used, such as silver, nickel-
platinum or nickel-aluminum or other alloys of nickel and aluminum, or titanium, using
conventional deposition processes. Metalization of the source/drain contacts can be carried out,
for example, using a germanidation process (generally, deposition of contact metal and

subsequent annealing). For instance, germanidation with nickel, aluminum, nickel-platinum or
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nickel-aluminum or other alloys of nickel and aluminum, or titanium with or without germanium
pre-amorphization implants can be used to form a low resistance germanide. The Ge-rich layers
can allow for metal-germanide formation (e.g., nickel-germanium), as will be apparent in light of
this disclosure.

[0040] The germanidation process can also allow for significantly lower Schottky-barrier
height and improved contact resistance over that in conventional metal-silicide systems. For
instance, conventional transistors typically use a source/drain SiGe epi process, with Ge
concentration in the range of 30-40%. Such conventional systems exhibit external resistance
values of about 140 Ohm-um, limited by epi/silicide interfacial resistance, which is high and may
impede future gate pitch scaling. Some embodiments of the present disclosure allow for a
significant improvement in external resistance in p-MOS devices (e.g., resulting in a 20-30%
current flow improvement for a given operating voltage), which can better support p-MOS
device scaling. Thus, transistors having source/drain regions including a Ge-rich layer deposited
directly on a Si surface as variously described herein, can exhibit relatively lower external

resistance values (e.g., lower contact resistance) compared to conventional transistors.

Non-Planar Configuration

[0041] A non-planar architecture can be implemented, for instance, using finned or
nanowire/nanoribbon configurations. A finned transistor is built around a thin strip of
semiconductor material (generally referred to as the fin). The transistor includes the standard
field effect transistor (FET) nodes, including a gate, a gate dielectric, a source region, and a drain
region. The conductive channel of the device resides on/within the outer sides of the fin beneath
the gate dielectric. Specifically, current runs along both sidewalls of the fin (sides perpendicular
to the substrate surface) as well as along the top of the fin (side parallel to the substrate surface).
Because the conductive channel of such configurations essentially resides along the three
different outer, planar regions of the fin, such finned designs are sometimes referred to as tri-gate
or finFET configurations. Other types of finned configurations are also available, such as so-
called double-gate finFETs, in which the conductive channel principally resides only along the
two sidewalls of the fin (and not along the top of the fin).

[0042] The methods of Figures 1 and 1' can be applied to non-planar transistor architectures.
Figures 3A-3J' illustrate example structures that are formed as those methods (of Figure 1 and 1')
are carried out for a non-planar transistor architecture, in accordance with some embodiments of

the present disclosure. The previous discussion above with respect to Figures 1-1' and 2A-H' is
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equally applicable here, as will be appreciated. Similar numbering is used to identify the
features in Figures 3A-3J' as was used in Figures 2A-H', except that Figures 3A-3J' include
numbering in the 300s, whereas Figures 2A-H' include numbering in the 200s (e.g., substrate 200
is similar to substrate 300, gate electrode 204 is similar to gate electrode 304, etc.) for ease of
description. As can be seen in Figure 3A, the non-planar configuration shown is implemented
with a finned structure, which includes substrate 300 and fin 310 extending from the substrate
through STI/isolation layer 301.

[0043] Figure 3A shows a resulting structure after performing 102 STI on substrate 300, which
in this example case, included recessing the STI material to form fin 310. Figure 3B shows the
structure of Figure 3A after forming 104 the gate stack (including dummy gate electrode 304 and
an optional dummy gate dielectric), which in this example embodiment is a dummy/sacrificial
gate stack (however, that need not be the case). Note that spacer 308 is also formed over the gate
stack, in this embodiment, which may have been formed using spacer deposition and etch as
described above. Figure 3C shows the structure of Figure 3B after etching 106 source/drain
regions 312/314. Figure 3D shows the structure of Figure 3C after depositing 108 sacrificial
SiGe layer 318/320. Figure 3D' shows the structure of Figure 3C after depositing 108' functional
SiGe layer 318'/320' and Si cladding layer 322. The sacrificial and functional SiGe layers, as
well as deposition of such layers, are discussed above.

[0044] Figure 3E shows the structure of Figure 3D after depositing 110 insulator layer 330.
Figure 3F shows the structure of Figure 3E after removing 112 the dummy gate stack (including
dummy gate electrode 304) to re-expose the channel region 309. Figure 3G shows the structure
of Figure 3F after replacing 112 the dummy gate stack with a new gate stack (e.g., with a new
gate dielectric and a metal gate electrode 305). Note that, in some embodiments,
removing/replacing 112 the gate stack may be an optional process, as previously described.
Figure 3H shows the structure of Figure 3G after performing 116 contact trench etch to remove
insulator 330 from the regions that will become p-contacts. Figure 3H also shows optional
hardmask 360 on the gate stack. Note that an optional masking-off 114 of n-contact regions (if
present) may have been performed prior to contact trench etch 116, to only open the p-contact
regions. Also note that Si cladding layer 322 would be shown in Figures 3E-H in an
embodiment that includes a functional SiGe layer 318'/320', as will be apparent in light of this

disclosure.
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[0045] Figure 31 shows the structure of Figure 3H after etching 117 to remove SiGe layer
318/320 from the source/drain regions and form source/drain cavities 312/314. As can be seen in
Figure 31, the source/drain cavities 312/314 that are re-formed may be the same cavities as, or
similar to, the source/drain cavities shown in Figure 3C. Figure 3J shows the structure of Figure
31 after depositing 118 p-type Ge-rich layer 324/326. Figure 3J' shows a resulting structure after
p-type Ge-rich layer 324'/326' has been deposited on Si cladding layer 322 (after contact trench
etch 116" was performed). In this embodiment, SiGe layer 318'/320' is a functional p-type layer,
as previously described. Metal plugs (not shown) can then be deposited 120 in the source/drain
regions of Figures 3J/J', as described herein, to provide contacts for the finned p-MOS device.
Due to the layout and design rules, there will be a population of inactive transistors that have no
contact trench or metal plugs. These dummy devices would retain the originally deposited
source/drain material at end of line.

[0046] For example, for these dummy devices, the SiGe layer as variously described herein
(whether sacrificial, or functional and clad with an Si layer) may be present in the source/drain
regions, and the p-type Ge-rich layer deposited after source/drain contact trench etch as variously
described herein would be absent.

[0047] As will further be appreciated, note that an alternative to the finned non-planar
configuration as shown is a double-gate architecture, which would include a dielectric/isolation
layer on top of fin 310. Further note that the example shapes of any layers (including SiGe
layers 318/320 and 318'/320', Si cladding layer 322, and Ge-rich layer 324/326 and 324'/326') are
not intended to limit the present disclosure to any particular source/drain types or formation
processes, and other shapes will be apparent in light of this disclosure (e.g., round, square or
rectangular regions may be implemented).

[0048] Figures 4 and 4' show perspective views of nanowire transistor structures formed in
accordance with some embodiments of the present disclosure. A nanowire transistor (sometimes
referred to as gate-all-around FET) is configured similarly to a fin-based transistor, but instead of
a fin, a nanowire is used and the gate material generally surrounds the channel region on all
sides. Depending on the particular design, some nanowire transistors have, for instance, four
effective gates. As can be seen, Figure 4 shows a nanowire transistor structure formed with a
sacrificial SiGe layer and Figure 4' shows a nanowire transistor structure formed with a
functional SiGe layer, as variously described herein. Figures 4 and 4' illustrate a nanowire

channel architecture having two nanowires 410, although other embodiments can have any
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number of wires. The nanowires 410 can be implemented, for example, with p-channel silicon
or germanium or SiGe nanowire. Just as with the finned configuration shown in Figure 3J, the
nanowire configuration shown in Figure 4 includes Ge-rich layer 424/426 deposited on Si
substrate 400 in the source/drain regions. And just as with the finned configuration shown in
Figure 3J', the nanowire configuration shown in Figure 4' includes Ge-rich layer 424'/426'
deposited on Si cladding layer 422 (which is deposited on functional p-type SiGe layer
418'/420".

Example System

[0049] Figure 5 illustrates a computing system 1000 implemented with one or more transistors
configured in accordance with one or more embodiments of the present disclosure. As can be
seen, the computing system 1000 houses a motherboard 1002. The motherboard 1002 may
include a number of components, including but not limited to a processor 1004 and at least one
communication chip 1006, each of which can be physically and electrically coupled to the
motherboard 1002, or otherwise integrated therein. As will be appreciated, the motherboard
1002 may be, for example, any printed circuit board, whether a main board or a daughterboard
mounted on a main board or the only board of system 1000, etc.

[0050] Depending on its applications, computing system 1000 may include one or more other
components that may or may not be physically and electrically coupled to the motherboard 1002.
These other components may include, but are not limited to, volatile memory (e.g., DRAM),
non-volatile memory (e.g., ROM), a graphics processor, a digital signal processor, a crypto
processor, a chipset, an antenna, a display, a touchscreen display, a touchscreen controller, a
battery, an audio codec, a video codec, a power amplifier, a global positioning system (GPS)
device, a compass, an accelerometer, a gyroscope, a speaker, a camera, and a mass storage
device (such as a hard disk drive, compact disk (CD), digital versatile disk (DVD), and so forth).
Any of the components included in computing system 1000 may include one or more
semiconductor device structures as variously described herein (e.g., p-MOS transistor devices
including source/drain regions having a Ge-rich layer deposited directly on a Si surface). These
transistor structures can be used, for instance, to implement an on-board processor cache or
memory array. In some embodiments, multiple functions can be integrated into one or more
chips (e.g., for instance, note that the communication chip 1006 can be part of or otherwise

integrated into the processor 1004).
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[0051] The communication chip 1006 enables wireless communications for the transfer of data
to and from the computing system 1000. The term “wireless” and its derivatives may be used to
describe circuits, devices, systems, methods, techniques, communications channels, etc., that
may communicate data through the use of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associated devices do not contain any wires,
although in some embodiments they might not. The communication chip 1006 may implement
any of a number of wireless standards or protocols, including but not limited to Wi-Fi (IEEE
802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term evolution (LTE), Ev-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth,
derivatives thereof, as well as any other wireless protocols that are designated as 3G, 4G, 5G,
and beyond. The computing system 1000 may include a plurality of communication chips 1006.
For instance, a first communication chip 1006 may be dedicated to shorter range wireless
communications such as NFC, Wi-Fi, and Bluetooth, and a second communication chip 1006
may be dedicated to longer range wireless communications such as GPS, EDGE, GPRS, CDMA,
WIiMAX, LTE, Ev-DO, and others.

[0052] The processor 1004 of the computing system 1000 includes an integrated circuit die
packaged within the processor 1004. In some embodiments, the integrated circuit die of the
processor includes onboard memory circuitry that is implemented with one or more transistor
structures as variously described herein. The term “processor” may refer to any device or
portion of a device that processes, for instance, electronic data from registers and/or memory to
transform that electronic data into other electronic data that may be stored in registers and/or
memory.

[0053] The communication chip 1006 may also include an integrated circuit die packaged
within the communication chip 1006. In accordance with some such example embodiments, the
integrated circuit die of the communication chip includes one or more devices implemented with
one or more transistor structures as variously described herein (e.g., on-chip processor or
memory). As will be appreciated in light of this disclosure, note that multi-standard wireless
capability may be integrated directly into the processor 1004 (e.g., where functionality of any
chips 1006 is integrated into processor 1004, rather than having separate communication chips).
Further note that processor 1004 may be a chip set having such wireless capability. In short, any
number of processor 1004 and/or communication chips 1006 can be used. Likewise, any one

chip or chip set can have multiple functions integrated therein.

P63565US-C1-C1 18

Page 44 of 277



[0054] In various implementations, the computing system 1000 may be a laptop, a netbook, a
notebook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra-mobile PC, a
mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-top box, an
entertainment control unit, a digital camera, a portable music player, or a digital video recorder.
In further implementations, the system 1000 may be any other electronic device that processes

data or employs one or more transistor devices as variously described herein.

Further Example Embodiments

[00S5] The following examples pertain to further embodiments, from which numerous
permutations and configurations will be apparent.

[0056] Example 1 is a transistor device, comprising: a substrate having a channel region; a gate
electrode above the channel region; and source/drain regions formed on and/or in the substrate
and adjacent to the channel region, each of the source/drain regions comprising a p-type
germanium (Ge)-rich layer deposited directly on a silicon (Si) surface, wherein the p-type Ge-
rich layer comprises at least 50% Ge.

[0057] Example 2 includes the subject matter of Example 1, wherein the Si surface in the
source/drain regions is a surface of the substrate.

[0058] Example 3 includes the subject matter of Example 1, wherein the Si surface in the
source/drain regions is a surface of a Si cladding layer deposited on a p-type silicon germanium
(SiGe) layer.

[0059] Example 4 includes the subject matter of Example 3, wherein the p-type SiGe layer
comprises 30-70% Ge.

[0060] Example 5 includes the subject matter of any of Examples 1-4, wherein the p-type Ge-
rich layer comprises silicon germanium (SiGe).

[0061] Example 6 includes the subject matter of any of Examples 1-4, wherein the p-type Ge-
rich layer comprises germanium tin (GeSn) with up to 15% Sn.

[0062] Example 7 includes the subject matter of Example 6, wherein the p-type Ge-rich layer
further comprises up to 5% Si.

[0063] Example 8 includes the subject matter of any of Examples 1-7, wherein the p-type Ge-
rich layer is boron (B) doped at levels above 1E20 cm™.

[0064] Example 9 includes the subject matter of any of Examples 1-8, wherein the Si surface is

undoped or has doping levels below 1E19 cm™.
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[0065] Example 10 includes the subject matter of any of Examples 1-9, further comprising
metal-germanide source/drain contacts.

[0066] Example 11 includes a CMOS device comprising an n-MOS device and the subject
matter of any of Examples 1-10.

[0067] Example 12 includes the subject matter of any of Examples 1-11, wherein the device
has a planar, finned, nanowire, or nanoribbon configuration.

[0068] Example 13 includes an integrated circuit comprising the subject matter of any of
Examples 1-12.

[0069] Example 14 includes the subject matter of Example 13, further comprising additional
source/drain regions, wherein the additional source/drain regions lack metal contacts and
comprise a silicon germanium (SiGe) layer.

[0070] Example 15 includes the subject matter of Example 14, wherein the SiGe layer
comprises 15-30% Ge and is undoped.

[0071] Example 16 includes the subject matter of Example 14, further comprising a Si
cladding layer deposited on the SiGe layer, wherein the SiGe layer comprises 30-70% Ge and is
p-type doped

[0072] Example 17 includes a computing system comprising the subject matter of any of
Examples 1-16.

[0073] Example 18 is a method for forming a transistor device, the method comprising:
performing shallow trench isolation (STI) on a silicon (Si) substrate having a channel region;
forming a gate stack above the channel region; depositing a sacrificial silicon germanium (SiGe)
layer in source/drain regions adjacent to the channel region; depositing an insulator material over
topography of the gate stack and source/drain regions; performing source/drain contact trench
etch; etching to remove the sacrificial SiGe layer from the source/drain contact trenches and re-
expose a surface of the Si substrate; and depositing a p-type germanium (Ge)-rich layer in the
source/drain contact trenches on the re-exposed surface of the Si substrate, wherein the p-type
Ge-rich layer comprises at least 50% Ge.

[0074] Example 19 includes the subject matter of Example 18, further comprising performing
a gate replacement process to replace the gate stack after depositing an insulator material over

topography of the gate stack and source/drain regions.
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[0075] Example 20 includes the subject matter of any of Examples 18-19, further comprising
masking-off n-type regions prior to performing source/drain contact trench etch to expose only
p-contact regions.

[0076] Example 21 includes the subject matter of any of Examples 18-20, further comprising
depositing metal source/drain contacts on the p-type Ge-rich layer.

[0077] Example 22 includes the subject matter of any of Examples 18-21, wherein the p-type
Ge-rich layer is deposited at temperatures of less than 500 degrees C.

[0078] Example 23 includes the subject matter of any of Examples 18-22, wherein etching to
remove the sacrificial SiGe layer includes using a SiGe etch that is selective to silicon (Si) and
insulator materials.

[0079] Example 24 includes the subject matter of any of Examples 18-23, wherein etching to
remove the sacrificial SiGe layer is a wet etch including water, nitric acid, organic acid, and/or
hydrofluoric acid.

[0080] Example 25 includes the subject matter of any of Examples 18-24, wherein the
transistor device is a p-MOS or CMOS device.

[0081] Example 26 includes the subject matter of any of Examples 18-25, wherein the device
has a planar, finned, nanowire, or nanoribbon configuration.

[0082] Example 27 includes the subject matter of any of Examples 18-26, wherein the SiGe
layer comprises 15-30% Ge and is undoped.

[0083] Example 28 includes the subject matter of any of Examples 18-27, wherein the p-type
Ge-rich layer comprises silicon germanium (SiGe).

[0084] Example 29 includes the subject matter of any of Examples 18-27, wherein the p-type
Ge-rich layer comprises germanium tin (GeSn) with up to 15% Sn.

[0085] Example 30 includes the subject matter of Example 29, wherein the p-type Ge-rich
layer further comprises up to 5% Si.

[0086] Example 31 includes the subject matter of any of Examples 18-30, wherein the p-type
Ge-rich layer is boron (B) doped at levels above 1E20 cm™.

[0087] Example 32 is a method for forming a transistor device, the method comprising:
performing shallow trench isolation (STI) on a substrate having a channel region; forming a gate
stack above the channel region; depositing a p-type silicon germanium (SiGe) layer in
source/drain regions adjacent to the channel region; depositing a silicon (Si) cladding layer on

the p-type SiGe layer; depositing an insulator material over topography of the gate stack and
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source/drain regions; performing source/drain contact trench etch; and depositing a p-type
germanium (Ge)-rich layer on the Si cladding layer in the source/drain contact trenches, wherein
the p-type Ge-rich layer comprises at least 50% Ge.

[0088] Example 33 includes the subject matter of Example 32, further comprising performing
a gate replacement process to replace the gate stack after depositing an insulator material over
topography of the gate stack and source/drain regions.

[0089] Example 34 includes the subject matter of any of Examples 32-33, further comprising
masking-off n-type regions prior to performing source/drain contact trench etch to expose only
p-contact regions.

[0090] Example 35 includes the subject matter of any of Examples 32-34, further comprising
depositing metal source/drain contacts on the p-type Ge-rich layer.

[0091] Example 36 includes the subject matter of any of Examples 32-35, wherein the p-type
Ge-rich layer is deposited at temperatures of less than 500 degrees C.

[0092] Example 37 includes the subject matter of any of Examples 32-36, further comprising
depositing an etch stop layer over topography of the gate stack and source/drain regions prior to
depositing the insulator layer, wherein the etch stop layer helps protect the Si cladding layer
during source/drain contact trench etch.

[0093] Example 38 includes the subject matter of Example 37, wherein the etch stop layer is
one of a nitride or carbide material.

[0094] Example 39 includes the subject matter of any of Examples 32-38, wherein the
transistor device is a p-MOS or CMOS device.

[0095] Example 40 includes the subject matter of any of Examples 32-39, wherein the device
has a planar, finned, nanowire, or nanoribbon configuration.

[0096] Example 41 includes the subject matter of any of Examples 32-40, wherein the SiGe
layer comprises 30-70% Ge.

[0097] Example 42 includes the subject matter of any of Examples 32-41, wherein the p-type
Ge-rich layer comprises silicon germanium (SiGe).

[0098] Example 43 includes the subject matter of any of Examples 32-42, wherein the p-type
Ge-rich layer comprises germanium tin (GeSn) with up to 15% Sn.

[0099] Example 44 includes the subject matter of Example 43, wherein the p-type Ge-rich

layer further comprises up to 5% Si.
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[0100] Example 45 includes the subject matter of any of Examples 32-44, wherein the p-type
Ge-rich layer is boron (B) doped at levels above 1E20 cm™,

[0101] The foregoing description of example embodiments has been presented for the purposes
of illustration and description. It is not intended to be exhaustive or to limit the present
disclosure to the precise forms disclosed. Many modifications and variations are possible in
light of this disclosure. It is intended that the scope of the present disclosure be limited not by
this detailed description, but rather by the claims appended hereto. Future filed applications
claiming priority to this application may claim the disclosed subject matter in a different manner,
and may generally include any set of one or more limitations as variously disclosed or otherwise

demonstrated herein.
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CLAIMS

What is claimed is:

1. An integrated circuit, comprising:

a non-planar body comprising semiconductor material, wherein the non-planar body has
top and side surfaces;

a gate structure on at least the top and side surfaces of the non-planar body;

a source region adjacent the non-planar body, the source region including a first portion,
the first portion including germanium at a concentration of at least 50 atomic
percent throughout the first portion, wherein the first portion is in direct contact
with a surface that consists essentially of silicon; and

a drain region adjacent the non-planar body, the drain region including a second portion,
the second portion including germanium at a concentration of at least 50 atomic
percent throughout the second portion, wherein the second portion is in direct

contact with the surface that consists essentially of silicon.

2. The integrated circuit of claim 1, wherein the surface that consists essentially of
silicon is one of a surface of a bulk silicon substrate or a surface of the silicon layer of a silicon-

on-insulator substrate.

3. The integrated circuit of claim 1, wherein the non-planar body is a first non-planar
body, and the surface that consists essentially of silicon is a surface of a cladding layer, the
cladding layer on second and third non-planar bodies included in the source and drain regions,

respectively.

4. The integrated circuit of claim 3, wherein the second and third non-planar bodies
are compositionally distinct from the first non-planar body and include silicon, germanium, and

p-type dopant.

5. The integrated circuit of claim 1, wherein the first and second portions further

include one or both of silicon and tin.
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6. The integrated circuit of claim 1, wherein the first and second portions include a

p-type dopant.

7. The integrated circuit of claim 1, wherein the surface that consists essentially of

silicon is undoped.

8. The integrated circuit of claim 1, further comprising an additional portion on the

first and second portions, the additional portions including a metal and germanium.

9. The integrated circuit of claim 1, wherein the non-planar body includes
germanium.
10. The integrated circuit of claim 1, wherein the non-planar body is a fin, the fin

between portions of the gate structure.

11. The integrated circuit of claim 1, wherein the non-planar body includes one or
more nanowires and/or nanoribbons, and the gate structure wraps around the one or more

nanowires and/or nanoribbons.
12. A computing system comprising the integrated circuit of claim 1.

13.  An integrated circuit, comprising:

a fin structure comprising semiconductor material, wherein the fin structure has top and
side surfaces;

a gate structure on the top and side surfaces of the fin structure;

a source structure to one side of the gate structure and abutting the fin structure, the
source structure including a first portion, the first portion including germanium at
a concentration of at least 50 atomic percent throughout the first portion, wherein
the first portion is in direct contact with a surface that consists essentially of
silicon;

a drain structure to an opposite side of the gate structure and abutting the fin structure, the
drain structure including a second portion, the second portion including

germanium at a concentration of at least 50 atomic percent throughout the second
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portion, wherein the second portion is in direct contact with the surface that
consists essentially of silicon;

a first contact structure on the first portion of the source structure and including a metal-
germanide; and

a second contact structure on the second portion of the drain structure and including a

metal-germanide.

14.  The integrated circuit of claim 13, wherein the surface that consists essentially of
silicon is one of a surface of a bulk silicon substrate or a surface of the silicon layer of a silicon-

on-insulator substrate.

15. The integrated circuit of claim 13, wherein the surface that consists essentially of
silicon is a surface of a cladding layer, the cladding layer on respective additional portions of the
source and drain structures, and wherein the respective additional portions of the source and
drain structures are compositionally distinct from the fin structure and include silicon,

germanium, and p-type dopant.

16. The integrated circuit of claim 13, wherein the first and second portions further

include one or both of silicon and tin, and further include a p-type dopant.

17.  An integrated circuit, comprising;

a nanowire or nanoribbon comprising semiconductor material;

a gate structure wrapped around the nanowire or nanoribbon;

a source structure to one side of the gate structure and abutting the nanowire or
nanoribbon, the source structure including a first portion, the first portion
including germanium at a concentration of at least 50 atomic percent throughout
the first portion, wherein the first portion is in direct contact with a surface that
consists essentially of silicon;

a drain structure to an opposite side of the gate structure and abutting the nanowire or
nanoribbon, the drain structure including a second portion, the second portion

including germanium at a concentration of at least 50 atomic percent throughout
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the second portion, wherein the second portion is in direct contact with the surface
that consists essentially of silicon;

a first contact structure on the first portion of the source structure and including a metal-
germanide; and

a second contact structure on the second portion of the drain structure and including a

metal-germanide.

18.  The integrated circuit of claim 17, wherein the surface that consists essentially of
silicon is one of a surface of a bulk silicon substrate or a surface of the silicon layer of a silicon-

on-insulator substrate.

19. The integrated circuit of claim 17, wherein the surface that consists essentially of
silicon is a surface of a cladding layer, the cladding layer on respective additional portions of the
source and drain structures, and wherein the respective additional portions of the source and
drain structures are compositionally distinct from the nanowire or nanoribbon and include

silicon, germanium, and p-type dopant.

20. The integrated circuit of claim 17, wherein the first and second portions further

include one or both of silicon and tin, and further include a p-type dopant.
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ABSTRACT OF THE DISCLOSURE

Techniques are disclosed for improved integration of germanium (Ge)-rich p-MOS source/drain
contacts to, for example, reduce contact resistance. The techniques include depositing the p-type
Ge-rich layer directly on a silicon (Si) surface in the contact trench location, because Si surfaces
are favorable for deposition of high quality conductive Ge-rich materials. In one example
method, the Ge-rich layer is deposited on a surface of the Si substrate in the source/drain contact
trench locations, after removing a sacrificial silicon germanium (SiGe) layer previously
deposited in the source/drain locations. In another example method, the Ge-rich layer is
deposited on a Si cladding layer in the contact trench locations, where the Si cladding layer is
deposited on a functional p-type SiGe layer. In some cases, the Ge-rich layer comprises at least

50% Ge (and may contain tin (Sn) and/or Si) and is boron (B) doped at levels above 1E20 cm™.
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- RAXHFHYR

Techniques are disclosed for forming column IV transistor devices having sourcefdrain
regions with high concentrations of germanium, and exhibit reduced parasitic resistance relative to
conventional devices. In some example embodiments, the source/drain regions each includes a
thin p-type silicon or germanium or SiGe deposition with the remainder of the source/drain material
deposition being p-lype germanium or a germanium alloy {(e.5., germaniumitin or other suitable
strain inducer, and having a germanium content of at least B0 atomic % and 20 atomic % or less
other components). In some cases, evidence of strain relaxation may be observed in the
germantum rich cap layer, including misfit dislocations and/or threading dislocations and/or twins.,
Numerous transistor configurations can be used, inchuding both planar and non-planar transistor
structures {e.g., FinFETs and nanowire transistors), as well as strained and unstrained channel

structures,
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BT HEITEY., FMIRDEARMRERINGT 5 ENTES, 2FY, &
TIERFRTYILET1 1 1ICHEREAHTELTEH, —EDESEZEFT
DE2IEZXRTVILET 120 LEIIENTIE, RIEDEWNEEE>TLY
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CDESBWRETOT7AILIE, ESITEX2FTVILE113%2ITESF
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NMOS FZ U REDIGE. FyRILBRERICEHRSAZEHMYT 6
EEFryRILBBEBEORALICEMRET. LLAETESESD, £ZT. NM
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TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN CONTACTS

BACKGROUND

Increased performance of circuit devices including transistors, diodes, resistors,
capacitors, and other passive and active electronic devices formed on a semiconductor
substrate is typically a major factor considered during design, manufacture, and operation of
those devices. For example, during design and manufacture or forming of metal-oxide-
semiconductor (MOS) transistor devices, such as those used in complementary metal-oxide-
semiconductor (CMOS) devices, it is often desired to minimize resistance associated with
source/drain regions and contacts, otherwise known as components of external resistance.

Decreasing external resistance enables improved transistor current for a given source to drain.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a method of forming a transistor using a sacrificial silicon germanium
(SiGe) layer and including a germanium (Ge)-rich source/drain contact layer deposited on a
silicon (Si) surface, in accordance with one or more embodiments of the present disclosure.
Figure 1' is a method of forming a transistor using a functional SiGe layer and including a
Ge-rich source/drain contact layer deposited on a Si surface, in accordance with one or more
embodiments of the present disclosure.

Figures 2A-H' illustrate example structures that are formed when carrying out the
method of either of Figures 1 or 1' for planar or non-planar transistor architecture, in
accordance with various embodiments.

Figures 3A-J' illustrate example structures that are formed when carrying out the
method of either of Figures 1 or 1' for non-planar (e.g., finned) transistor architecture, in
accordance with various embodiments.

Figure 4 shows a perspective view of a nanowire/nanoribbon transistor structure formed
when carrying out the method of Figure 1, in accordance with an embodiment.

Figure 4' shows a perspective view of a nanowire/nanoribbon transistor structure
formed when carrying out the method of Figure 1', in accordance with an embodiment.

Figure S illustrates a computing system implemented with one or more transistor

structures in accordance with one or more embodiments of the present disclosure.
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DETAILED DESCRIPTION

Techniques are disclosed for improved integration of germanium (Ge)-rich p-MOS
source/drain contacts to, for example, reduce contact resistance. The techniques include
depositing the p-type Ge-rich layer directly on a silicon (Si) surface in the contact trench
location, because Si surfaces are favorable for deposition of high quality conductive Ge-rich
materials. In one example method, the Ge-rich layer is deposited on a surface of the Si
substrate in the source/drain contact trench locations, after removing a sacrificial silicon
germanium (SiGe) layer previously deposited in the source/drain locations. In another
example method, the Ge-rich layer is deposited on a Si cladding layer in the contact trench
locations, where the Si cladding layer is deposited on a functional p-type SiGe layer. In some
cases, the Ge-rich layer comprises at least 50% Ge (and may contain tin (Sn) and/or Si) and is
boron (B) doped at levels above 1E20 cm™. Numerous transistor configurations and suitable
fabrication processes will be apparent in light of this disclosure, including both planar and
non-planar transistor structures (e.g., finned and nanowire/nanoribbon configurations). The
techniques are particularly well-suited for implementing p-type MOS (p-MOS) devices,
although other transistor configurations may benefit as well, such as complementary MOS
(CMOS) devices. Numerous configurations and variations will be apparent in light of this

disclosure.

General Overview

As previously explained, increased drive current in transistors can generally be
achieved by reducing external resistance, such as contact resistance. In some cases, contact
resistance can be reduced for p-type MOS (p-MOS) transistors by using a germanium (Ge)-
rich material as an effective ohmic contact material. However, issues can arise in preserving
the Ge-rich material through the MOS fabrication process flow if it is deposited at the
source/drain location. For example, the Ge-rich material may be susceptible to erosion and
unintentional removal in the etch, ash, and anneal associated with contact loop processing.
Issues can also arise in obtaining good quality deposition (e.g., as judged by film
conductivity) of the Ge-rich material when the material is deposited in the contact trench
location. For example, the surface in the contact trench location that the Ge-rich material is
being deposited on may be ‘dirty’ (e.g., as a result of contact loop processing) and/or difficult
to clean. If Ge-rich materials are deposited on “dirty’ surfaces, then the result may produce
poor crystal quality in the sense of amorphous atomic arrangement in local regions or in

entirety. Poor crystallinity results in poor dopant activation and high contact resistance.

2
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Thus, and in accordance with one or more embodiments of the present disclosure,
techniques are disclosed for improved integration of Ge-rich p-MOS source/drain contacts to,
for example, reduce contact resistance. As previously described, Ge-rich material can be
used as an effective ohmic contact material; however, issues can arise with preserving the
Ge-rich layer if it is deposited too early in the process flow (e.g., during source/drain
processing prior to contact loop processing) or obtaining a good quality deposition for the
Ge-rich layer if it is deposited later in the process flow (e.g., due to the “dirty’ and/or difficult
to clean surface it is being deposited on). Therefore, the techniques variously described
herein include depositing the Ge-rich layer directly on a silicon (Si) surface in the contact
trench location, due to Si having the property that it is easier to achieve epitaxial quality clean
surfaces (e.g., as compared to silicon germanium (SiGe), which is typically used for the p-
MOS source and drain). Note that the Ge-rich layer as variously described herein is to be
used for p-MOS source/drain contacts and is therefore a p-type layer, meaning it has p-type
doping (e.g., using boron (B), gallium (Ga), and/or any other suitable dopant).

As will be apparent in light of this disclosure, depositing the Ge-rich layer directly on a
clean Si surface is generally achieved using one of two methods: 1) depositing the Ge-rich
layer on a surface of the Si substrate in the contact trench locations, after removing a
sacrificial SiGe layer or 2) depositing the Ge-rich layer on a Si cladding layer in the contact
trench locations, where the Si cladding layer is deposited on a functional p-type SiGe layer.
Note that in both of these methods, a SiGe layer (whether sacrificial or functional) is
deposited in the source/drain locations prior to contact loop processing. Also note that, in
embodiments of the first method, the SiGe layer is a sacrificial layer, while in embodiments
of the second method, the SiGe layer is a functional layer, as will be discussed in more detail
herein. Further note that although the SiGe layer is referred to as sacrificial in some
instances, it may be p-type doped and therefore capable of being functional; however, the
SiGe layer is referred to as sacrificial because it is intended to be removed during the
processing of p-contacts, as will be apparent in light of this disclosure.

In embodiments where the SiGe layer is sacrificial, the SiGe layer may comprise 15-
30% Ge, in some cases. Although, in some instances, the sacrificial layer may range from
10% Ge to pure Ge. Further, the sacrificial SiGe layer may also be undoped, in some cases.
Although, in other cases, the sacrificial layer may have some amount of p-type doping. In
some embodiments, the sacrificial SiGe layer is removed using a SiGe etch that is selective to

Si and insulator materials. Such selective etches may include, for example, wet etches
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including water, nitric acid, organic acid (e.g., acetic or citric), and/or hydrofluoric acid, and
the selective etches may have a usable etch rate of about 300A/min, for example.

In embodiments where the SiGe layer is functional, the SiGe layer may comprise 30-
70% Ge, in some cases (e.g., to maximize strain for performance reasons). Further, in such
embodiments, the functional SiGe layer is p-type doped (e.g., B doped). In embodiments
where the SiGe layer is functional, a Si cladding layer can be deposited on the functional
SiGe layer before contact loop processing. Then, during contact trench processing, the
contact trench etch can be performed in a manner such that the Si cladding layer is preserved
for subsequent deposition of the Ge-rich layer. In such cases, an etch stop layer (e.g., nitride,
carbide, or some other suitable material having a sufficiently different etch rate compared to
the oxide/insulator material above it) can be used to assist with preserving the Si cladding
layer during contact trench etch, as will be discussed in more detail herein.

In some embodiments, the Ge-rich layer material may comprise at least 50% Ge (up to
100% Ge), and may also include Si and tin (Sn). For example, in some cases, the Ge-rich
material may be SiGe, having Ge in the range of 50-99%. In other cases, the Ge-rich material
may be germanium tin (GeSn), with up to 15% Sn, and may, in some instances, contain trace
levels of Si (e.g., <5%). Recall that the Ge-rich layer is a p-type layer and therefore is p-type
doped (e.g., B doped). In some cases, the p-type Ge-rich layer may be B doped at levels
around 2E20 cm™. Although, in some instances, the p-type Ge-rich layer may be B doped at
levels above 5E19 cm™, and up to 5SE21 cm™. In some embodiments, depositing the Ge-rich
layer includes processing with maximum temperatures of 550 or 500 degrees C, for example.

The techniques as variously described herein can be used to form transistor devices in
any number of devices and systems. In some embodiments, such as CMOS devices having
both n-type MOS (n-MOS) and p-MOS transistors, n-type regions may be present. In such
cases where n-type regions are also present, the contacts can be patterned so as to open the p-
contacts separately from the n-contacts. This can also offer the benefit that when the n-
contacts are independently opened, an n-type specific metal may be used for contact
resistance lowering reasons. Further, additional benefit may be received as a result of the p
and n-contact metals not having to be shared, as in conventional contact processing. In other
embodiments, selectivity may include natural selectivity. For instance, while the p-type Ge-
rich layer grows on Si surfaces, it does not grow on insulator surfaces such as silicon dioxide
(Si0;) or silicon nitride (SiN); nor does it grow on, for instance, exposed heavily

phosphorous doped silicon in n-type regions.
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The techniques provided herein can be employed to improve device resistance in any
number of transistor structures and configurations, including planar, flush or raised
source/drain, non-planar (e.g., nanowire transistors and finned transistors such as double-gate
and tri-gate transistor structures), as well as strained and unstrained channel structures. The
source/drain areas can be recessed (e.g., using an etch process) or not recessed (e.g., formed
on top surface of substrate). In addition, the transistor devices may optionally include source
and drain tip regions that are designed, for instance, to decrease the overall resistance of the
transistor while improving short channel effects (SCE), but such tip regions are not required.
The transistor devices may further include any number of gate configurations, such as poly
gates, high-k dielectric metal gates, replacement metal gate (RMG) process gates, or any
other gate structure. Any number of structural features can be used in conjunction with low
resistance transistor techniques as described herein.

Upon analysis (e.g., using scanning/transmission electron microscopy (SEM/TEM)
and/or composition mapping), a structure configured in accordance with one or more
embodiments will effectively show contact regions including a Ge-rich layer deposited on a
Si surface (e.g., a surface of the Si substrate or a surface of a Si cladding layer). In addition,
such structures when on an integrated circuit can be compared to source/drain regions on the
integrated circuit that do not have contacts. In such contact-less source/drain regions (e.g.,
source/drain regions that were not opened during contact trench etch for contact processing),
a SiGe layer may be present in the source/drain locations as variously described herein. For
example, in cases where the SiGe layer was intended to be sacrificial for subsequent contact
processing, the SiGe layer may comprise 15-30% Ge and may be undoped. In cases where
the SiGe layer was intended to be functional for subsequent contact processing, the SiGe
layer may comprise 30-70% Ge and be p-type doped (e.g., B doped). In addition, in such
cases, the SiGe layer may include a Si cladding layer. Also, in some cases, transistors
fabricated using the techniques variously described herein can provide an improvement over
conventional structures with respect to, at least, a reduction in contact resistance (e.g.,
resulting in a 20-30% current flow improvement for a given operating voltage). Further, the
cleanliness of the interface between the Ge-rich layer and the Si surface the Ge-rich layer is
directly deposited on (e.g., as compared to the interface between a Ge-rich layer and a SiGe
surface) can be detected by secondary ion mass spectrometry (SIMS) or by ion probe, for

example. Numerous configurations and variations will be apparent in light of this disclosure.
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Architecture and Methodology

Figures 1 and 1' are methods of forming a transistor including a Ge-rich source/drain
contact layer deposited on Si, in accordance with one or more embodiments of the present
disclosure. Figures 2A-H' illustrate example structures that are formed when carrying out the
method of either of Figures 1 or 1' for planar or non-planar transistor architecture, in
accordance with various embodiments. As will be apparent in light of the present disclosure,
for non-planar transistor architectures, such as finned architectures (e.g., tri-gate or finFET),
Figures 2A-H' may illustrate a cross-sectional view taken along the length of the
semiconductor fin. The example methods shown in Figures 1 and 1' include forming one or
more gate stacks on a semiconductor substrate upon which one or more transistor devices
(e.g., MOS devices) may be formed, the gate stacks being formed above channel regions and
having source/drain regions adjacent to the channel region. The MOS devices may comprise,
for example, p-MOS transistors, or both n-MOS and p-MOS transistors (e.g., for CMOS
devices).

Figure 1 shows a method of forming a transistor including a Ge-rich source/drain layer
deposited on a surface of the Si substrate after removing a sacrificial SiGe layer after
performing contact trench etch, in accordance with some embodiments. Figure 1' shows a
method of forming a transistor including a Ge-rich source/drain layer deposited on a Si
cladding layer after contact trench etch, where the Si cladding layer is deposited on a
functional p-type SiGe layer, in accordance with some embodiments. Therefore, in some
embodiments, a SiGe layer will be deposited in the source/drain regions as a sacrificial layer,
while in other embodiments, the SiGe layer will be deposited in the source/drain regions as a
functional layer. The properties of the SiGe layer (e.g., % Ge, doping amount, etc.) may
depend upon whether the SiGe layer is to be used as a sacrificial layer (e.g., as is the case in
the method of Figure 1) or as a functional source/drain layer (e.g., as is the case in the method
of Figure 1"), as will be apparent in light of this disclosure.

As can be seen in Figures 1 and 1', the example methods include performing 102
shallow trench isolation (STI) on a semiconductor substrate. The substrate may be formed
using a silicon base or substrate, such as a silicon single crystal wafer. Substrate may be
implemented, for example, with a bulk silicon, a silicon-on-insulator configuration (SOI), or
with multi-layered structures, including those substrates upon which single composition fins
or multilayers with different composition for fabricating nanowires/nanoribbons are formed
prior to a subsequent gate patterning process. In other implementations, the semiconductor

substrate may be formed using alternate materials, which may or may not be combined with
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silicon, such as germanium. In a more general sense, any material that may serve as a
foundation upon which a semiconductor device may be built can be used in accordance with
embodiments of the present disclosure. The STI process may include patterning the diffusion
regions, etching STI trenches, depositing an insulative or oxide or inter-layer dielectric (ILD)
material, and polishing the deposited STI material. In some cases, such as for non-planar
architectures, the STI process may also include recessing the STI material. In some cases,
such as for planar architectures, the plane of the diffusion region may be nominally planar
with the top of the STI (e.g., within approximately 10 nm). In the case of non-planar
architectures, such as those used for finned or nanowire/nanoribbon transistor devices, the
STI locations may be where the diffusion is defined as narrow structures that are then made
to exude out of the plane of the STI material (e.g., the level of the diffusion is 10 nm or more
above the level of the top STI planc). Note that in other embodiments, another suitable form
of isolation (other than STI) may be used to separate the diffusion regions on the
semiconductor substrate.

The methods of Figures 1 and 1' continue with forming 104 gates or gate stacks on the
semiconductor substrate. The gates or gate stacks can be formed as conventionally done or
using any suitable custom techniques. In some embodiments, the gate stack may be formed
by depositing and then patterning a gate dielectric layer and a gate electrode layer. For
example, a gate diclectric layer may be blanket deposited onto the substrate using
conventional deposition processes such as chemical vapor deposition (CVD), atomic layer
deposition (ALD), spin-on deposition (SOD), or physical vapor deposition (PVD). Alternate
deposition techniques may be used as well, such as thermally growing the gate dielectric
layer, for example. The gate dielectric material may be formed, for example, from materials
such as silicon dioxide or high-k dielectric materials. Examples of high-k gate diclectric
materials include, for example, hafnium oxide, hafnium silicon oxide, lanthanum oxide,
lanthanum aluminum oxide, zirconium oxide, zirconium silicon oxide, tantalum oxide,
titanium oxide, barium strontium titanium oxide, barium titanium oxide, strontium titanium
oxide, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, and lead zinc niobate.
In some example embodiments, the dummy or high-k gate dielectric layer may be between
around 5 A to around 200 A thick (e.g., 20 A to 50 A). In general, the thickness of the gate
diclectric layer should be sufficient to electrically isolate the gate clectrode from the
neighboring source and drain contacts. In further embodiments, additional processing may be
performed on the high-k gate dielectric layer, such as an annealing process to improve the

quality of the high-k material.
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A gate electrode material may then be deposited on the gate dielectric layer using
similar deposition techniques as described above, such as ALD, CVD, or PVD. In some such
specific embodiments, the gate electrode material may be polysilicon or a metal layer,
although other suitable gate electrode materials can be used as well. The gate electrode
material, which can be a sacrificial or dummy material that is later removed for a replacement
gate process, such as a replacement metal gate (RMGQG) process, can have a thickness in the
range of 50A to 500A (e.g., 100A), in some example embodiments. The RMG process will
be discussed in more detail below. Use of gate first/gate last, RMG, or conventional
SiO,/poly gate are all compatible with this disclosure.

The methods of Figures 1 and 1' continue with etching 106 the source/drain regions of
the transistor structure to form source/drain cavities. Etching 106 to form source/drain
cavities can be performed as conventionally done or using any number of suitable processes.
In some example cases, this includes ion implantation to highly dope portions of the substrate
adjacent to the gate stack followed by annealing to drive the dopants further into the substrate
to improve the etch rate of the intended source/drain areas. A dry etch process can then be
used to etch the doped regions of the substrate to form source/drain cavities and, in some
cases, respective tip areas. After the dry etch process has completed, a wet etch may be used,
for instance, to clean and further etch the areas. Such wet etching (which can be carried out
using conventional or custom wet etch chemistries), can be used to remove contaminants
such as carbon, fluorine, chlorofluorocarbons, and oxides such as silicon oxide to provide a
clean surface upon which subsequent processes may be carried out. In addition, and
assuming a monocrystalline silicon substrate, the wet etching may also be used to remove a
thin portion of the substrate along the <111> and <001> crystallographic planes to provide a
smooth surface upon which a high quality epitaxial deposition may occur. In some example
cases, the thin portion of the substrate that is etched away may be, for example, up to 5 nm
thick and may also remove residual contaminants. As will be appreciated, in some
embodiments, the source/drain regions need not be recessed or otherwise etched. In such
cases, the source/drain materials can be formed on the semiconductor substrate without any
etching.

Figure 2A shows an example resulting structure after performing 102 STI on a substrate
200, forming 104 a gate stack over a channel region (the gate stack including gate dielectric
layer 202, gate electrode layer 204, and optional hardmask 206), and etching 106 source/drain
cavities 212/214, as variously described above. The optional gate hardmask layer 206 can be
used to provide certain benefits or uses during processing, such as protecting gate clectrode
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204 from subsequent etch and/or ion implantation processes. Hardmask layer 206 may be
formed using typical hardmask materials, such as such as silicon dioxide, silicon nitride,
and/or other conventional insulator materials.

As can also be seen in Figure 2A, spacers 208 are formed adjacent to the gate stack and
source/drain cavities 212/214 include optional tip regions 212A/214A, respectively. Spacers
208 may be formed, for example, using conventional materials such as silicon oxide, silicon
nitride, or other suitable spacer materials. The width of spacers 208 may generally be chosen
based on design requirements for the transistor being formed. Source/drain cavities 212/214
effectively define the location of the source/drain regions, in this example embodiment, and,
as can be seen, source/drain cavity tip regions 212A/214A undercut gate dielectric 302.

The method of Figure 1 continues with depositing 108 a sacrificial SiGe layer 218/220
in the source/drain cavities 212/214, respectively, to grow back the source/drain regions, as
shown in the resulting structure of Figure 2B, in accordance with an embodiment. Recall that
in the method of Figure 1, the SiGe layer is intended to be a sacrificial layer to be removed in
subsequent processing to expose a surface of the Si substrate, as will be discussed herein. In
embodiments where the SiGe layer is sacrificial, the SiGe layer may comprise 15-30% Ge, in
some cases. Although, in some instances, the sacrificial layer may range from 10% Ge to
pure Ge. Further, the sacrificial SiGe layer may also be undoped, in some cases. Although,
in other cases, the sacrificial layer may have some amount of p-type doping.

In the method of Figure 1', the SiGe layer 218/220' (deposited 108' in the source/drain
cavities 212/214, as shown in Figure 2B") is intended to be a functional source/drain layer. In
such embodiments, the functional SiGe layer may comprise 30-70% Ge, in some cases (e.g.,
to maximize strain for performance reasons). Further, in such embodiments, the SiGe layer is
p-type doped (e.g., B doped), since it is a functional source/drain layer (as opposed to being a
sacrificial layer to be subsequently removed). For example, the B concentration can be in
excess of 1E20 cm™, or any other suitable concentration to allow SiGe layer 218'/220' to be a
functional layer for a p-MOS device. The method of Figure 1' continues with depositing 109
a Si cladding layer on SiGe layer 218'/220' in the source/drain locations, to form the resulting
example structure shown in Figure 2B'".

Depositing 108, 108', and 109 can be carried out, for example, using selective epitaxial
deposition, although any suitable deposition process can be used. For example, depositing
108 and 109 may be carried out in a CVD reactor, an LPCVD reactor, or an ultra-high
vacuum CVD (UHVCVD). In some example cases, the reactor temperature may fall, for

instance, between 600°C and 800°C and the reactor pressure may fall, for instance, between 1
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and 760 Torr. The carrier gas may include, for example, hydrogen or helium at a suitable
flow rate, such as between 10 and 50 SLM. In some example cases, an etching agent may be
added to increase the sclectivity of the deposition. For instance, HCI or Cl, may be added at
a flow rate that ranges, for example, between 50 and 300 SCCM. In cases of p-type doping
(e.g., where SiGe layer 218'/220' is p-type doped), an in situ doping of boron, diluted B,Hg,
may be used (e.g., the BoHs may be diluted in H, at 1-20%). For instance, the diluted B,Hg
may be used at a 3% concentration and at a flow rate that ranges between 10 and 100 SCCM.
In some cases, the deposition may be a graded deposition based on concentration of materials
and/or p-type dopant. Various other suitable deposition techniques may be used as will be
apparent in light of this disclosure.

The methods of Figures 1 and 1' continue with depositing 110 an insulator layer 230
and then polishing/planarizing as commonly done to form the structure shown in Figure 2C.
Note that in the case of Figure 1', cladding layer 222 would be shown on top of functional
SiGe layers 218'/220'. Insulator layer 230 may be formed using materials known for the
applicability in insulator layers for transistor and integrated circuit structures, such as low-k
dielectric (insulator) materials. Such insulator materials include, for example, oxides such as
silicon dioxide (SiO;) and carbon doped oxide (CDO), silicon nitride, organic polymers such
as perfluorocyclobutane or polytetrafluoroethylene, fluorosilicate glass (FSG), and
organosilicates such as silsesquioxane, siloxane, or organosilicate glass. In some example
configurations, the insulator layer may include pores or other voids to further reduce its
dielectric constant.

The methods of Figures 1 and 1' can optionally continue with removing and replacing
112 the gate stack using, for instance, an RMG process, to form the example resulting gate
structure shown in Figure 2D. In such optional cases, the method may include removing the
gate stack (including high-k gate dielectric layer 202, sacrificial/dummy gate electrode 204,
and hardmask layer 206) using an etching process as conventionally done. In alternate
implementations, only the sacrificial/dummy gate electrode 204 (and hardmask layer 206) is
removed. If gate dielectric 202 is removed, the method may include depositing a new gate
dielectric layer into the trench opening. Any suitable high-k dielectric materials such as those
previously described may be used here, such as hafnium oxide. The same deposition
processes may also be used. Replacement of gate diclectric 202 may be used, for example, to
address any damage that may have occurred to the original gate dielectric layer during
application of the dry and wet etch processes, and/or to replace a low-k or sacrificial

dielectric material with a high-k or otherwise desired gate dielectric material. The method
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may then continue with depositing the metal gate electrode layer into the trench and over the
gate dielectric layer. Conventional metal deposition processes may be used to form the metal
gate electrode layer, such as CVD, ALD, PVD, electroless plating, or electroplating. The
metal gate electrode layer may include, for example, a p-type workfunction metal, such as
ruthenium, palladium, platinum, cobalt, nickel, and conductive metal oxides, e.g., ruthenium
oxide. In some example configurations, two or more metal gate electrode layers may be
deposited. For instance, a workfunction metal may be deposited followed by a suitable metal
gate electrode fill metal such as aluminum. Figure 2D illustrates an example high-k gate
dielectric layer 203 and a metal gate clectrode 205 that have been deposited into the trench
opening, in accordance with one embodiment. Note that such an RMG process may be
carried out at a different time in the method of Figures 1 and 1', if so desired.

The methods of Figures 1 and 1' can optionally continue with masking-off 114 n-type
(e.g., n-MOS) source/drain regions (if present) as commonly done to allow contact patterning
so as to open the p-contacts separately from the n-contacts. In such cases, masking-off 114
the n-type regions protects them during subsequent processing of the p-contacts. This can
also offer the benefit that when the n-contacts are independently opened, an n-type specific
metal may be used for contact resistance lowering reasons. Further, additional benefit may
be received as a result of the p and n-contact metals not having to be linked, as in
conventional contact processing. Masking-off 114 can be used in structures intended for
CMOS devices that have both n-MOS and p-MOS transistors.

The method of Figure 1 continues with etching 116 to form source/drain contact
trenches 240 as shown in example resulting structure 2E. As can also be seen, SiGe layer
218/220 is re-exposed for additional processing as a result of performing contact trench etch
116. Because SiGe layer 218/220 is sacrificial in the example method of Figure 1, any
suitable dry and/or wet etch processes can be used. Recall that in the optional case where n-
contact regions are masked-off 114, only p-type contact regions may be re-exposed during
contact trench etch 116.

The method of Figure 1' continues with etching 116' to form source/drain contact
trenches 240' as shown in example resulting structure 2E'. As can also be seen, Si cladding
layer 222 is re-exposed for additional processing as a result of performing contact trench etch
116'. 1In this example method, the contact trench etch 116' may be performed so as to
preserve Si cladding layer 222 for subsequent deposition. In such cases, an etch stop layer
may be used to help preserve Si cladding layer 222 and the etch stop layer (which may be

nitride, carbide, or any other material with sufficiently different etch rates than insulator layer
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230) can be deposited prior to depositing 110 insulator layer 230. Thus, when performing
contact trench etch 116' in cases where an etch stop layer is used, a first etch can be
performed to remove insulator layer 230 from the p-contact regions, but effectively stop at
the etch stop layer, and then a second etch can be performed to remove the etch stop layer,
but effectively stop at Si cladding layer 222.

The method of Figure 1 continues with etching 117 to remove sacrificial SiGe layer
218/220 from the source/drain regions, to form the example resulting structure shown in
Figure 2F. As can be seen in Figure 2F, the source/drain cavities 212/214 that are re-formed
may be the same cavities as, or similar to, the source/drain cavities shown in Figure 2A.
SiGe layer 218/220 (which is a sacrificial layer, in this embodiment) can be removed using an
etch 117 that is selective to Si and insulator materials (e.g., it will effectively not remove Si
or insulator materials, or remove them at a much slower rate as compared to the rate at which
SiGe layer 218/220 is removed). Such selective etches may include, for example, wet etches
including water, nitric acid, organic acid (e.g., acetic or citric), and/or hydrofluoric acid, and
the selective etches may have a usable etch rate of about 300A/min, for example.

The methods of Figures 1 and 1' continue with depositing 118 a p-type Ge-rich material
in the source/drain regions on a Si surface. In the case of the method of Figure 1, the Ge-rich
layer 224/226 is deposited on a surface of Si substrate 200, as shown in the example resulting
structure of Figure 2G. In the case of the method of Figure 1', the Ge-rich layer 224'/226' is
deposited on a surface of Si cladding layer 222, as shown in the example resulting structure
of Figure 2G'. Depositing 118 may be performed as variously described herein (e.g., using
the techniques discussed with reference to depositing 108 and 109, or any other suitable
deposition technique). In some example cases, depositing 118 may be performed processing
that includes maximum temperatures of 550 or 500 degrees C, for example. In such cases,
the processing thermal budget constraints may be dependent on the metal gate material used
for the gate electrode during the optional RMG process described above. In some example
cases, ctching 117 to remove the sacrificial SiGe layer and depositing 118 the Ge-rich layer
can be performed in-situ or without air break.

In some embodiments, the Ge-rich layer material may be comprised of at least 50% Ge.
Therefore, the Ge-rich layer may be comprised of Ge in the range of 50-100%. In some
embodiments, the Ge-rich layer may include Si (e.g., SiGe) and may be comprised of Ge in
the range of 50-99%. In some embodiments, the Ge-rich material may include tin (Sn) (e.g.,
GeSn), with up to 15% Sn. In some such embodiments, the Ge-rich material may also

include trace levels of Si (e.g., <5%). Recall that the Ge-rich layer is a p-type layer and
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therefore is p-type doped (e.g., B doped). In some cases, the p-type Ge-rich layer may be B
doped at levels around 2E20 cm™. Although, in some instances, the p-type Ge-rich layer may
be B doped at levels above SE19 cm™, and up to 5E21 cm™, in some example cases.

The method of Figures 1 and 1' can then continue with depositing 120 source/drain
metal contact plugs 250, resulting in the example structures shown in Figures 2H and 2H'.
The source/drain metal contact plugs 250 may, in some embodiments, include aluminum or
tungsten, although any suitably conductive contact metal or alloy can be used, such as silver,
nickel-platinum or nickel-aluminum or other alloys of nickel and aluminum, or titanium,
using conventional deposition processes. Metalization of the source/drain contacts can be
carried out, for example, using a germanidation process (generally, deposition of contact
metal and subsequent annealing). For instance, germanidation with nickel, aluminum, nickel-
platinum or nickel-aluminum or other alloys of nickel and aluminum, or titanium with or
without germanium pre-amorphization implants can be used to form a low resistance
germanide. The Ge-rich layers can allow for metal-germanide formation (e.g., nickel-
germanium), as will be apparent in light of this disclosure.

The germanidation process can also allow for significantly lower Schottky-barrier
height and improved contact resistance over that in conventional metal-silicide systems. For
instance, conventional transistors typically use a source/drain SiGe epi process, with Ge
concentration in the range of 30-40%. Such conventional systems exhibit external resistance
values of about 140 Ohm-um, limited by epi/silicide interfacial resistance, which is high and
may impede future gate pitch scaling. Some embodiments of the present disclosure allow for
a significant improvement in external resistance in p-MOS devices (e.g., resulting in a 20-
30% current flow improvement for a given operating voltage), which can better support p-
MOS device scaling. Thus, transistors having source/drain regions including a Ge-rich layer
deposited directly on a Si surface as variously described herein, can exhibit relatively lower
external resistance values (e.g., lower contact resistance) compared to conventional

transistors.

Non-Planar Configuration

A non-planar architecture can be implemented, for instance, using finned or
nanowire/nanoribbon configurations. A finned transistor is built around a thin strip of
semiconductor material (generally referred to as the fin). The transistor includes the standard
field effect transistor (FET) nodes, including a gate, a gate diclectric, a source region, and a
drain region. The conductive channel of the device resides on/within the outer sides of the

fin beneath the gate dielectric. Specifically, current runs along both sidewalls of the fin
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(sides perpendicular to the substrate surface) as well as along the top of the fin (side parallel
to the substrate surface). Because the conductive channel of such configurations essentially
resides along the three different outer, planar regions of the fin, such finned designs are
sometimes referred to as tri-gate or finFET configurations. Other types of finned
configurations are also available, such as so-called double-gate finFETs, in which the
conductive channel principally resides only along the two sidewalls of the fin (and not along
the top of the fin).

The methods of Figures 1 and 1' can be applied to non-planar transistor architectures.
Figures 3A-3]J" illustrate example structures that are formed as those methods (of Figure 1 and
1") are carried out for a non-planar transistor architecture, in accordance with some
embodiments of the present disclosure. The previous discussion above with respect to
Figures 1-1' and 2A-H' is equally applicable here, as will be appreciated. Similar numbering
is used to identify the features in Figures 3A-3J' as was used in Figures 2A-H', except that
Figures 3A-3J' include numbering in the 300s, whereas Figures 2A-H' include numbering in
the 200s (e.g., substrate 200 is similar to substrate 300, gate electrode 204 is similar to gate
electrode 304, ctc.) for ease of description. As can be seen in Figure 3A, the non-planar
configuration shown is implemented with a finned structure, which includes substrate 300
and fin 310 extending from the substrate through STI/isolation layer 301.

Figure 3A shows a resulting structure after performing 102 STT on substrate 300, which
in this example case, included recessing the STI material to form fin 310. Figure 3B shows
the structure of Figure 3A after forming 104 the gate stack (including dummy gate electrode
304 and an optional dummy gate dielectric), which in this example embodiment is a
dummy/sacrificial gate stack (however, that need not be the case). Note that spacer 308 is
also formed over the gate stack, in this embodiment, which may have been formed using
spacer deposition and etch as described above. Figure 3C shows the structure of Figure 3B
after etching 106 source/drain regions 312/314. Figure 3D shows the structure of Figure 3C
after depositing 108 sacrificial SiGe layer 318/320. Figure 3D' shows the structure of Figure
3C after depositing 108' functional SiGe layer 318'/320" and Si cladding layer 322. The
sacrificial and functional SiGe layers, as well as deposition of such layers, are discussed
above.

Figure 3E shows the structure of Figure 3D after depositing 110 insulator layer 330.
Figure 3F shows the structure of Figure 3E after removing 112 the dummy gate stack
(including dummy gate electrode 304) to re-expose the channel region 309. Figure 3G shows

the structure of Figure 3F after replacing 112 the dummy gate stack with a new gate stack
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(c.g., with a new gate diclectric and a metal gate clectrode 305). Note that, in some
embodiments, removing/replacing 112 the gate stack may be an optional process, as
previously described. Figure 3H shows the structure of Figure 3G after performing 116
contact trench etch to remove insulator 330 from the regions that will become p-contacts.
Figure 3H also shows optional hardmask 360 on the gate stack. Note that an optional
masking-off 114 of n-contact regions (if present) may have been performed prior to contact
trench etch 116, to only open the p-contact regions. Also note that Si cladding layer 322
would be shown in Figures 3E-H in an embodiment that includes a functional SiGe layer
318320, as will be apparent in light of this disclosure.

Figure 31 shows the structure of Figure 3H after etching 117 to remove SiGe layer
318/320 from the source/drain regions and form source/drain cavities 312/314. As can be
seen in Figure 31, the source/drain cavities 312/314 that are re-formed may be the same
cavities as, or similar to, the source/drain cavities shown in Figure 3C. Figure 3J shows the
structure of Figure 31 after depositing 118 p-type Ge-rich layer 324/326. Figure 3J' shows a
resulting structure after p-type Ge-rich layer 324'/326' has been deposited on Si cladding
layer 322 (after contact trench etch 116" was performed). In this embodiment, SiGe layer
318'/320" is a functional p-type layer, as previously described. Metal plugs (not shown) can
then be deposited 120 in the source/drain regions of Figures 3J/J', as described herein, to
provide contacts for the finned p-MOS device. Due to the layout and design rules, there will
be a population of inactive transistors that have no contact trench or metal plugs. These
dummy devices would retain the originally deposited source/drain material at end of line.

For example, for these dummy devices, the SiGe layer as variously described herein
(whether sacrificial, or functional and clad with an Si layer) may be present in the
source/drain regions, and the p-type Ge-rich layer deposited after source/drain contact trench
etch as variously described herein would be absent.

As will further be appreciated, note that an alternative to the finned non-planar
configuration as shown 1is a double-gate architecture, which would include a
dielectric/isolation layer on top of fin 310. Further note that the example shapes of any layers
(including SiGe layers 318/320 and 318'/320', Si cladding layer 322, and Ge-rich layer
324/326 and 324'/326") are not intended to limit the present disclosure to any particular
source/drain types or formation processes, and other shapes will be apparent in light of this

disclosure (e.g., round, square or rectangular regions may be implemented).
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Figures 4 and 4' show perspective views of nanowire transistor structures formed in
accordance with some embodiments of the present disclosure. A nanowire transistor
(sometimes referred to as gate-all-around FET) is configured similarly to a fin-based
transistor, but instead of a fin, a nanowire is used and the gate material generally surrounds
the channel region on all sides. Depending on the particular design, some nanowire
transistors have, for instance, four effective gates. As can be seen, Figure 4 shows a
nanowire transistor structure formed with a sacrificial SiGe layer and Figurc 4' shows a
nanowire transistor structure formed with a functional SiGe layer, as variously described
herein. Figures 4 and 4' illustrate a nanowire channel architecture having two nanowires 410,
although other embodiments can have any number of wires. The nanowires 410 can be
implemented, for example, with p-channel silicon or germanium or SiGe nanowire. Just as
with the finned configuration shown in Figure 3J, the nanowire configuration shown in
Figure 4 includes Ge-rich layer 424/426 deposited on Si substrate 400 in the source/drain
regions. And just as with the finned configuration shown in Figure 3J', the nanowire
configuration shown in Figure 4' includes Ge-rich layer 424'/426' deposited on Si cladding
layer 422 (which is deposited on functional p-type SiGe layer 418'/420").

Example System

Figure 5 illustrates a computing system 1000 implemented with one or more transistors
configured in accordance with one or more embodiments of the present disclosure. As can be
seen, the computing system 1000 houses a motherboard 1002. The motherboard 1002 may
include a number of components, including but not limited to a processor 1004 and at least
one communication chip 1006, each of which can be physically and electrically coupled to
the motherboard 1002, or otherwise integrated thercin. As will be appreciated, the
motherboard 1002 may be, for example, any printed circuit board, whether a main board or a
daughterboard mounted on a main board or the only board of system 1000, etc.

Depending on its applications, computing system 1000 may include one or more other
components that may or may not be physically and electrically coupled to the motherboard
1002. These other components may include, but are not limited to, volatile memory (e.g.,
DRAM), non-volatile memory (e.g., ROM), a graphics processor, a digital signal processor, a
crypto processor, a chipset, an antenna, a display, a touchscreen display, a touchscreen
controller, a battery, an audio codec, a video codec, a power amplifier, a global positioning
system (GPS) device, a compass, an accelerometer, a gyroscope, a speaker, a camera, and a
mass storage device (such as a hard disk drive, compact disk (CD), digital versatile disk

(DVD), and so forth). Any of the components included in computing system 1000 may
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include one or more semiconductor device structures as variously described herein (e.g., p-
MOS transistor devices including source/drain regions having a Ge-rich layer deposited
directly on a Si surface). These transistor structures can be used, for instance, to implement
an on-board processor cache or memory array. In some embodiments, multiple functions can
be integrated into one or more chips (e.g., for instance, note that the communication chip
1006 can be part of or otherwise integrated into the processor 1004).

The communication chip 1006 enables wireless communications for the transfer of data
to and from the computing system 1000. The term “wireless” and its derivatives may be used
to describe circuits, devices, systems, methods, techniques, communications channels, etc.,
that may communicate data through the use of modulated electromagnetic radiation through a
non-solid medium. The term does not imply that the associated devices do not contain any
wires, although in some embodiments they might not. The communication chip 1006 may
implement any of a number of wireless standards or protocols, including but not limited to
Wi-Fi (IEEE 802.11 family), WiMAX (IEEE 802.16 family), IEEE 802.20, long term
evolution (LTE), Ev-DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA,
TDMA, DECT, Bluetooth, derivatives thereof, as well as any other wireless protocols that are
designated as 3G, 4G, 5G, and beyond. The computing system 1000 may include a plurality
of communication chips 1006. For instance, a first communication chip 1006 may be
dedicated to shorter range wireless communications such as NFC, Wi-Fi, and Bluetooth, and
a second communication chip 1006 may be dedicated to longer range wireless
communications such as GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and others.

The processor 1004 of the computing system 1000 includes an integrated circuit die
packaged within the processor 1004. In some embodiments, the integrated circuit die of the
processor includes onboard memory circuitry that is implemented with one or more transistor
structures as variously described herein. The term “processor” may refer to any device or
portion of a device that processes, for instance, electronic data from registers and/or memory
to transform that electronic data into other electronic data that may be stored in registers
and/or memory.

The communication chip 1006 may also include an integrated circuit die packaged
within the communication chip 1006. In accordance with some such example embodiments,
the integrated circuit die of the communication chip includes one or more devices
implemented with one or more transistor structures as variously described herein (e.g., on-
chip processor or memory). As will be appreciated in light of this disclosure, note that multi-

standard wireless capability may be integrated directly into the processor 1004 (e.g., where
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functionality of any chips 1006 is integrated into processor 1004, rather than having separate
communication chips). Further note that processor 1004 may be a chip set having such
wireless capability. In short, any number of processor 1004 and/or communication chips
1006 can be used. Likewise, any one chip or chip set can have multiple functions integrated
therein.

In various implementations, the computing system 1000 may be a laptop, a netbook, a
notebook, a smartphone, a tablet, a personal digital assistant (PDA), an ultra-mobile PC, a
mobile phone, a desktop computer, a server, a printer, a scanner, a monitor, a set-top box, an
entertainment control unit, a digital camera, a portable music player, or a digital video
recorder. In further implementations, the system 1000 may be any other electronic device

that processes data or employs one or more transistor devices as variously described herein.

Further Example Embodiments

The following examples pertain to further embodiments, from which numerous
permutations and configurations will be apparent.

Example 1 is a transistor device, comprising: a substrate having a channel region; a gate
electrode above the channel region; and source/drain regions formed on and/or in the
substrate and adjacent to the channel region, each of the source/drain regions comprising a p-
type germanium (Ge)-rich layer deposited directly on a silicon (Si) surface, wherein the p-
type Ge-rich layer comprises at least 50% Ge.

Example 2 includes the subject matter of Example 1, wherein the Si surface in the
source/drain regions is a surface of the substrate.

Example 3 includes the subject matter of Example 1, wherein the Si surface in the
source/drain regions is a surface of a Si cladding layer deposited on a p-type silicon
germanium (SiGe) layer.

Example 4 includes the subject matter of Example 3, wherein the p-type SiGe layer
comprises 30-70% Ge.

Example 5 includes the subject matter of any of Examples 1-4, wherein the p-type Ge-
rich layer comprises silicon germanium (SiGe).

Example 6 includes the subject matter of any of Examples 1-4, wherein the p-type Ge-
rich layer comprises germanium tin (GeSn) with up to 15% Sn.

Example 7 includes the subject matter of Example 6, wherein the p-type Ge-rich layer
further comprises up to 5% Si.

Example 8 includes the subject matter of any of Examples 1-7, wherein the p-type Ge-

rich layer is boron (B) doped at levels above 1E20 cm™.
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Example 9 includes the subject matter of any of Examples 1-8, wherein the Si surface is
undoped or has doping levels below 1E19 cm™.

Example 10 includes the subject matter of any of Examples 1-9, further comprising
metal-germanide source/drain contacts.

Example 11 includes a CMOS device comprising an n-MOS device and the subject
matter of any of Examples 1-10.

Example 12 includes the subject matter of any of Examples 1-11, wherein the device
has a planar, finned, nanowire, or nanoribbon configuration.

Example 13 includes an integrated circuit comprising the subject matter of any of
Examples 1-12.

Example 14 includes the subject matter of Example 13, further comprising additional
source/drain regions, wherein the additional source/drain regions lack metal contacts and
comprise a silicon germanium (SiGe) layer.

Example 15 includes the subject matter of Example 14, wherein the SiGe layer
comprises 15-30% Ge and is undoped.

Example 16 includes the subject matter of Example 14, further comprising a Si
cladding layer deposited on the SiGe layer, wherein the SiGe layer comprises 30-70% Ge
and is p-type doped

Example 17 includes a computing system comprising the subject matter of any of
Examples 1-16.

Example 18 is a method for forming a transistor device, the method comprising:
performing shallow trench isolation (STI) on a silicon (Si) substrate having a channel region;
forming a gate stack above the channel region; depositing a sacrificial silicon germanium
(SiGe) layer in source/drain regions adjacent to the channel region; depositing an insulator
material over topography of the gate stack and source/drain regions; performing source/drain
contact trench etch; etching to remove the sacrificial SiGe layer from the source/drain contact
trenches and re-expose a surface of the Si substrate; and depositing a p-type germanium (Ge)-
rich layer in the source/drain contact trenches on the re-exposed surface of the Si substrate,
wherein the p-type Ge-rich layer comprises at least 50% Ge.

Example 19 includes the subject matter of Example 18, further comprising performing
a gate replacement process to replace the gate stack after depositing an insulator material over

topography of the gate stack and source/drain regions.
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Example 20 includes the subject matter of any of Examples 18-19, further comprising
masking-off n-type regions prior to performing source/drain contact trench etch to expose
only p-contact regions.

Example 21 includes the subject matter of any of Examples 18-20, further comprising
depositing metal source/drain contacts on the p-type Ge-rich layer.

Example 22 includes the subject matter of any of Examples 18-21, wherein the p-type
Ge-rich layer is deposited at temperatures of less than 500 degrees C.

Example 23 includes the subject matter of any of Examples 18-22, wherein etching to
remove the sacrificial SiGe layer includes using a SiGe etch that is selective to silicon (Si)
and insulator materials.

Example 24 includes the subject matter of any of Examples 18-23, wherein etching to
remove the sacrificial SiGe layer is a wet etch including water, nitric acid, organic acid,
and/or hydrofluoric acid.

Example 25 includes the subject matter of any of Examples 18-24, wherein the
transistor device is a p-MOS or CMOS device.

Example 26 includes the subject matter of any of Examples 18-25, wherein the device
has a planar, finned, nanowire, or nanoribbon configuration.

Example 27 includes the subject matter of any of Examples 18-26, wherein the SiGe
layer comprises 15-30% Ge and is undoped.

Example 28 includes the subject matter of any of Examples 18-27, wherein the p-type
Ge-rich layer comprises silicon germanium (SiGe).

Example 29 includes the subject matter of any of Examples 18-27, wherein the p-type
Ge-rich layer comprises germanium tin (GeSn) with up to 15% Sn.

Example 30 includes the subject matter of Example 29, wherein the p-type Ge-rich
layer further comprises up to 5% Si.

Example 31 includes the subject matter of any of Examples 18-30, wherein the p-type
Ge-rich layer is boron (B) doped at levels above 1E20 cm™.

Example 32 is a method for forming a transistor device, the method comprising:
performing shallow trench isolation (STI) on a substrate having a channel region; forming a
gate stack above the channel region; depositing a p-type silicon germanium (SiGe) layer in
source/drain regions adjacent to the channel region; depositing a silicon (Si) cladding layer
on the p-type SiGe layer; depositing an insulator material over topography of the gate stack

and source/drain regions; performing source/drain contact trench etch; and depositing a p-
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type germanium (Ge)-rich layer on the Si cladding layer in the source/drain contact trenches,
wherein the p-type Ge-rich layer comprises at least 50% Ge.

Example 33 includes the subject matter of Example 32, further comprising performing
a gate replacement process to replace the gate stack after depositing an insulator material over
topography of the gate stack and source/drain regions.

Example 34 includes the subject matter of any of Examples 32-33, further comprising
masking-off n-type regions prior to performing source/drain contact trench etch to expose
only p-contact regions.

Example 35 includes the subject matter of any of Examples 32-34, further comprising
depositing metal source/drain contacts on the p-type Ge-rich layer.

Example 36 includes the subject matter of any of Examples 32-35, wherein the p-type
Ge-rich layer is deposited at temperatures of less than 500 degrees C.

Example 37 includes the subject matter of any of Examples 32-36, further comprising
depositing an etch stop layer over topography of the gate stack and source/drain regions prior
to depositing the insulator layer, wherein the etch stop layer helps protect the Si cladding
layer during source/drain contact trench etch.

Example 38 includes the subject matter of Example 37, wherein the etch stop layer is
one of a nitride or carbide material.

Example 39 includes the subject matter of any of Examples 32-38, wherein the
transistor device is a p-MOS or CMOS device.

Example 40 includes the subject matter of any of Examples 32-39, wherein the device
has a planar, finned, nanowire, or nanoribbon configuration.

Example 41 includes the subject matter of any of Examples 32-40, wherein the SiGe
layer comprises 30-70% Ge.

Example 42 includes the subject matter of any of Examples 32-41, wherein the p-type
Ge-rich layer comprises silicon germanium (SiGe).

Example 43 includes the subject matter of any of Examples 32-42, wherein the p-type
Ge-rich layer comprises germanium tin (GeSn) with up to 15% Sn.

Example 44 includes the subject matter of Example 43, wherein the p-type Ge-rich
layer further comprises up to 5% Si.

Example 45 includes the subject matter of any of Examples 32-44, wherein the p-type
Ge-rich layer is boron (B) doped at levels above 1E20 cm™.

The foregoing description of example embodiments has been presented for the purposes

of illustration and description. It is not intended to be exhaustive or to limit the present

21

Page 178 of 277



WO 2015/142357 PCT/US2014/031486

disclosure to the precise forms disclosed. Many modifications and variations are possible in
light of this disclosure. It is intended that the scope of the present disclosure be limited not
by this detailed description, but rather by the claims appended hereto. Future filed
applications claiming priority to this application may claim the disclosed subject matter in a
5  different manner, and may generally include any set of one or more limitations as variously

disclosed or otherwise demonstrated herein.
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CLAIMS
What is claimed is:
1. A transistor device, comprising:
a substrate having a channel region;
a gate electrode above the channel region; and

source/drain regions formed on and/or in the substrate and adjacent to the channel
region, each of the source/drain regions comprising a p-type germanium (Ge)-
rich layer deposited directly on a silicon (Si) surface, wherein the p-type Ge-

rich layer comprises at least 50% Ge.

2. The device of claim 1, wherein the Si surface in the source/drain regions is a

surface of the substrate.

3. The device of claim 1, wherein the Si surface in the source/drain regions is a

surface of a Si cladding layer deposited on a p-type silicon germanium (SiGe) layer.
4, The device of claim 3, wherein the p-type SiGe layer comprises 30-70% Ge.

5. The device of claim 1, wherein the p-type Ge-rich layer comprises silicon

germanium (SiGe).

6. The device of claim 1, wherein the p-type Ge-rich layer comprises germanium

tin (GeSn) with up to 15% Sn.

7. The device of claim 6, wherein the p-type Ge-rich layer further comprises up
to 5% Si.
8. The device of claim 1, wherein the p-type Ge-rich layer is boron (B) doped at

levels above 1E20 cm™,

9. The device of claim 1, wherein the Si surface is undoped or has doping levels

below 1E19 em”™.

10. The device of claim 1, further comprising metal-germanide source/drain

contacts.
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11. A CMOS device comprising an n-MOS device and the device of claim 1.

12. The device of claim 1, wherein the device has a planar, finned, nanowire, or

nanoribbon configuration.
13. An integrated circuit comprising the device of any of claims 1-12.

14. The integrated circuit of claim 13, further comprising additional source/drain
regions, wherein the additional source/drain regions lack metal contacts and comprise a

silicon germanium (SiGe) layer.
15. A computing system comprising the device of any of claims 1-12.

16. A method for forming a transistor device, the method comprising;:

performing shallow trench isolation (STI) on a silicon (Si) substrate having a channel
region;

forming a gate stack above the channel region;

depositing a sacrificial silicon germanium (SiGe) layer in source/drain regions
adjacent to the channel region;

depositing an insulator material over topography of the gate stack and source/drain
regions;

performing source/drain contact trench etch;

etching to remove the sacrificial SiGe layer from the source/drain contact trenches
and re-expose a surface of the Si substrate; and

depositing a p-type germanium (Ge)-rich layer in the source/drain contact trenches on
the re-exposed surface of the Si substrate, wherein the p-type Ge-rich layer

comprises at least 50% Ge.

17. The method of claim 16, wherein the p-type Ge-rich layer is deposited at

temperatures of less than 500 degrees C.

18. The method of claim 16, wherein etching to remove the sacrificial SiGe layer

includes using a SiGe etch that is selective to silicon (Si) and insulator materials.
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19. The method of claim 16, wherein etching to remove the sacrificial SiGe layer

is a wet etch including water, nitric acid, organic acid, and/or hydrofluoric acid.

20. The method of any of claims 16-19, wherein the SiGe layer comprises 15-30%
Ge and is undoped.

21. A method for forming a transistor device, the method comprising:
performing shallow trench isolation (STI) on a substrate having a channel region;
forming a gate stack above the channel region;

depositing a p-type silicon germanium (SiGe) layer in source/drain regions adjacent to

the channel region;

depositing a silicon (Si) cladding layer on the p-type SiGe layer;

depositing an insulator material over topography of the gate stack and source/drain
regions;

performing source/drain contact trench etch; and

depositing a p-type germanium (Ge)-rich layer on the Si cladding layer in the
source/drain contact trenches, wherein the p-type Ge-rich layer comprises at

least 50% Ge.

22. The method of claim 21, wherein the p-type Ge-rich layer is deposited at

temperatures of less than 500 degrees C.

23. The method of claim 21, further comprising depositing an etch stop layer over
topography of the gate stack and source/drain regions prior to depositing the insulator layer,
wherein the etch stop layer helps protect the Si cladding layer during source/drain contact

trench etch.

24. The method of claim 23, wherein the etch stop layer is one of a nitride or

carbide material.

25. The method of any of claims 21-24, wherein the SiGe layer comprises 30-70%
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A6 W
A method of fabricating 2 seif-aligned ,& o a{
Schottky junction (28} inrespect of a T {'g 0
semiconductor device. After gate etching { 1L 1 4 § 2
and spacer formation, a recess defining | 1{ || | 3 sl
the junction regions is formed in the L i MU
Silicon substrate (10) and 2 8iGe laver N Ty
(22} is selectively grown therein. A — 3\ 7 @
disleciric laver (24) is then provided over fgw }L \ f [
the gate (14) and the Si0s layer (22), & = b Yo
cortact efch is performed {0 form contact

holes (£6) and the SiGe material (22) s

then removed 1o create cavities (28) in the junction regions. Finally the cavities (28) are
filled with metal to form the junction (29} Thus, a process is provided for seif- aligned
fabrication of a Schotiky junclion having relatively low resistivity, whersin the shaps and
position of the junction can be well contolled.
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2. FURTHER ACTION
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1. This opinion contains indications relating to the following items:

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

m Box No. I Basis of the opinion

I:l Box No. IT Priority

[ ] BoxNo.mr

I:l BoxNo.IV  Lack of unity of invention
g Box No. V

I:l Box No. VI  Certain documents cited
l:l Box No. VII

Certain defects in the international application

Box No. VIII Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66. 1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.
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Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
the international application in the language in which it was filed

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. |:| This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing filed or furnished:

a. (means)

|:| on paper

|:| in electronic form

b. (time)
|:| in the international application as filed.
|:| together with the international application in electronic form.
I:l subsequently to this Authority for the purposes of search.

4. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( July 2011)
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Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;

citations and explanations supporting such statement

1.

Statement
Novelty (N) Claims 1-25 YES
Claims NONE NO
Inventive step (IS) Claims 3-4,16-25 VES
Claims 1-2,5-15 NO
Industrial applicability (IA) ~ Claims ~ 1-25 YES
Claims ~ NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2013-0240989 Al (GLENN A. GLASS ct al.) 19 September 2013

D2: US 2011-0068407 Al (CHIH CHIEH YEH et al.) 24 March 2011

D3: US 2014-0001520 Al (GLENN A. GLASS ct al.) 02 January 2014

D4: US 2013-0248930 Al (YOSUKE SHIMAMUNE ¢t al.) 26 September 2013
D5: US 2011-0014765 A1 (MASAHIRO FUKUDA et al.) 20 January 2011

1. Novelty and Inventive Step
1.1. Claim 1

D1, which is considered to be the closest prior art to the subject matter of claim 1,
discloses a transistor device, comprising: a channel region (120) (see paragraph [0024] and
figure 1A in D1); a gate stack (122) (see paragraph [0024] and figure 1A in DI1); and a
source region (110) and a drain region (112) formed by etching a silicon substrate (102) and
then epitaxially depositing a silicon germanium material (see paragraphs [0023]-[0024], [0029]
and figure 1A in DI1).

Claim 1 differs from D1 in that each of source/drain regions comprises a p-type germanium
(Ge)-rich layer and the p-type Ge-rich layer comprises at least 50% Ge. However, these
differences are merely variations of the disclosure of D1 that the silicon germanium material
has a germanium concentration in the range of 10 to 70 atomic % and boron is implanted into
the source region (110) and the drain region (112) (see paragraphs [0023]-[0024], [0029] and
figure 1A in D1) and a person skilled in the art would arrive at the claimed invention by
general experimentation alone without exercising any ingenuity. Accordingly, claim 1 would
have been obvious over DI1. Therefore, claim 1 lacks an inventive step under PCT Article
33(3).

Continued on Supplemental Box

Form PCT/ISA/237 (Box No. V) (July 2011)
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Box No. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

The phrase "the insulator layer" of claim 23 lacks proper antecedent basis. Therefore, claim 23 does not meet the
requirements of PCT Article 6. (Note: Referring to the description, it seems to be a typo of "the insulator material".)

Form PCT/ISA/237 (Box No. VIII) (July 2011)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V
1.2. Claims 2-10 and 12

Claims 2-10 and 12 are dependent on claim 1.

The additional feature of claim 2 is identical to the feature of D1 in the source region (110)
and the drain region (112) formed by etching the silicon substrate (102) and then epitaxially
depositing the silicon germanium material (see paragraphs [0023]-[0024], [0029] and figure 1A
in DI). Accordingly, claim 2 would have been obvious over D1. Therefore, claim 2 lacks an

inventive step under PCT Article 33(3).

The additional feature of claim 3 differs from these prior art documents in that a Si surface
in the source/drain regions is a surface of a Si cladding layer deposited on a p-type silicon
germanium (SiGe) layer. And it is not obvious to a person skilled in the art by the documents,
taken alone or in combination. Therefore, claim 3 meets the requirements of PCT Article 33(2)

and (3) with respect to novelty and inventive step.

Claim 4 is dependent on claim 3 and therefore meets the requirements of PCT Article 33(2)
and (3).

The additional feature of claim 5 is merely a variation of the disclosure of D1 that the
silicon germanium material has a germanium concentration in the range of 10 to 70 atomic %
and boron is implanted into the source region (110) and the drain region (112) (see paragraphs
[0023]-[0024], [0029] and figure 1A in DI1). Accordingly, claim 5 would have been obvious
over D1. Therefore, claim 5 lacks an inventive step under PCT Article 33(3).

The additional features of claims 6 and 7 are merely variations of the disclosure of D2 that
a p-type FInFET comprises a source/drain region comprising germanium tin (GeSn) (see claim
6 in D2). Accordingly, claims 6 and 7 would have been obvious over a combination of D1

and D2. Therefore, claims 6 and 7 lack an inventive step under PCT Article 33(3).

The additional feature of claim 8 is merely a variation of the disclosure of D1 that boron is
implanted into the source region (110) and the drain region (112) (see paragraphs
[0023]-[0024], [0029] and figure 1A in D1). Accordingly, claim 8 would have been obvious
over D1. Therefore, claim 8 lacks an inventive step under PCT Article 33(3).

Continued on The Next Page
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Previous Page
The additional feature of claim 9 is merely a variation of the disclosure of D1 in the silicon
substrate (102) (see paragraph [0029] and figure 1A in D1). Therefore, claim 9 lacks an
inventive step under PCT Article 33(3).

The additional feature of claim 10 is merely a variation of the disclosure of D1 that contact
metals (325, 327) include silicide/germanide (see paragraph [0042] and figure 3H in DI).
Accordingly, claim 10 would have been obvious over DI1. Therefore, claim 10 lacks an

inventive step under PCT Article 33(3).

The additional feature of claim 12 is merely a variation of the disclosure of D1 in planar
and non-planar transistor structures (see paragraph [0014] in D1). Accordingly, claim 12 would
have been obvious over D1. Therefore, claim 12 lacks an inventive step under PCT Article
33(3).

1.3. Claim 11

Claim 11 relates to a CMOS device comprising an n-MOS device and the device of claim
1. However, this feature can be casily conceived from the disclosure of D1 considering metal
oxide semiconductor (MOS) transistor semiconductor devices used in a complementary metal
oxide semiconductor (CMOS) (see paragraph [0002] in D1). Accordingly, claim 11 would have

been obvious over D1. Therefore, claim 11 lacks an inventive step under PCT Article 33(3).

1.4. Claim 13

Claim 13 relates to an integrated circuit comprising the device of any of claims 1-12.
However, D1 also discloses that an integrated circuit die includes one or more devices
implemented with one or more transistor structures of D1 (see paragraphs [0055]-[0056] and
figure 8 in DI1). Accordingly, claim 13 would have been obvious over a combination of DI
and D2. Therefore, claim 13 lacks an inventive step under PCT Article 33(3).

Continued on The Next Page
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Previous Page
1.5. Claim 14

Claim 14 is dependent on claim 13.

The additional feature of claim 14 is merely a variation of the disclosure of D1 that boron
doped germanium layer (117) is provided between the source layer (110) and contact metals
(125), and boron doped germanium layer (119) is provided between the drain layer (112)and
contact metals (127) (see paragraph [0023] and figure 1A in DI1). Accordingly, claim 14 would
have been obvious over a combination of D1 and D2. Therefore, claim 14 lacks an inventive
step under PCT Article 33(3).

1.6. Claim 15

Claim 15 relates to a computing system comprising the device of any of claims 1-12.
However, D1 also discloses that a computing device (1000) includes one or more transistor
structures of D1 (see paragraph [0053] and figure 8 in D1). Accordingly, claim 15 would have
been obvious over a combination of D1 and D2. Therefore, claim 15 lacks an inventive step
under PCT Article 33(3).

1.7. Claims 16-20

The subject matter of independent claim 16 differs from these prior art documents in a
method for forming a transistor device, the method comprising: depositing a sacrificial silicon
germanium (SiGe) layer in source/drain regions adjacent to A channel region; depositing an
insulator material over topography of the gate stack and source/drain regions; performing
source/drain contact trench etch; etching to remove the sacrificial SiGe layer from the
source/drain contact trenches and re-expose a surface of a Si substrate; and depositing a p-type
germanium (Ge)-rich layer in the source/drain contact trenches on the re-exposed surface of the
Si substrate, wherein the p-type Ge-rich layer comprises at least 50% Ge. And it is not
obvious to a person skilled in the art by the documents, taken alone or in combination.
Therefore, claim 16 meets the requirements of PCT Article 33(2) and (3) with respect to

novelty and inventive step.

Claims 17-20 are dependent on claim 16 and therefore meet the requirements of PCT Article
33(2) and (3).

Continued on The Next Page
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of : Previous Page
1.8. Claims 21-25

The subject matter of independent claim 21 differs from these prior art documents in a

method for forming a transistor device, the method comprising: depositing a silicon (Si)
cladding layer on a p-type SiGe layer; depositing an insulator material over topography of the
gate stack and source/drain regions; performing source/drain contact trench etch; and depositing
a p-type germanium (Ge)-rich layer on the Si cladding layer in the source/drain contact
trenches, wherein the p-type Ge-rich layer comprises at least 50% Ge. And it is not obvious to
a person skilled in the art by the documents, taken alone or in combination. Therefore, claim
21 meets the requirements of PCT Article 33(2) and (3) with respect to novelty and inventive
step.

Claims 22-25 are dependent on claim 21 and therefore meet the requirements of PCT Article
33(2) and (3).

2. Industrial Applicability
Claims 1-25 are industrially applicable under PCT Article 33(4).

Form PCT/ISA/237 (Supplemental Box) (July 2011)
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Tntermational spphication Mo, |{ematonal RIng date

PCT/US2014/031486 (daylmonthyem) ~ y\ March 2014 (21.03.2014)
Applicant '

INTEL CORPORATION et at

f. The apphicant is hershy notified that the interoational search report and the weitien opinion of i Internstional Sesrching
Authority have been established and are ixansmitted hetewith,
Fiting of amendmenis and sigtement under Articke 19
The applicant is entitled, i he so wishes, to amend the claims of the intemnational application {see Rule 46):
When? The time limit for fling such amandments is norally two months fom the dats of transmittal of the
international search repott.
How? Dicouly o the lntermations! Burean of WIPO prefurshly through ¢ PCT or on paper to, 34 chemin dog
Colombettes 121 Ganeva 20, Switzeriand, Fresimile No.» +41 23 338 82 70
For more detalled lnstructions, ses PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9011,

2. {T] Theapplicant is hereby notified that no internations] search report wil be sstablished und that the decleration uader
Asticle T7(2)a) tor that effect and the written opinion of the Internaions] Searching Authority are transmitied berewith.

3. {1 With regard toany protest sgainst payment of (an) additional fec(s) under Rule 40,2, the appllcant is notified thatt
Dmmwmmmmmmmmmmmmummsmmmm
request o forward the texts of both the protest and the decision thereon to the designated Offtess.

Dnndacisix:mhasheenmdeyammmmuppﬁamMﬂbemﬁﬁedasmasndenisimismad&
4. Reminders
The applicant sy subenit comments on an informal basiz on the weitten opinion of the Intemationa! Searching Autharity % the
Im?ngumnlm.mmmﬁmm“ggm? :?;guchm&m;amtsmaﬂ? ﬁ?ﬁmmﬁe}c&é&mmnﬁg&m&m
prefiminary examination report has beew or i3 to be estahlis owing the expimtion of 30 months S the prinrity date, these
commends will also be made availahle to the pablic,

afler the axpiration of 18 months fom the priority dute, the internations! spplication will be published by the International
Burean. if the spplivant wishes to svoid mg@mompubﬁmﬁm, anotice of withdrawsl of the intemational spplication, or of the
gnmxty <:iaimTT s;tést teqch the Interational Bureau before the completion of the tachnical preparations for interaationsl publication

8.3},

Within 19 months from the priority date, but only in respect of some designated Offices, & demand for inferaational peoliminar
examination muat be filed if the applicant wishes 1o poatpons the entry into the national phase until 30 months from the priority date
{in some Offices even Iater); otherwise, the applicant must, withis 10 months from the priod &m@faﬂn the presoribed acts for
entry into the nationat before those desagnated Offices, In mspect of other designated : tions Hindl of 30 reouths {or
lnter) witl apply even if no demand is filed within 19 roonths. For details shout the Gﬁﬁ&mbﬁn time timits, Office by Difice, see
mmipc.mﬂ%cﬂcnflex&ﬂimjmmmml and the PCT Applicant's Guide, National Chapters,

Within 19 months from the peiority date, the apphicant that 2 supplementary intemations! scarch be carried out by an
International Se&mhmgé\mpg. tkgt offers ﬁﬁspsr;wm mau%e ﬁbis,l)\ The procadurs for requesting supplementary intemational
search by deseribed in the PCT Applicant’s Guide, International Phase, paragraphs 8.006-8.032,

Name and meiling address of the ISA/KR Authorizad offi
oy of the 8

oner D50 2 3 200

Facsimile No, 82424727140 Telephons No. §242-481 HCEIVED :
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International application Ne. Internadonal filing date fdap/imonthivear} {Batiest) Priority Date fdawmonthipecr}
PCT/US2014/031486 21 March 2014 (21.03.2014)

Applicant

INTEL CORPORATION ot 2l

This International search report has been prepared by this fnternaetional Searching Awthodty and is transraitiad to the applicant according
te Article 1R, A copy is being transmitted to the International Buresu.

This duternational search sepott consists of a total of 4 sheets,
D It is wheo necompanied by # sopy of sach prior art document cited in thiy mpost,

1. Basis of the repart
a. With regand to the language, the interaational search was curried nut on the basfs of )
the international application in the language in which it was fled

C} & iranglation of the intemnationa! spphicationinte . which is the lapguage of 2
tranziation fiurnished for the purposes of intemational search (Rudes 12,38} and 23,1663}

t. [ ‘This ateenational search report has bean csiablished taking into account the rectification of s obvioas mistake
antbotizsd by or notified ta this Authority undes Rusle 91 {Rule 436838},

£ [] With regard to any nacleatide snd/or amine acld seqoence disclosed in the internationsd application, see Box No. 1.
2 [ ] Certaia claims were found nnsearchable (See Box No. 1)
3. [T} usity ofinvention ia Iacking (Sec Box Ne. il

4. Witk regard ta the title,
I5¢] the text is approved s submitied by the applicant.
[]memmmmimm this Autfiority to tead as Solfows:

5. With rogard ts the abstract,
the taxt i3 approved 8s submitted by the applicant
{ ] the text has been established, acconding to Rule 38.2, by this Authority 2t appears in Box No. TV, The applicast
may, within one month from the date of mailing of this international search repors, subwmit comments to this Authoeity.

$.  With regard to the drawings,
& the figare of the drawings i be published with the abetract & FlgareNo, 1
Dnmmdb}f the spplicant.
as selected by this Authority, because the applicant failed to suggest & igure,
[ s setected by this Authority, because this figure better characterizes the invention.
b. [ | none of the figures is to be publishad with the shstract

Form PCTASA/LID [first shewr) (uly 2009
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HO1L 29/78(2006.01 ), HOLL 21/33602006.01)%, HOIL I9/54(2006.01), HOIL 21/8238Q1006.01

According to Irdernational Patent Classification (TRC) or to both national slagsification aad IPC

8. FIRLDS BFARCHED

Msmmum documentation smhad {ﬁm:ﬁeﬁm systm faiiﬂwed hy clm:fim symm!s)
HOIL 29/78; HOUL 29/167; HOTL 21/336; HOIL 21/338; HOIL 27/092; HOLL 29/404; HOIL 21/823%

Documentation searched ather than minimun doctmentation 1o the extent that such dosuments ars inchaded in the Selds ssarched
Korean utility models snd spplications for utility models
Japanese utility modets and apphications for utihity mudels

Electronic data base consulted during the internstional search (same of dutr base and, where peacticable, search terms nsed)
<KOMPASB(XIPO internal) & Keywords: transistor, souroe/drsin, p-type, germanium

C. DOCUMENTS CONSIDERED TG BE RELEVANT

Category? Ciintlon of document, with indication, whete appropriste, of the relevant pessages Relevant to claim No.

4 {8 2013-0240880 AL {GLENN A. (LASS et 2l.} 19 Septesber 2013 1-2,5.8~12
See shstract, paragraphs {60021, {0014}, [oo22)-foo4s]. [00521~{0056] and
figures 1A-4, 8. i

Y 87,1315

A 34,1628

¥ {5 2013-0068407 Al (CHIH CHIEH YRH et al.) 24 March 2031 §-7,13~15
See abstraet, parsgraphs [00181-{00261, claims I, 6 and figures 2-9.

A 15 2014-0001520 AL (GLBNN A. GLASS et al.) 02 January 2014 1-25
See shstract, paragraphs [00181-[00301 and figures 1A-1C.

A US 20130248930 Al (YOSIKE SHIMAMINE et a1.) 28 September 2018 135
See shatract, paragraphs [00771-[0111] and figures 3-8D,

A US 20131-0014765 Al (ASAHIRO FURKIDA et al.) 20 Janusey 2011 1-25
See ghstract, paragraphs [0021]-{0044] and figures IA-3F.

D Further documents are listed in the continuation of Bex C.

See patent faraily annex,

« Special categorise of ited documents:

*A®  document defining the general stue of the art which ia oot considered
15 be of particulsr relevance

eariicr application or patest tuw publishad on or after the intaenaxional
filing date

document which sy throw doulna on priority chim{s) or swhick i

citedd to 2atabiish the publication date of another citaion of ather

spccﬁsl m(asspmf‘md}

e

g &

fater document published after the frnatnasional filing duts of peiorhy
datz and ot {0 conflict with the application buf cited to understand
the peincipls or thevry underdylng the invention
document of particuler relevance; the claimed invention canne be
eonsidesed novel or canmot b considered to involve an investive
siep when the document is taken afone
dovment of particular relevance; the clafmed invention camnat &e
considered to Invalve an inventive step when the documens is

st

189 Cheongeaa, Seogu, Decjcos Mutropotites City, 303101,
Reupublic of Korea
Fncs:mne No. +82-42-472-7140

0® documant aefrering i an orel disclosurs, use, Sxhibition or sther eomiriced with one or more sther such documentesich combination
being ohvious in 2 parson skilled in the att
xg mzmwmmmemmmﬁmmm Batuse %" document member of the same patent family
than the peiority dete claimed
Date of the actual mpiedon of the international search Dase of maiting of the interpations) ssarch raport
15 December 2014 (15.12.2014) 15 December 2014 (15.12.2014)
Name and maiting address of the ISAKR Authorized officer
Koness Tnelactoal Property Oifier

KiM, Tas Hoon

Telophone No. +82-42-431-8407

Form PCTASAZLS {second sheet) (Tuly 2009)

Page 226 of 277




INTERNATIONAL SEARCH REPORT rgeenational application No.
Information on putent family mumbers PUTIUSI014/031486
Patent document Pubfication Pateat tamily Publication
cited in search nepoct date metmber(s) date
US 20130240889 Al 18/09/2013 CN 103270597 A 28/08/2013
€N 103270598 A 28/08/2013
(N 103270585 A 2870872013
N 103320274 A 25/08/2013
EP 2656389 Al 30/1072013
£P 2656380 A4 10/08/2014
£P 2686381 A2 3071072013
EP 2658391 M 10/08/2014
B 2856392 A2 30/10/2013
AP 2656392 A4 10/00/2014
P 2656303 Al 30/10/2018
BP 2656393 A4 10/00/2014
IP 2001-167580 A 22/06/2001
JP 2014-501452 A 20/0172014
JP 2014504453 A 20/0272014
JP 2014-507792 A 27/03/2014
JP 2014-508396 A 03/04/2014
JP 3883330 B2 2741272008
KR 10~0512501 Bl 06/00/2005

KR 10-2013-0088178 A 07/08/2013
KR 10~2013-0088188 A 4740872013
RR 10-2013-0111582 A 10/10/2013
KR 16~2013-0111505 A 1641072013

S 100998 Al 31/07/2013
5G 191003 Al 3140772013
56 191004 Al 3170772013
56 191006 AL 31/07/2013
W 201242022 A 1671072012
TV 497268 A G1/08/2002
US 2002-0114207 Al 22/08/2002
US 2006-0146810 Al 06/07/2008
US 2007-0088433 AL 18/03/2007
US 2007-0223280 Al a7/0072007
US 20080266965 AL 3071072008
US 2009-0323416 AL 3171272009
{5 20110086598 &1 28/64/2011
{5 2012-0153387 Al 21/06/2012
U5 20130248503 Al 26/09/2013
US 2013-0264838 Al 10/10/2013
US 6373746 B1 16/04/2002
US 7177196 B2 18/02/2007
{8 7195932 B2 2770342007
US 7342825 B2 11703/2008
US 7394605 B2 Q170772008
U8 7864592 B2 04/01/2011
HS 7569784 B2 2870672011
¥0 2012-087403 AL 28/06/2012
#0 2012-087404 AL 28/06/2012
WO 2012-087581 A2 28/08/2012

Form PCT/ISA/ZI0 (patent family ancex) (uly 200%)

Page 227 of 277




INTERNATIONAL SEARCH REPORT Tntermational application No.

Information o paent family members PCT/US2014/031486
Patant docutmeant Publication Patent family Publication
sited i search report date membe(s} date

¥ 2012-087581 A3 07/09/2012
i WO 2012-088097 A2 287062012
i #O 2012-088097 A3 2671072012
f S 2011-0068407 Al 2470872011 (N 102034866 A 27/04/2011
; £N 102034868 B 18/12/2012
JIP 2011-071517 A 07/04/2011
i IP 2013~243081 A 0571272013
KR 10-2011-0033033 & 20/03/2011
i T 201133783 A 01/10/2011
i
U5 2014-0001580 Al 02/01/2014 None
§ US 2012-0248030 Al 26/09/2013 CN 1797783 A 05/07/2006
' DE 802005021196 Bl 24/06/2010
B 1677360 A2 05/07/2006
! EP 1677360 A3 0570872007
! RP 1877360 Bl 127052010
! 3P 2006-186240 A 13/07/2008
IP 4369359 B2 1871142008
{ ER 10~0657395 Bi 20/12/2006
| KR 10~2006-0076150 A O4/07/2006
: T¥ 258218 B 1170772006

HS 2006-0138308 Al 20/08/2006
: US 2008~0134381 AL 28,/05/2009
! S 2010-0301394 Al 02/12/2010
*_ S 7667227 B2 23/02/2010
| US 7791064 B2 07/09/2010
s S 8466450 R2 18/0672013
US 8853673 B2 0771072014
; US 2011-0014765 Al 2040172011 JP 2008~182080 A 21708726008
; JP 5141020 B2 13/02/2013
§ US 2008~0185612 Al 07 /08/2008
. S 8232191 B2 31/07/2012
b
t
I

Farm PCT/ASA/210 (patent family snnex) (July 2008y

Page 228 of 277



PCT/US2014/031486

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

Te
BRODSKY, STEPHEN 1

FINCH & MALONRY PLLC C/O CAP GLOBAL P.O. BOX
52050 MINNEAPOLIS MN 35402 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PET Rule 43b12.1)

et
Daie ST a8 15 Docember 2014 (15.12.2014)

Applicant's or agent's file reforence FOR FURTHER ACTION

P83565PCT See paragraph 2 below
International application No. Intamnational fifing date fdaimontiier) Priority datefdapmantivyesr}
PCT/US2014/031486 21 March 2014 (21.03.2014)

Tternationsl Patent CIBNSInAROD (LPLT OF DO DENANRA] CIRSINCANGN and 1PL
BOIL 2%/78¢006.01}8, HOIL 21/336(2006.01)1, HOLL 29/04(2008.01)% HOIL 21/8238(2666.01}

'\ppiiéam'
INTEL CORPORATION et al

f.

X g

BoxNe.!  Basis of the opinion
BoxNoe. I Priority

L0

BoxNo. 1V Lack of unity of invention

X

BoxNo. VI Centain documents cited

.

%:

2. FURTHER ACTION

For further options, see Farm PCTASAL20,

is opinton containg indications relating to the following iterns:
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Box No, 1 Basiy of this opinion

{. With regard to the lapguage, tiis opinion has besn established on the bagis of
the international application in the languags in which it was Sted

D & translation of the: international application into

which is the language of a

ta this Autharity under Rule 91 (Rule 435ix.1{3)}

estrblished on the basis of @ seguence listing Nled or furnished:
a {means}

[T} on papes

B i efectronic form
b {time)

[T} inthe intemational application s filed.

] together with the intemational application in clectronic fam.

E] subseguently to this Authority for the purposes of scarch,

a0t go beyond the application as flled, 23 appropriate, were furnished.

S, Additionsl comments:

franslation furnished for the purposes of international search (Rules 12.3(s) and 23, 1{bY)
z B This opinion has been established taking into account the rectificathon of an obvious mistake suthorized by or potified

3. With regard to ay nucleotide andior amino acid segoence disclosed in the international appiication, this opinion hes beea

4, [] In addition, in the case that more than one version o copy of 8 sequence fisting has been filed or furnished, the required
statements thes the inforeution in the subsaguent or additioan! copies is identical to that in the spplication ss filed or does

Form PCTASAZY? (Box No. 1Y July 2011
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WRITTEN OPINION OF THE International application No,
INTERNATIONAL SEARCHING AUTHBORITY PLTIURI014/031486

Box No, V Reazowed statement nmder Rude £3bis. 1{a){f) with regard to novelty, inventive step or industrigt applicability;
citettuns sad explansiions supporting such statement

{, Statement
Novelty (N Claimy 123 — T -
Claim¢  NONR NG
Tnventive siep (15) Claims _$4,1635 , I ¢
Industrial applicabllity 1A} Claims 123 YES
Claims  NONE NO

2. Citations and explanations

Reference i3 made to the following documents:

Di: US 2013-0240989 Al (GLENN A. GLASS et al) 19 September 20413

D3: US 2014-0001520 Al {GLENN A. GLASS et al} 02 Janvary 2014

Déd: US 20130248930 Al (YOSUKE SHIMAMUNE ¢t al) 26 September 2013
D5 US 2011-8014765 Al (MASAHIRO FUKUDA et al} 20 Janpary 2011

1. Nowelty and Fnventive Step
1.5 Clsim &

D1, which is considered to be the closest prior st to the subject matter of claim 1},
discloges 2 trangistor device, comprising: a chamnel region (120} (see paragraph [0024] and
figure {A in DI} a gate stack (122} (see paragraph [0024] and Bgwe 1A in DI); and 2
gource region {110} and a drain region (112) formed by etching a silicon substrate (102) and
then epitaxially depositing a silicon germanium material (sce paragrapbs {B023}{0024], [0029]
and figure 1A in D).

Claim 1 diffcrs from D1 in that each of source/drin regions comprises a p-type germanium
(Ge)richk layer and the pdype Gerich layer comprises at feast 50% Ge. However, these
differences are mevely vadiations of the disclosure of D1 that the silicon permanium materisl
has a germanium concentrstion in the range of 10 fo 70 atomic % and boron is implanted into
the source region {110) and the deain region (112) (se¢ paragraphs {0023]40024%, [0029] and
figure A in DI) and a porson skilled in the ant would amive at the claimed invention by
general experimentation alone withowt exercising any ingenuity. Accordingly, claim 1 would
have been obwvious over DI, Therefore, claim 1 lacks an inventive step under PCT Article
3303).

Continued on Supplemental Box

Form PCTASA/237 {Box No, ¥y (July 201 1)
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Box No, VIH Certain ohservations on the lnternational apphication

The following observations on the clarity of the claims, doscription, and drawings or on the guestion whaiber the claims are fully
supported by the description, are made;

The phrese “the insnlator Iaver® of claim 23 lacks proper antenedent basis. Therefore, claim 23 does not mest the
requirements of PCT Asticle 6. (Note: Referring to the description, it seems fo be a typo of "the insulstor material™)

Form PCT/ASA/ZIT (Box Ne. VI July 2011)
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Sapplementat Box

n case the space in any of the precading boxss s ot sufficient,
Contination of: Box No. ¥V
1.2. Claims 2-10 and 12
Claims 2-10 and 12 are dependent on olaim 1.

The additional feature of ¢laim 2 is identical to the feature of DI in the sowree region {110)
and the drain region (112} formed by eiching the silicon subsirate (102) and then epitaxially
depositing the silicon germanium material (see paragraphs [0023]-{0024], [0029] and figure 1A
in B1). Accordingly, claim 2 would have been obvious ower DI Therefore, claim 2 lacks an
inventive step under BCT Article 33(3).

The additionsl feature of claim 3 differs from thess prior ant documems in that 3 §i surface
in the source/drain regions is & surface of a Si cladding layer deposited on & p-type silicon
germanium (SiGe) layer. And it is not obvious io a person skilled in the art by the documents,
taken alone or in combination. Therefore, clsim 3 meets the requirements of PCT Asticle 33(2)
and (3} with respect fo novelty and inventive step.

Claim 4 is dependent on claim 3 and thevefore meets the requirements of PCT Asticle 33(2)
and (3).

The additional festure of claim § i3 merely a variation of the disclosure of DI that the
silicon germanium material has 8 gormanium concentration in the range of 10 o 70 stomic %
and boron is implanted into the source region (110) and the drain region (112) (see paragraphs
[0023}1-{0024], [0029] snd figuwre 1A in DI). Accordingly, claim 5 would have besn obvious
over D1, Therefore, claim 5 lacks an inventive step under PCT Article 33(3).

The additional features of claims 6 and 7 are merely varistions of the digclosure of D2 that
a ptype FinFET comprises a source/drain region comprising germanium tin {GeSn) (see chim
6 in D2). Accordingly, claims 6 and 7 would have been obvious over a combination of DI
and D2, Therefore, claims 6 and 7 lack an inventive step under PCT Article 33(3),

The additionsl feature of claim 8 is merely a variation of the disclosure of D1 that boron is
implanted into the source region (110) and the dmin region (112) {see paragraphs
{00231-40024], [0029] and figure 1A in D). Accordingly, claim 8 would have been obwious
over DI, Therefors, claim 8 lacks an inventive step under PCT Asticle 33(3).

Continued on The Next Page

Form BCT/ISAZEYT (Supplemental Box) (fuly 2011)
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Supplementsl Box

In case the space in any of the precoding boxes is not sofficient.
Continuation of : Previous Page
The additional feature of claim 9 is merely a varigtion of the disclosure of D1 in the silicon
substrate (102} (see paragraph [0029] and figure 1A in D1). Therefore, claim 9 lacks an
inventive step under PCT Asticle 33(3).

The additional festure of claim 10 is merely a variation of the disclosre of DI that contact
metals (325, 327) include siticide/germanide (sce paragraph [0042] and figure 3H in DI
Accordingly, claim 16 would have been obvious over DI Therefore, claim 10 Jacks an
inventive stey under PCT Acticle 33(3).

The additional featwe of claim 12 i3 merely a variation of the disclosure of D1 in planar
and non-planer tranzistor structures (see parsgraph [0014] in DI} Accordingly, cleim 12 would
have been obvious over DI Therefors, claim 12 lacks an inventive step under BPCT Article

33(3).

1.3, Claim 11

Claim [ relates fo a8 CMOS device comprising an n-MOS device and the device of claim
1. However, this feature can be sasily concsived from the disclosure of DI considering metal
oxide semiconductor (MOS) transistor semiconductor devices used in a complementury metal
oxide semiconductor (CMOS) (see paragraph {0002} in D1). Accordingly, daim 11 would have
been obvious over DI, Therefore, claim 11 lacks an inventive step under PCT Anticle 33(3).

14, Claim 13

Claim 13 relates to an imtegrated cirenit comprising the device of any of claims 1-12.
However, Dl alse discloses that an integrated circuit die includes ome or more deviges
implemented with one or more tansistor structures of DI (see paragraphs [0055}-{0056] and
figure 8 in DI1). Accordingly, claim 13 would have been obvious over a combination of DI
and D2. Therefore, claim 13 lacks an inventive step umder POT Asticle 33(3).

Continued on The Next Page

Form POTASASY (Supplemental Box) (luly 201 1)
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L5, Clsim 14
Claim 14 is dependent on claim 13,

The additional feature of claim 14 i3 mevely a variation of the disclosure of DI that boron
doped germantum fayer (117) i provided between the souwrce layer (110) and contsct metsls
{125), and boron doped germanium layer (119) is provided between the drain layer (112)and
contact metals (127) (see paragraph [0023] and figure 1A i Di). Accordingly, claim 14 would
have heen obvious over a combination of DI and D2, Therefore, claim [4 lacks an inventive
step under PCT Article 33(3).

14. Claim 1§

Claim 15 relates to a computing system comprising the device of asy of claims i-12.
However, D1 also discloses that o computing device (1000) includes one or more transistor
stroctures of D1 (sce paragraph [00353] and figure 8 in DI}, Accordingly, claim 15 would have
been obvious over a combingtion of DI and D2, Thergfore, claim 15 lacks an mventive step
under PCT Article 33(3).

1.7, Claims 16-20

The subject malter of independent claim 16 differs from these prior art documenis in a
method for forming 2 trensistor device, the method comprising: depositing a2 sscrificial silicon
germanium (8iGe) layer in source/drain regions sdjacent to A channel regionm; depositing an
insulator material over topography of the gate stack and source/dein regions; performing
souwrce/drain  contact trench etch; etching to remove the sacrificial SiGe layer from the
source/drain contact trenches and re-expose 8 surface of a Si substrate; and depositing a p-type
germanium {Gelrich Jayer in the sourceddrain contact tronches on the reexposed surface of the
8i substrate, whereln the p-iype Ge-rich layer comprises at least 50% Ge. And it is not
obvious to a person skilled in the art by the documents, faken alome or in combination
Therefore, claim 16 meets the requirements of PCT Anticle 33(2) and {3) with regpect to
novelty and mventive step.

Claims [7-20 are dependent on claim 16 and therefore meet the requirements of PCT Anticle
33(2) and (3).

Continued on The Next Pags

Form PCT/ISA/Z3T (Supplements! Box) (July 2011)
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Continuation of : Previous Page
L8, Claims 21-25

The subject matter of independent claim 23 differs from these prior art documents in a

method for forming a2 transistor device, the method comprising: depositing a silicon (Si)
cladding layer on s p-type SiGe layer; depositing an insuleior material over topography of the
gate stack and source/drain roglons; performing source/drain contact trench etch; and depositing
a peiype germsniumy (Gelrich layer on the Si cledding layer in the source/drain contact
trenches, whersin the p-type Ge-rich layer comprises af least 50% Ge. And it ik not obvious o
a person gkilled in the art by the documents, taken alone or in combination, Therefore, claim
21 meets the requirements of PCT Asticle 33(2) and (3} with respect to novelly and inventive
step.

Clahms 22-25 are dependent on clsim 21 and therefors meet the requirements of PCT Article
33(2) and (3),

2. Industrial Applicability
Claims 1-25 sre industrially applicable under PCT Article 33(4).

Porm PCTASASZY? (Supplemental Box) (fuly 2011)
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For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

99256 7590 09/18/2019 Certificate of Mailing or Transmission
Finch & Maloney PLLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
i States Postal Service with sufficient postage for first class mail in an envelope
50 Commercial Street addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Gateway One. Suite 300 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
b
Manchester, NH 03101 (Typed or printed name)
(Signature)
(Date)|
| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/199,445 11/26/2018 GLENN A. GLASS P63565US-C1-C1 3329
TITLE OF INVENTION: TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 12/18/2019

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HAN, JONATHAN 2818 257-192000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of upto 2

- . o e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

|95

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: [Jissue Fee [Ipublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Blectronic Payment via EFS-Web [ Enclosed check [) Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/199,445 11/26/2018 GLENN A. GLASS P63565US-C1-Cl1 3329
| EXAMINER |
99256 7590 09/18/2019
Finch & Maloney PLLC HAN, JONATHAN
50 Commercial Street
Gateway One, Suite 300 | ART UNIT PAPER NUMBER |
Manchester, NH 03101 2818

DATE MAILED: 09/18/2019

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
] - 16/199,445 GLASS et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
JONATHAN HAN 2818 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.4 This communication is responsive to 11/26/2018.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2. An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MAIl by (JSome  *c) [J None of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.LJ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 01/03/2019.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

[JONATHAN HAN/
Primary Examiner, Art Unit 2818

U.S. Patent and Trademark Office :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190910
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Application/Control Number: 16/199,445 Page 2
Art Unit: 2818

DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Reasons for Allowance
2. The following is an examiner’s statement of reasons for allowance:
3. With respect to claims 1-12, none of the prior art teaches or suggests, alone or in
combination, an integrated circuit, comprising: a non-planar body comprising
semiconductor material; a source region adjacent the non-planar body, the source
region including a first portion, the first portion including germanium at a concentration
of at least 50 atomic percent throughout the first portion, wherein the first portion is in
direct contact with a surface that consists essentially of silicon; and a drain region
adjacent the non-planar body, the drain region including a second portion, the second
portion including germanium at a concentration of at least 50 atomic percent throughout
the second portion, wherein the second portion is in direct contact with the surface that
consists essentially of silicon.
4. With respect to claims 13-16, none of the prior art teaches or suggests, alone or
in combination, an integrated circuit, comprising: a source structure to one side of the
gate structure and abutting the fin structure, the source structure including a first
portion, the first portion including germanium at a concentration of at least 50 atomic
percent throughout the first portion, wherein the first portion is in direct contact with a

surface that consists essentially of silicon; a drain structure to an opposite side of the
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Application/Control Number: 16/199,445 Page 3
Art Unit: 2818

gate structure and abutting the fin structure, the drain structure including a second
portion, the second portion including germanium at a concentration of at least 50 atomic
percent throughout the second portion, wherein the second portion is in direct contact
with the surface that consists essentially of silicon; a first contact structure on the first
portion of the source structure and including a metal-germanide; and a second contact
structure on the second portion of the drain structure and including a metal-germanide.
5. With respect to claims 17-20, none of the prior art teaches or suggests, alone or
in combination, an integrated circuit, comprising: a nanowire or nanoribbon comprising
semiconductor material; the source structure including a first portion, the first portion
including germanium at a concentration of at least 50 atomic percent throughout the first
portion, wherein the first portion is in direct contact with a surface that consists
essentially of silicon; a drain structure to an opposite side of the gate structure and
abutting the nanowire or nanoribbon, the drain structure including a second portion, the
second portion including germanium at a concentration of at least 50 atomic percent
throughout the second portion, wherein the second portion is in direct contact with the
surface that consists essentially of silicon; a first contact structure on the first portion of
the source structure and including a metal- germanide; and a second contact structure
on the second portion of the drain structure and including a metal-germanide.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 16/199,445 Page 4
Art Unit: 2818

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JONATHAN HAN whose telephone number is (571)270-
7546. The examiner can normally be reached on 9.00-5.00PM PST.

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, STEVEN LOKE can be reached on 571-272-1657. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JJONATHAN HAN/
Primary Examiner, Art Unit 2818
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 16/199 445 GLASS et al.
H““HH” H”“” ” H“W . s
JONATHAN HAN 2818

CPC - Searched*
Symbol Date Examiner
HO01L29/7848 or H0O1L21/30604 or HO1L29/167 or HO1L21/02532 or JJH
HO01L29/0649 or HO1L21/76224 or HO1L29/0847 or HO1L29/45 or
HO01L27/0924 or HO1L21/823878 or H01L29/66545 or H0O1L29/165 or 09/10/2019
HO01L29/66636 or HO1L29/41783 or B82Y10/00 or HO1L29/0673 or
HO1L29/775 or HO1L21/823821 or HO1L21/823807 or H01L21/823814
or HO1L29/78
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the

search.

Search Notes

Search Notes Date Examiner
Performed text, inventor and class search 09/10/2019 JJH
Performed search based on parent application 09/10/2019 JJH
Reviewed IDS 09/10/2019 JJH
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

see EAST Search History 09/10/2019 JJH

/JONATHAN HAN/
Primary Examiner, Art Unit 2818

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |ie199 445 GLASS et al.
H “ “““ “‘ Examiner Art Unit
JONATHAN HAN 2818
CPC
Symbol Type Version
HO1L | 7848 F 2013-01-01
HOAL | 823807 | 2013-01-01
HO1L { 823814 [ 2013-01-01
HO1L | 823821 | 2013-01-01
Ho1L { 66795 I 2013-01-01
HOAL | 785 | 2013-01-01
HO1L { 42392 | 2013-01-01
HO1L | 78696 | 2013-01-01
B82Y { 00 I 2043-01-04
HO1L {775 | 2012-01-01
HO1L | 0673 [ 2013-01-01
Ho1L 41783 | 2013-01-01
HO1L { 66545 [ 2013-01-01
HO1L { 66636 | 2013-01-01
HO1TL | 165 [ 2013-01-01
HO1L { 66628 [ 2013-01-01
HO1L | 161 [ 2013-01-01
HO1L | 02532 | 2013-01-01
HO1L { 30604 [ 2013-01-01:
HO1L | 76224 ! 2013-01-01
HO1L | 823878 [ 2013-01-01
HO1L | 0924 | 20130101
HO1L { 0649 [ 2013-01-01
HOAL | 0847 | 2013-01-01
HO1L { 167 I 2013-01-0¢
HO1L { 45 | 2013-01-01
HO1L {78 A 2013-01-01
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 20
gfg:ggﬁ:mﬂéﬁ’/pn Unit 2818 10 September 2019 O.G. Print Claim(s)| O.G. Print Figure
(Primary Examiner) (Date) 1 2H'
U.S. Patent and Trademark Office Part of Paper No.: 20190910
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |ie199 445 GLASS et al
H “ “““ |“ Examiner Art Unit
JONATHAN HAN 2818
CPC Combination Sets
Symbol Type Set Ranking Version

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 20
/JONATHAN HAN/ 10 September 2019 . . A
Primary Examiner, Art Unit 2818 O.G. Print Claim(s)| O.G. Print Figure
(Primary Examiner) (Date) 1 2H'

U.S. Patent and Trademark Office Part of Paper No.: 20190910

Page 2 of 4

Page 252 of 277




Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |ie199 445 GLASS et al.

H “ “““ |“ Examiner Art Unit
JONATHAN HAN 2818

INTERNATIONAL CLASSIFICATION

CLAIMED

HO1L29/78 78
HO1L21/8238 8238
HO1L29/66 66
HO1L29/161 161
HO1L21/762 762
HO1L27/092 092
HO1L29/167 167
HO1L29/45 45
NON-CLAIMED

HO1L29/423 423
HO1L29/786 786
B82Y10/00 00
HO1L29/775 775
HO01L29/06 06
HO1L29/417 417
HO1L29/165 165
HO1L21/02 02
HO1L21/306 306
HO1L29/08 08

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS
257 347

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

438 151 285

257 E21.409

NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 20

/JONATHAN HAN/ 10 September 2019 . . -
Primary Examiner, Art Unit 2818 O.G. Print Claim(s)| O.G. Print Figure
(Primary Examiner) (Date) 1 2H'
U.S. Patent and Trademark Office Part of Paper No.: 20190910
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

16/199,445 GLASS et al.
Examiner Art Unit
JONATHAN HAN 2818

Claims renumbered in the same order as presented by applicant (J CPA [J T.D. (] R1.47

CLAIMS

Final ]Original

Final

Original|Final

Original|Final |Original|Final

OriginallFinaI Original|Final |[Original|Final |Original

1

10

19

11

20

12

13

14

15

16

17

O|lo|N|O|O |~ |WIN

18

Primary Examiner, Art Unit 2818
(Primary Examiner)

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 20
/JONATHAN HAN/ 10 September 2019

O.G. Print Claim(s)| O.G. Print Figure
(Date) 1 2H'

U.S. Patent and Trademark Office
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35 USC 119 (a-d) conditions met: Yes D No D Met After Allowance
Verified and Acknowledged: [JONATHAN HAN/ |
Examiner's Signature Initials
Title: TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS
SOURCE/DRAIN
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RULE
APPLICANTS
INTEL CORPORATION, Santa Clara, CA,
INVENTORS

GLENN A. GLASS Portland, OR, UNITED STATES
ANAND S. MURTHY Portland, OR, UNITED STATES
TAHIR GHANTI Portland, OR, UNITED STATES
YING PANG Portland, OR, UNITED STATES
NABIL G. MISTKAWI Keizer, OR, UNITED STATES
CONTINUING DATA
This application is a CON of 15860292 01/02/2018 PAT 10147817
15860292 is a CON of 15116453 08/03/2016 PAT 9859424
15116453 is a 371 of PCT/US2014/031486 03/21/2014
FOREIGN APPLICATIONS
IF REQUIRED, FOREIGN LICENSE GRANTED*#*
12/28/2018
STATE OR COUNTRY
UNITED STATES
ADDRESS
Finch & Maloney PLLC

50 Commercial Street
Gateway One, Suite 300
Manchester, NH 03101
UNITED STATES

FILING FEE RECEIVED

Page 255 of 277




$1,720

Page 256 of 277



Raeceipt date:

Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

01/03/2019

16/199,445 - GAU: 2818

PTO/SB/08a (02-18)
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Date of Mailing: September 29, 2016. 10 pages.

7 [Taiwan Office Action and Search Report received for Application No. 104104385 (Attomney Docket P63565TW), dated n
July 28, 2016. 10 pages.

8 International Search Report and Written Opinion received in PCT Application No. PCT/US2014/031486. Date of u

Mailing: December 15, 2014, 14 pages.

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Date Considered ‘ 69/10/20619

Examiner Signhature
Vs N N N A

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. % Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2118 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.H/

Page 260 of 277



Receipt date: 01/03/2019 16/199,445 — Gary: 281
Application Number 16199445

Filing Date 2018-11-26

INFORMATION DISCLOSURE

First Named Inventor ‘ Glenn A. Glass

STATEMENT BY APPLICANT |2812

( Not for submission under 37 CFR 1.29)
Examiner Name ‘ tba

Attorney Docket Number | P63565US-C1-C1

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Neil F. Maloney/ Date (YYYY-MM-DD) 2019-01-03
Name/Print Neil F. Maloney Registration Number |42,833

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour 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.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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EAST Search History

EAST Search History (Prior Art)

Ref {{Hits Search Query DBs Default {Plurals {iTime
# Operator Stamp
L1 2 (integrated circuit and non$1planar and {jUS-PGPUB;{{ADJ OFF 2019/09/10
source region and drain region and USPAT 16:53
germanium and atomic percent and
silicon).clm.
S1 47 ("20070187767" | "20090302348" | US-PGPUB; {ADJ OFF 2017/01/28
"20110014765" | "20110068407" | USPAT 05:39
"20130240989" | "20130248930" |
"20140001520").PN.
S2 {3308 (("INTEL") near3 USPAT ADJ OFF 2017/01/28
("CORPORATION")).AANM. 05:39
S3 {190 (("GLASS") near3 ("GLENN")).INV. US-PGPUB; {ADJ OFF 2017/01/28
USPAT; 05:39
USOCR

4 {231 (("MURTHY") near3 ("ANAND")).INV. US-PGPUB; §{ADJ OFF 2017/01/28
USPAT; 05:39
USOCR

S5 {146 (("GHANI") near3 ("TAHIR")).INV. US-PGPUB; {ADJ OFF 2017/01/28
USPAT; 05:39
USOCR

S6 {2 (("PANG") near3 ("YING")).INV. US-PGPUB; {ADJ OFF 2017/01/28
USPAT; 05:39
USOCR

S7 8 (("MISTKAWI") near3 ("NABIL")).INV. US-PGPUB; {{ADJ OFF 2017/01/28
USPAT; 05:39
USOCR

S10 479 transistor and (GE or germanium) rich US-PGPUB; {{ADJ OFF 2017/01/30
USPAT 14:40

S11 {33 S10 and cladding US-PGPUB; {ADJ OFF 2017/01/30
USPAT 14:55

S12 {24 S10 and cladding near10 (si or silicon) US-PGPUB; §ADJ OFF 2017/01/30
USPAT 14:56

S13 {11 S$12 and @AD<"20140321" US-PGPUB; {{ADJ OFF 2017/01/30
USPAT 14:56

S14 {479 transistor and (GE or germanium) rich US-PGPUB; {{ADJ OFF 2017/01/30
USPAT 14:59

S15 {11 S$13 and @AD<"20140321" US-PGPUB; {{ADJ OFF 2017/01/30
USPAT 14:59

S16 {509 transistor and (GE or germanium) rich US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 14:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S17 {34 S16 and cladding US-PGPUB; {ADJ OFF 2017/01/30
USPAT; 15:00
USOCR;
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FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S18 {19 S$17 and @AD< "20140321" US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 15:00
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S19 {11 ("2007/0187767").URPN. USPAT ADJ OFF 2017/01/30
15:04

S20 85 ("20020197806" | "20030057416" | US-PGPUB; {{ADJ OFF 2017/01/30
"20050130454" | "20050145944" | USPAT; 16:32
"20050184354" | "20060060859" | USCCR
"20060138398" | "20060148151" |
"20060156080" | "20060172511" |
"20060255330" | "20060289856" |
"20070004123" | "20070053381" |
"20070187767" | "20070275548" |
"20080054347" | "20080135878" |
"20080197412" | "20080230805" |
"20080242037" | "20090075029" |
"20090302348" | "20100109044" |
"20100148217" | "20100244154" |
"20110147828" | "20120037998" |
"20130240989" | "20130248999" |
"20130264639" | "20140070377" |
"5281552" | "5296386" | "5296387" |
"56312766" | "6235568" | "6541343" |
"6605498" | "6621131" | "6653700" |
"6797556" | "6812086" | "6861318" |
"6885084" | "6887762" | "6933589" |
"6949482" | "6952040" | "6972228" |
"7060576" | "7129139" | "7138320" |
"7138697" | "7226842" | "7244668" |
"7274055" | "7338873" | "7358547" |
"7391087" | "7402872" | "7427775" |
"7436035" | "7491643" | "7492017" |
"7494858" | "7518196" | "7544997" |
"7662689" | "7663192" | "7678631" |
"7682887" | "7682916" | "7732285" |
"7880228" | "8354694").PN. OR
("8901537").URPN.

S21 {14 (US-20130240989-$ or US- US-PGPUB; {{ADJ OFF 2017/01/30
20110068407-$ or US-20100295083-$ or {{USPAT 19:32
US-20050116226-$ or US-20140001520-
$ or US-20130248930-$ or US-
20140070377-$% or US-20080230805-$ or
US-20080197412-3).did. or (US-

8211772-% or US-5227333-$ or US-
9484432-% or US-8901537-$ or US-
6653700-9).did.
S22 {0 S21 and sacrifical US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 19:32
USCCR;
FPRS;
EPO

S23 45 S21 and sacrificial US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 19:33
USCCR;
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FPRS;
EPO
S24 {1 S21 and sacrificial near10 source US-PGPUB; {ADJ OFF 2017/01/30
USPAT; 19:34
USOCR;
FPRS;
EPO
S25 {509 transistor and (GE or germanium) rich US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 19:34
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S26 {17 S25 and sacrificial near10 source US-PGPUB; {ADJ OFF 2017/01/30
USPAT; 19:34
USOCCR;
FPRS;
EPO
S27 {2833 transistor and sacrificial near10 source US-PGPUB; {ADJ OFF 2017/01/30
USPAT; 19:36
USCCR;
FPRS;
EPO
S28 2152 S27 and @AD<"20140321" US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 19:36
USCCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S29 {15 (US-20130240989-$ or US- US-PGPUB; {{ADJ OFF 2017/01/30
20110068407-$ or US-20100295083-$ or {{USPAT 20:46
US-20050116226-$ or US-20140001520-
$ or US-20130248930-$ or US-
20140070377-$ or US-20080230805-$ or
US-20080197412-$ or US-20150270284-
$).did. or (US-8211772-$ or US-
5227333-% or US-9484432-$ or US-
8901537-$ or US-6653700-%).did.
S30 11 $29 and temperature US-PGPUB; {{ADJ OFF 2017/01/30
USPAT; 20:46
USCCR;
FPRS;
EPO
S31 {15 (US-20130240989-$ or US- US-PGPUB; {{ADJ OFF 2017/01/30
20110068407-$ or US-20100295083-$ or jUSPAT 22:01
US-20050116226-$ or US-20140001520-
$ or US-20130248930-$ or US-
20140070377-$ or US-20080230805-$ or
US-20080197412-$ or US-20150270284-
$).did. or (US-8211772-$ or US-
5227333-$ or US-9484432-$ or US-
8901537-$ or US-6653700-%).did.
S32 §2 S31 and (GeSn or Germanium tin or Tin {US-PGPUB; {{ADJ OFF 2017/01/30
Germanide or SnGe) USPAT 22:02
S33 5 S31 and etch$3 and (water or acid) US-PGPUB; {ADJ OFF 2017/01/30
USPAT 22:06
S34 {5 ("2013/0240989").URPN. USPAT ADJ OFF 2017/01/30
22:14
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S35 i1 "20120153387" USPAT ADJ OFF 2017/01/30
22:14

S36 {4 "20120153387" US-PGPUB; {ADJ OFF 2017/01/30
USPAT; 22:15
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S37 1184850 {{(HO01L29/7848 or HO1L21/30604 or US-PGPUB; {ADJ OFF 2017/01/30
HO1L29/167 or HO1L21/02532 or USPAT; 23:29
HO1L29/0649 or HO1L21/76224 or USOCR;

HO1L29/0847 or HO1L29/45 or FPRS;

HO1L27/0924 or H0O1L21/823878 or EPO

HO1L29/66545 or HO1L29/165 or

HO01L29/66636 or HO1L29/41783 or

B82Y10/00 or HO1L29/0673 or

HO1L29/775 or HO1L21/823821 or

HO1L21/823807 or HO1L21/823814 or

Ho1L29/78).cpc.  § 4

S38 11180214 {(H01L29/78 OR H01L29/66 OR US-PGPUB; {ADJ OFF 2017/01/30
HO1L29/06 OR HO1L21/02 OR USPAT; 23:29
HO1L21/8234 OR HO1L29/08 OR USOCR;

HO1L29/10 OR HO1L29/165 OR FPRS;
HO1L29/417 OR HO1L21/265 OR EPO
HO1L21/266 OR HO1L21/3065 OR

HO1L21/311 OR HO1L27/088 OR

HO1L29/04 OR HO1L29/49 OR
HO1L29/51).1PCR.

S39 {5 (substrate and channel and gate US-PGPUB; {ADJ OFF 2017/08/01
electrode and source and drain and USPAT; 17:42
p$itype and (germanium rich or USCCR;
ge$irich)).cim. FPRS;

EPO

$40 {5 (substrate and channel and gate US-PGPUB; {ADJ OFF 2017/08/01
electrode and silicon and source and USPAT; 17:43
drain and p$1type and (germanium rich {USOCR;
or ge$irich)).clm. FPRS;

EPO

S41 {1 (substrate and channel and gate US-PGPUB; {ADJ OFF 2017/08/01
electrode and silicon and source and USPAT; 17:50
50% and drain and p$1type and USOCR;

(germanium rich or ge$1irich)).clm. FPRS;
EPO

$42 {15 (US-20130240989-$ or US- US-PGPUB; iADJ OFF 2017/08/02
20110068407-$ or US-20100295083-$ or jUSPAT 14:57
US-20050116226-$ or US-20140001520-
$ or US-20130248930-$ or US-
20140070377-$ or US-20080230805-$ or
US-20080197412-$ or US-20150270284-
$).did. or (US-8211772-$ or US-
5227333-$ or US-9484432-$ or US-

8901537-% or US-6653700-%).did.

$43 {15 (US-20130240989-$ or US- US-PGPUB; {ADJ OFF 2017/08/02
20110068407-$ or US-20100295083-$ or jUSPAT 14:57
US-20050116226-$ or US-20140001520-
$ or US-20130248930-$ or US-
20140070377-$ or US-20080230805-$ or
US-20080197412-$ or US-20150270284-
$).did. or (US-8211772-$ or US-
5227333-$ or US-9484432-$ or US-
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| 18901537-$ or US-6653700-9).did. |

$46 {15 ("20060148181" | "20070187767" | US-PGPUB; {ADJ ON 2018/07/12
"20080197412" | "20090302348" | USPAT 03:45
"20110014765" | "20110068407" |
"20130240989" | "20130248930" |
"20140001520" | "20140054658" |
"20140070377" | "20150270284" |
"20170012124" | "6653700" |
"9859424").PN.
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U.5. Patent and Traderark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Actof 1395, no personis required to responeto a collection of information unless it displays a valid OMB control number,

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:
Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR-

P.O. Box 1450
Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for the application{s} listed on this form. In addition, only an address
represented by a Customer Number can be established asthe fee address for maintenance fee purposes (hereafter, fee
address). Afee address should be established when correspondence related to maintenance fees should be mailedto a
different address than the correspondenceaddress for the application.

When to check the first box below: if you have a Customer Number torepresent the fee address.

When to check the second box below: If you have no Customer Number representing the desired fee address, in which
case a completed Requestfor Customer Number (PTO/SB/125) must be attached to this form. For more information on
Customer Numbers, see the Manual of Patent Examining Procedure (MPEP)} § 403.

For the followinglisted application(s), pleaserecognize asthe “Fee Address” under the provisions of 37 CFR 1.363 the
address associated with:

Customer Number: 000197

OR

D The attached Request for Customer Number form {PTO/SB/125)

PATENT NUMBER

§ APPLICATION NUMBER
(if known}

16/199,445

Completed by {check one}:

/Ayanendu Paul/
D Applicant/inventor -
Signature

Attorney or Agent of record L0383 Ayanendu Pau

Reg. No. Typed or printed name
D Assignee of record of the entire interest. See

37 CFR 3.71. Statement under 37 CFR 3.73(c) 603—622-8456

{Form PTO/AIA/96} is enclosed or was filed on

Requester’s telephone number

(date) 12/16/2019

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative{s) are required. if the assigneeis a
juristic entity, this form must be signed by a patent practitioner {(atiorney or agent) of record. Submit multiple forms if more than one
sighature is required, see below*.

D *Total of forms are submitted

This coltection of information is required by 37 CFR 1.363. The informationis required to obtain or retain a benefit by the public, which is to indicate {and for the
USPTO to process) a fee address. Confidentiality is governed by 35U.S.C. 122 and 37 CFR1.11 and 1.14. This collection is estimated to take 5 minutes to complete
inctuding gathering, preparing, and submitting the completed 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 redudng 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 COMPLETED FORMSTO THE PREVIOUS ADDRESS. SEND COMPLETD
FORMS TO: Mail Stop M Correspondence, Commissioner for Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, caif 1-800-FT0-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements ofthe Act, please be advised that. (1) the general authorityfor the collection ofthis informationis
35 U.S.C. 2(b}{2); {2) furishing of the information solicited is voluntary; and (3) the principal purpose for which
the informationis used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a palent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/orexamine your submission, which mayresultin termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided byyou in this form will be subjectio the following routine uses:

1.

The information on this form will be treated confidentially o the extent allowed under the Freedom of
Information Act (5 U.S.C. 552)and the Privacy Act (5 U.S5.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom ofinformation Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative fribunal, including disclosures to opposing counselin
the course of sefifementnegotiations.

A record in this system of records may be disclosad, as a routine use, 1o a Member of Congress
submitting a requestinvolving an individual, to whom the record pertains, when the individual has
requested assistance rom the Member with respectto the subjectmatier ofthe record.

A record in this system of records maybe disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to complywith the requirements ofthe Privacy Act of 1974, as amended, pursuantto 5U.S.C. 552a(m).
Arecord related to an Intermnational Application filed under the Patent Cooperation Treatyin this system
of records may be disclosed, as a routine use, {o the International Bureau of the World Intellectual
Property Organization, pursuantto the PatentCooperation Treaty.

A record in this system of records maybe disclosed, as a routine use, to another federal agency for
purposes of National Securityreview (35 U.S.C. 181)and for review pursuantto the Atomic Energy Act
(42U.8.C. 218(c)).

A record from this system of records maybe disclosed, as a routine use, to the Administrator, General
Services, orhis/her designee, during an inspection of records conducted by GSA as partofthatagencys
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall notbe used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication ofthe application pursuantto 35 U.S.C. 122(b) orissuance ofa patentpursuantto 35 U.S.C.
151. Further, a record may be disclosed, subjectto the limitations of 37 CFR 1.14, as a routine use, to
the public ifthe record was filed in an application which became abandoned or in which the proceedings
were terminated and which application is referenced by either a published application, an applicaton
opento publicinspection oranissued patent.

A record from this system ofrecords maybe disclosed, as a routine use, to a Federal, State, or local faw
enforcement agency, if the USPTO becomes aware of a violation or potential violation of faw or
regulation.
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Electronic Patent Application Fee Transmittal

Application Number: 16199445

Filing Date: 26-Nov-2018

Title of Invention: TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN
First Named Inventor/Applicant Name: GLENN A. GLASS

Filer: Ayanendu Paul/Carol Wallace

Attorney Docket Number: P63565US-C1-C1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suﬁ;l’g(t:)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount Suﬁ-;l’;(t:)l L
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 38039916
Application Number: 16199445
International Application Number:
Confirmation Number: 3329
Title of Invention: TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN
First Named Inventor/Applicant Name: GLENN A. GLASS
Customer Number: 99256
Filer: Ayanendu Paul/Carol Wallace
Filer Authorized By: Ayanendu Paul
Attorney Docket Number: P63565US-C1-C1
Receipt Date: 16-DEC-2019
Filing Date: 26-NOV-2018
Time Stamp: 15:14:26
Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1000
RAM confirmation Number E2019BFF14579248
Deposit Account 503421
Authorized User Carol Wallace

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

37 CFR 1.21 (Miscellaneous fees and charges)

Page 272 of 277



File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
116278
1 Issue Fee Payment (PTO-85B) P63565 US—C1—Cd1f—Transm|ttaIB. no 1
p 9131ab2449060e5f6f4c0c2a7752f777e177
cced
Warnings:
Information:
102948
P63565US-C1-
2 Miscellaneous Incoming Letter C1_Comments_Reasons_Allow, no 1
ance_pdf 196d94c28033f6834939d93a1345426658
Warnings:
Information:
839023
3 Change of Address P63565US—C1—Cd1fANlF—Address—. no 5
p 6173dcd2ef808f9065457f52d7197e674894)
d%e0
Warnings:
Information:
30340
4 Fee Worksheet {(SB06) fee-info.pdf no 2
1323078d9bb90970b 1aeba05561606e567|
dec364
Warnings:
Information:
Total Files Size (in bytes)# 1088589
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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 Applications 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 Application 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 Application 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

99256 7590 09/18/2019 Certificate of Mailing or Transmission
Finch & Maloney PLLC I hereby certify that this Fee(s) Transmittal is being deposited with the United
i States Postal Service with sufficient postage for first class mail in an envelope
50 Commercial Street addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Gateway One. Suite 300 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
b
Manchester, NH 03101 (Lyped o printed v
(Signature)
(Date)|
| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/199,445 11/26/2018 GLENN A. GLASS P63565US-C1-C1 3329
TITLE OF INVENTION: TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 12/18/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HAN, JONATHAN 2818 257-192000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys :
or agents OR, alternatively, 1 FlIlCh & Maloney PLLC

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2

b . o e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

|95

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
INTEL CORPORATION Santa Clara, California

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual (X Corporation or other private group entity [ Government

4a. Fees submitted: Xissue Fee [Ipublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X Electronic Payment via EFS-Web [ Enclosed check [) Non-electronic payment by credit card (Attach form PTO-2038)
(X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 50-3421

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature M pDae  December 16, 2019

Ayanendu Paul Registration No. L0383

Typed or printed name
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S/N: 16/199.445 PATENT

In the United States Patent and Trademark Office

Inventors: Glenn A. Glass, et al. Examiner: Jonathan Han
Serial No.: 16/199,445 Art Unit: 2818 Conf. No.: 3329
Filed: November 26, 2018 Docket No.: P63565US-C1-C1

Title: TECHNIQUES FOR INTEGRATION OF GE-RICH P-MOS SOURCE/DRAIN

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

The Applicant notes that the Office has provided a statement of reasons for allowance. In
response, the Applicant notes that the record as a whole amply supports the allowance of the
claims and such further comments by the Office do not represent the full scope of the invention
as defined in each of the claims. For instance, the Office refers to partial claim language as the
reasons for allowance of all claims. However, each claim must be considered individually and as
a whole, and the Applicant believes there are numerous other reasons for allowance of the 20
claims, 3 of which are independent. To this end, the Applicant wishes to ensure that such a
statement does not give rise to a presumption of acquiescence to those reasons, and any negative
inferences that may flow therefrom. The Applicant believes that the allowed claims are best

interpreted in light of the record as a whole and not on the reasons presented in the Notice of

Allowance.
Respectfully submitted,
CUSTOMER NUMBER: 99256
603-622-8456

Date _December 16, 2019 By _ /Ayanendu Paul /

Ayanendu Paul
Limited Recognition No. L0383
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/199,445 01/21/2020 10541334 P63565US-C1-C1 3329
99256 7590 01/01/2020
Finch & Maloney PLLC

50 Commercial Street
Gateway One, Suite 300
Manchester, NH 03101

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

INTEL CORPORATION, Santa Clara, CA;
GLENN A. GLASS, Portland, OR;
ANAND S. MURTHY, Portland, OR;
TAHIR GHANI, Portland, OR;

YING PANG, Portland, OR;

NABIL G. MISTKAWI, Keizer, OR;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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