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) N Attorney Docket Number | P38507USC2-C1
Application Data Sheet 37 CFR 1.76

Application Number

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT

Title of Invention METALIZATION

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:

[ 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
] =T 3 s Bt
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

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

Mailing Address of Inventor:

Address 1 b009 NW 124th Avenue

Address 2

City | Foﬂland I State/Province | |OR

Postal Code | 97229 | Countryi | |us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ -] pnano ﬁ MURTHY ‘ ]
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City | bortland state/Province | PR | Country of Residencd | s

Mailing Address of Inventor:

Address 1 0934 NW Lucerne Court

Address 2

City | Foﬂland | State/Province | |OR

Postal Code | ’97229 | Countryi | ‘US

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
[ [ fran | lHANI e
Residence Information (Select One) (8 US Residency Non US Residency Active US Military Service
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P38507USC2-C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT
METALIZATION

City | Portland State/Province | PR Country of Residencé | US

Mailing Address of Inventor:

Address 1 4191 NW Stonebridge Drive

Address 2

City | Foﬂland | State/Province | |OR

Postal Code | lo7229 | Countryi | us

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

generated within this form by selecting the Add button.

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.

Customer Number D9256

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

Application Information:

Title of the Invention ETALIZATION ;

Attorney Docket Number| P38507USC2-C1 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter  tility -
Total Number of Drawing Sheets (if any) 11 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 N

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 application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

P38507USC2-C1

Application Number

Title of Invention

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT
METALIZATION

Representative Information:

Representative information should be provided for all practitioners having a power of atitorney 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:

o Customer Number

US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)

Customer Number

D9256

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S5.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. 118(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | PPending -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of -] 15339308 2016-10-31
Prior Application Status | Patented - Remove
Application _ Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 5339308 |Continuation of -] has73143 |2015-03-30 }9484432 P016-1 1-01
Prior Application Status | Patented - Remove
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘14673143 |Continuation of «| (3900224 |2013-05-29 )8994104 P015-03-31
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13990224 B 371 of intemational ~§ PCT/US2011/054198 2011-09-30
Prior Application Status | [Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
FCTIUSZGHIOSIE |Continuation in part ofEl |12975278 |2010-12-21 )8901537 P014-12-02

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add butto

n.
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Attorney Docket Number | P38507USC2-C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT
METALIZATION

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 pricrity 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 Code (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 AIA (First Inventor to File) Transition
Applications

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 on 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 | P38507USC2-C1

Application Data Sheet 37 CFR 1.76

Application Number

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT

Title of Invention METALIZATION

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed 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 (EPQO) 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. Authoerization 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 (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral 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 information identified in subsection 1A above.

B. Applicant DOES NOT authorize 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 | P38507USC2-C1

Application Data Sheet 37 CFR 1.76

Application Number

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT

Title of Invention METALIZATION

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 }

If the applicant is the inventor (or the remaining jeint 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 tc whom the inventor is under an cbligation 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 sufficient
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 35U.5.C. 117 Joint 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:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | INTE| CORPORATION

Mailing Address Information For Applicant:

Address 1 P200 Mission College Boulevard
Address 2
City Banta Clara State/Province CA
Country ‘ s 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 | P38507USC2-C1

Application Data Sheet 37 CFR 1.76

Application Number

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT

Title of Invention METALIZATION

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 INTEL CORPORATION
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 P200 Missicn College Boulevard
Address 2
City Banta Clara I State/Province CA
Countryi s I Postal Code 95054
Phone Number | Fax Number
Email Address docketing@finchmaloney.com
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

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 signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). 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 PTO/AIA/81) on behalf of all joint inventor-applicants.

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

Signature |/Paul A. Smith/ Date (YYYY-MM-DD)| 2019-05-20
First Name Faul A Last Name | Fmith Registration Number 121
Additional Signature may be generated within this form by selecting the Add button.
EFS Web 2.2.13
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L Attorney Docket Number | P38507USC2-C1
Application Data Sheet 37 CFR 1.76

Application Number

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT

Title of Invention METALIZATION

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 35 U.5.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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Page 8 of 348



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.5.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.5.C. 552) and the Privacy
Act (5 U.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.

2. Arecord 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 Arecord in this system of recards 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. Arecord 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).

5. Arecord 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 CooperationTreaty.

6.  Arecordin this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.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.5.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 systermn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic 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.

9. Arecord 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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4 DECLARATION {37 OFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76}

s Resuchion Aty

Tithe of SONTACT RESISTANCE REDUCTION EMPLOYING CERMANIUM QVERLAYER
vention | PRE-CONTACT METALIZATION

As the below named inventorn, | hershy dedara thah:

This declaration .“
is directed o

The altsched appdication, or

(]

filadd on

The aboveidentifing application was made o authorized to be made by ma.

{ beliave that | am the original inventor or an original joint inventor of a slaimed invention in the application.

{ haraby scknowledge that any willful falss statement roads in this decleration is punishable under 18 U500 1001
by fine or imprisonment of not more tan fve (8) vears, or bolh,

WARNING:

Petitivnarfapplicant is cautionsd to aveid subritting personal information in decuments fled in & patent application that may
cortribute to identity theflt, Personal information such as socisl security numbers, bank aecount numbers, or credit card nambers
{othar than 2 chack or crect card authorization fent PTO2038 subnitted for payment purposes) s mvesy requived by the USPTG
to support a peltition or an application. IFthis type of persaral information is ibchuded in documents submittad to the USPTO,
patitionarsispplicants should consider redacting such personal information fom the documents before submiting them o the
UBRTO. Petitionerfapplicant is advised that the record of a patent spphication is avaiiable to the public after publication of the
appHication {uness & nor-publication request in compliante with 37 CFR.1.213(x} is roade in the spplication) or issuance ofa
patent. Funhermore, the record from an abandoned application nwy alse be svailable to the public ifthe quplication s
referanced in a published application or an fssuad petent {see 37 OFR 1,141 Checks and credit eard authorization forms
PTO-2038 submitted for payment purposes are not rstained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

frvantor:

GLENN A. GLASS  Date (Optionay S &2

Signature’
Sgnatre’_

r Paterts, P.O. Box 1368, Aiex:;.n i
.,:S{a O

sisigp Bhes o oS ¥
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A regrired T

DECLARATiON {37 CFR 1.83} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA S8HEET {3?? CFR1.76}

itent | CONTACT ﬁESiSTANDE REDULTSQN EMBPLOYING GERMANIUM {)\!L RLAYER
tnvention | PRE-CONTACT METALIZATION

Ag the below named invertor, L hereby dedlars that:

This declaration s
iv dirertadt ['

United States apphication or PO mtamatmna appimatim mmbef

filadd on

Tha abovsidantifiad applicstion was mads or authorized to be maede by ma.

{ baliave that | am the original inventar or ag original foint Inventor of g claimed invention in the appi:icaﬁm.

{hereby acknowiedge that any willfl false statemant made in this declarstion is punishabls under 18 LS80 1H6
by fine or imprisonmient of not nigre than five (5) years, or hoth.

WARNING:

Petitionerfapplicant is cautioned to avoid submitting personst informstion in docuraents filad in & patent application that may
contribute to identity thell. Personal information such us sociad secwity numbers, bank account numbsars, or credit card nurabers
{nther than 8 check or credit card authorization form PTOARG38 subnmitted for pryment puiposes) isnever reguired by the URPTQ
to support & petition or an spplication. i this tpe of personal informaation is inchuded i doguments submitted to the LISPT,
petitionersfapplicants should consider redacting such parsonal information for the documants befors submitting tham o the
USPTO. Pelitionerfapplicantis advisad that the record of & patent application s svallable to the public after publication ofthe
application (unless 8 non-publivalion reguestin complisneswith 37 CFR 1.213%(s) iy made inthe spplicabon) or ivsuances of g
patent. Furthermore, the record fom an abandoned spplication may also be svallabie to e public Fthe application is
referenced in a published application or an iasued patent {see 37 CFR 114}, Chacks and oradit card authorization foms
PTO-2038 submitted for payment purposes are not refained in the application fle and therefore wre not publicly avaifabls.

LEGAL NAME OF INVENTOR

ANAND S. MURTHY Date {Optional) ©

inventon

Signature: kf\%\, s

NI e By, st @
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DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN N

invention | PRE-CONTACT METALIZATION

As the below named inventor, | hereby declare thet

This decharation  § : " i
is diracted & m The attached application, or

[} Linited Rates application or PCT international spph

filedd on

The above-identified application was mads or authorized to be nvade by me.

t believe that { am the original inverdor or an originad joint inventer of a clalved irrvention in the application,

i hersby acknowledge that any williul false stateresnt mads in this declaration is punishable under 18 UER.C, 10N
by firsx or imprisooment of not more than fve (8) years, or both.

WARNING:

Petitionerfappiicant is cautioned to avold submitting personal information in documents fled i a patent gpplication that may
contribute (o identity theR. Personal information such ss sotial security numbers, bank account numbers, o credlit cord numbers
{nther than 8 check or cradht card suthorization form PTO-2039 subritted for payment purposes) fs never required by the USPTQ
to support a patition or an application. If this type of personal information is included in doruments subraltted to the USPTO,
petitionersfapplicants should consider redacting such parsonal information from the documents before submitting them {e the
USPTO. Patiionerfappliicant is agvised thet this record of a patent application is avaflable to the public afier publication ofthe
application {unirss a norvpublication request in campliance with 37 CFR 1.213(a} i made in the application) arissusnee ofa
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CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM
OVERLAYER PRE-CONTACT METALIZATION

Inventors:
Glenn A. Glass
Anand S. Murthy
Tahir Ghani

RELATED APPLICATIONS

[0001] This patent application is a continuation of U.S. Application No. 15/339,308, filed
October 31, 2016, which is a continuation of U.S. Application No. 14/673,143, filed March 30,
2015, which is a continuation of 13/990,224, filed May 29, 2013, now U.S. Patent No.
8,994,104, which is a U.S. National Phase application under 35 U.S.C. § 371 of International
Application No. PCT/US2011/054198, filed September 30, 2011, which is a continuation-in-part
of U.S. Application No. 12/975,278 filed December 21, 2010, now U.S. Patent No. 8,901,537,

each of which are incorporated herein by reference in their entireties.

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 semiconductor devices, such as those used in a complementary metal oxide
semiconductor (CMOS), it is often desired to minimize the parasitic resistance associated with
contacts otherwise known as external resistance Rex. Decreased Rex enables higher current from

an equal transistor design.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1A illustrates a MOS device configured with a boron doped germanium layer
between the source/drain layer and contact metals, in accordance with an embodiment of the

present invention.
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[0004] Figure 1B illustrates a MOS device configured with a boron doped germanium layer
between the source/drain layer and contact metals, in accordance with another embodiment of

the present invention.

[0005] Figure 1C illustrates a MOS device configured with a boron doped germanium layer
between the source/drain layer and contact metals, in accordance with another embodiment of

the present invention.

[0006] Figure 2 is a method for forming a transistor structure with low contact resistance in

accordance with an embodiment of the present invention.

[0007] Figures 3A to 3I illustrate structures that are formed when carrying out the method of

Figure 2, in accordance with various embodiment of the present invention.

[0008] Figure 4 is a method for forming a transistor structure with low contact resistance in

accordance with another embodiment of the present invention.

[0009] Figures SA to SF illustrate structures that are formed when carrying out the method of

Figure 4, in accordance with various embodiment of the present invention.

[0010] Figure 6 shows a perspective view of a FinFET transistor architecture, configured in

accordance with one embodiment of the present invention.

[0011] Figure 7 shows a plot of a split lot showing contact resistance for transistor structures
configured with in accordance with embodiments of the present invention and standard transistor

structures configured with no cap.

[0012] Figure 8 illustrates a computing system implemented with one or more transistor

structures in accordance with an example embodiment of the present invention.

[0013] As will be appreciated, the figures are not necessarily drawn to scale or intended to
limit the claimed invention to the specific configurations shown. For instance, while some
figures generally indicate straight lines, right angles, and smooth surfaces, an actual
implementation of a transistor structure may have less than perfect straight lines, right angles,
and some features may have surface topology or otherwise be non-smooth, given real world
limitations of the processing equipment and techniques used. In short, the figures are provided

merely to show example structures.
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DETAILED DESCRIPTION

[0014] Techniques are disclosed for forming transistor devices having reduced parasitic
contact resistance relative to conventional devices. The techniques can be implemented, for
example, using a standard contact stack such as a series of metals on silicon or silicon
germanium (SiGe) source/drain regions. In accordance with one example such embodiment, an
intermediate boron doped germanium layer is provided between the source/drain and contact
metals to significantly reduce contact resistance. 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., FinFETs), as well as strained and unstrained channel
structures. The techniques are particularly well-suited for implementing p-type devices, but can

be used for n-type devices if so desired.

General Overview

[0015] As previously explained, increased drive current in the transistors can be achieved by
reducing device resistance. Contact resistance is one component of a device’s overall resistance.
A standard transistor contact stack typically includes, for example, a silicon or SiGe source/drain
layer, a nickel silicide layer, a titanium nitride adhesion layer, and a tungsten contact/pad. In
such configurations, the contact resistance is effectively limited by the silicon or SiGe valence
band alignment to the pinning level in the metal. Typically, using industry standard silicides
such as nickel (or other suitable silicides, such as titanium, cobalt, or platinum), this results in a
band misalignment of about 0.5 eV. Thus, and in accordance with an example embodiment of
the present invention, an intermediate boron doped germanium layer is provided between the
source/drain and contact metals to significantly reduce the band misalignment value and contact

resistance.

[0016] In one specific example embodiment, contacts configured with the intermediate boron
doped germanium layer exhibit a reduction in the band misalignment value to less than 0.2 eV
and a corresponding reduction in contact resistance of about 3X (relative to a conventional
contact stack similarly configured, but without the intermediate boron doped germanium layer
between the source/drain regions and contact metal). A transmission electron microscopy
(TEM) cross section or secondary ion mass spectrometry (SIMS) profile can be used to show the

germanium concentration throughout the vertical stack of the film structure, as profiles of
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epitaxial alloys of silicon and SiGe can readily be distinguished from germanium concentration

profiles.

[0017] Thus, transistor structures configured in accordance with embodiments of the present
invention provide an improvement over conventional structures with respect to lower contact
resistance. Some such embodiments effectively marry superior contact properties of germanium
with superior semiconductor transistor properties of Si and SiGe to provide next generation low

resistance contacts.

[0018] 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., such as
double-gate and trigate transistor structures), as well as strained and unstrained channel
structures. Any number of such structural features and material systems can be used in
conjunction with a germanium overlayer as described herein. The transistor structure may
include p-type source/drain regions, n-type source/drain regions, or both n-type and p-type
source/drain regions. In some example embodiments, the transistor structure includes dopant-
implanted source/drain regions or epitaxial (or poly) replacement source/drain regions of silicon,
SiGe alloys, or nominally pure germanium films (e.g., such as those with less than 10% silicon)
in a MOS structure. In any such implementations, an overlayer or cap of boron doped
germanium can be formed directly over the source/drain regions, in accordance with an
embodiment of the present invention. A contact metal (or series of metals) can then be deposited
and a subsequent reaction (annealing) can be carried out to form metal germanide source and
drain contacts. As will be appreciated, the contact may be implemented as a stack including one
or more of a silicide layer, an adhesion layer, and/or a metal pad layer. The boron doped
germanium overlayer can be formed directly over other parts of the transistor structure as well,

such as the poly gate and/or grounding tap regions, if so desired.

[0019] As is known, a MOS transistor may include source and drain tip regions that are
designed to decrease the overall resistance of the transistor while improving short channel effects
(SCE). Conventionally, these tip regions are portions of the substrate where a dopant such as
boron or carbon is implanted using an implant and diffusion technique. The source tip region is
formed in the area between the source region and the channel region. Likewise, the drain tip
region is formed in the area between the drain region and the channel region. Some

embodiments of the present invention are configured with such conventionally formed tip
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regions. In other example embodiments, fabrication techniques are employed to extend self-
aligned epitaxial tip (SET) transistors to achieve very near to the theoretical limit of uniaxial
strain. This can be accomplished, for instance, by selective epitaxial deposition in the source and
drain regions as well as their corresponding tip regions to form a bilayer construction of boron
doped silicon or SiGe (for the source/drain regions) capped with an overlayer of a boron doped
germanium layer in the source/drain and respective tip regions. The germanium and boron
concentrations can vary, but in some example embodiments, the germanium concentration is in
the range of 20 atomic % to 100 atomic %, and the boron concentration is in the range of 1E20
cm’3 to 2E21 cm? (e.g., germanium concentration in excess of 50 atomic % and boron
concentration in excess of 2E20 cm-3). Note that the boron doped germanium layer may be
provided in the tip regions, but in other embodiments is just provided over the source/drain

regions (and not in the tip regions).

[0020] In still other example embodiments, an optional thin buffer with graded germanium
concentration and/or boron concentration can be used as an interfacial layer between the
underlying substrate with the source/drain layer (e.g., silicon or SiGe). Likewise, a thin buffer
with graded germanium concentration and/or boron concentration can be used as an interfacial
layer between the source/drain layer and the boron doped germanium cap. In still other
embodiments, the boron doped germanium overlayer or source/drain layer themselves can have a
graded germanium and/or boron concentration in a similar fashion as to the optional buffers. In
any such case, since boron diffusion is suppressed in germanium (the higher the concentration,
the greater the relative suppression), a high concentration of boron can be doped in the
germanium, which in turn results in lower parasitic resistance and without degrading tip
abruptness. In addition, the contact resistance is reduced from lowering of Schottky-barrier

height.

Architecture and Methodology

[0021] Figure 1A illustrates a MOS device 100A formed on a substrate 102 and configured
with a boron doped germanium layer between the source/drain layer and contact metals, in
accordance with an embodiment of the present invention. In particular, 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. The
source region 110 and the drain region 112 can be formed using any number of conventional
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techniques. In this example embodiment, for instance, the source region 110 and the drain
region 112 are formed by etching the substrate and then epitaxially depositing a silicon or silicon
germanium material (e.g., with a germanium concentration in the range of, for instance, 10 to 70
atomic %).

[0022] A gate stack 122 is formed over a channel region 120 of the transistor 100A. As can
further be seen, the gate stack 122 includes a gate dielectric layer 106 and a gate electrode 104,
and spacers 108 are formed adjacent to the gate stack 122. In some example cases, and
depending on the technology node, the spacers 108 create a distance of about 10 to 20
nanometers (nm) between the edges of the gate dielectric layer 106 and the edges of each of the
source and drain regions 110/112. It is within this space that a source tip region 110A and a
drain tip region 112A can be formed. In this example embodiment, the tip regions 110A/112A
are formed via a typical implantation-diffusion based process, and overlap the spacers 108 and
may also overlap or underdiffuse the gate dielectric layer 106 by a distance of, for instance, less
than 10 nm. In forming the implantation-diffusion based tip regions 110A/112A, a dopant such
as boron or carbon is implanted into the source region 110 and the drain region 112. The
transistor 100A is then annealed to cause the dopant to diffuse towards the channel region 120.
Angled ion implantation techniques may also be used to further implant dopants into those areas
between the gate dielectric layer 106 and the source/drain regions 110/112. Such implantation-

diffusion-based tip formation processes generally do not induce a strain on the channel region.

[0023] In any case, and as will be appreciated in light of this disclosure, whether a transistor
structure has a strained or unstrained channel, or source-drain tip regions or no source-drain tip
regions, 18 not particularly relevant to various embodiments of the present invention, and such
embodiments are not intended to be limited to any particular such structural features. Rather,
any number of transistor structures and types can benefit from employing a boron doped
germanium overlayer as described herein. The techniques provided herein are compatible, for
instance, with conventional dopant implanted silicon, raised source/drain, strained SiGe (or other
suitable materials), and any deposited epitaxial tip (sometimes referred to as source-drain
extensions) that extend below the gate electrode dielectric or are spaced away from the vertical

line defined by the gate electrode dielectric.

[0024] The germanium overlayer 117/119 is generally provided after formation of the
source/drain regions 110/112 and prior to formation of the contacts 125/127. The thickness of
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this overlayer 117/119 can vary from one embodiment to the next, but in one example
embodiment is in the range of 50 to 250 Angstroms (A). The boron concentration of overlayer
117/119 can also vary, but in one example embodiment is in the range of 1E20 cm=-3 to 2E21 cm-
3 (e.g., in excess of 2E20 cm=3). The overlayer 117/119 can be selectively deposited over the
source/drain 110/112 regions (and/or other regions as desired, such as the poly gate or grounding
tap regions). Any number of suitable deposition techniques can be used to provide the overlayer
117/119 (e.g., chemical vapor deposition, molecular beam epitaxy, etc). In accordance with one
example embodiment, the contact metals 125 and 127 each comprise a stack a nickel silicide
layer, a titanium nitride adhesion layer, and a tungsten contact/pad, and although any number of
contact metal configurations can be used as will be appreciated in light of this disclosure.

Standard deposition techniques can be used in providing the contact metals 125/127.

[0025] Figure 1B illustrates an example MOS device 100B formed on a substrate 102 and
configured with a boron doped germanium layer 117/119 between the source/drain layer 110/112
and contact metals 125/127, in accordance with another embodiment of the present invention.
This example configuration includes source and drain epitaxial tips (generally referred to herein
as epi-tips). In more detail, the MOS transistor 100B uses an undercut etch to allow the source
region 110 and the drain region 112 to extend below the spacers 108, and in some cases, below
the gate dielectric layer 106. The portions of the source/drain regions 110/112 that extend below
the spacers 108 (and possibly the gate dielectric layer 106) are generally referred to as the source
epi-tip 110B and the drain epi-tip 112B, respectively. The source and drain epi-tips 110B/112B
replace the implantation/diffusion based tip regions 110A/112A described with regard to Figure
1A. In accordance with one embodiment, the source/drain regions 110/112 and the source/drain
epi-tips 110B/112B can be formed, for example, by etching the substrate 102, which includes
undercutting the spacers 108 (and possibly the gate dielectric layer 106), and then using selective
epitaxial deposition to provide, for instance, an in situ doped silicon, germanium, or SiGe to fill
the source/drain regions 110/112 and the source/drain epi-tips 110B/112B, as shown in Figure
1B. Note the epitaxial fill may be raised relative to the surface of substrate 102, as further shown
in Figure 1B, although non-raised configurations can be used as well. The germanium overlayer
117/119 and the contact metals 125/127 can be implemented, for instance, as previously

described with respect to Figure 1A.
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[0026] Figure 1C illustrates a MOS device 100C formed on a substrate 102 and configured
with boron doped germanium layers 117/119 between the respective source/drain layers 110/112
and contact metals 125/127, in accordance with another embodiment of the present invention.
The source region 110 and the drain region 112 in this example embodiment are formed by
implanting dopants such as boron into the substrate. The gate stack 122 is formed over a channel
region 120 of the transistor 100C and is this example case does not include sidewalls 108. Nor
does this example transistor structure include an undercut or tip regions like the embodiments
shown in Figures 1A and 1B. The germanium overlayer 117/119 and the contact metals 125/127

can be implemented, for instance, as previously described with respect to Figure 1A.

[0027] Numerous other variations and features can be implemented for transistor structures
configured in accordance with an embodiment of the present invention. For example, a graded
buffer may be used in one or more locations of the structure. For instance, the substrate 102 can
be a silicon substrate, or a silicon film of a silicon on insulator (SOI) substrate, or a multi-layered
substrate comprising silicon, silicon germanium, germanium, and/or III-V compound
semiconductors. Thus, and by way of example, in an embodiment having a silicon or silicon
germanium substrate 102 and an in situ boron doped SiGe fill in the source/drain regions
110/112 and the source/drain epi-tips 110B/112B, a buffer can be provided between the
underlying substrate 102 and the source/drain material. In one such embodiment, the buffer can
be a graded boron doped (or intrinsic) silicon germanium layer with the germanium
concentration graded from a base level compatible with the underlying substrate up to 100
atomic % (or near 100 atomic %, such as in excess of 90 atomic % or 95 atomic % or 98 atomic
%). The boron concentration within this buffer can be either fixed (e.g., at a high level) or
graded, for instance, from a base concentration at or otherwise compatible with the underlying
substrate up to a desired high concentration (e.g., in excess of 2E20 c¢cm=3). Note that
‘compatibility’ as used herein does not necessitate an overlap in concentration levels (for
instance, the germanium concentration of underlying substrate can be 0 to 20 atomic % and
initial germanium concentration of the buffer can be 30 to 40 atomic %). In addition, as used
herein, the term ‘fixed’ with respect to a concentration level is intended to indicate a relatively
constant concentration level (e.g., the lowest concentration level in the layer is within 10% of the
highest concentration level within that layer). In a more general sense, a fixed concentration

level is intended to indicate the lack of an intentionally graded concentration level. The
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thickness of the buffer can vary depending on factors such as the range of concentrations being
buffered, but in some embodiments is in the range of 30 to 120 A, such as 50 to 100 A (e.g., 60
A or 65 A). As will be further appreciated in light of this disclosure, such a graded buffer
beneficially lowers the Schottky-barrier height.

[0028] Alternatively, rather than using a thin buffer between the substrate 102 and the
source/drain regions 110/112 and the source/drain epi-tips 110B/112B, the source/drain material
itself can be graded in a similar fashion. For example, and in accordance with one example
embodiment, boron doped SiGe source/drain regions 110/112 and the source/drain epi-tips
110B/112B can be configured with a germanium concentration graded from a base level
concentration compatible with the underlying substrate (e.g., in the range of 30 to 70 atomic %)
up to 100 atomic %. In some such embodiments, the boron concentration within this boron
doped germanium layer can range, for example, from a base concentration at or otherwise
compatible with the underlying substrate up to a desired high concentration (e.g., in excess of

2E20 cm-3).

[0029] In other embodiments, a buffer can be provided between the source/drain material and
the boron doped germanium overlayer 117/119. In one such embodiment, the source/drain
material is a boron doped SiGe layer having a fixed concentration of germanium (e.g., in the
range of 30 to 70 atomic %) and the buffer can be a thin SiGe layer (e.g., 30 to 120 A, such as 50
to 100 A) having a germanium concentration graded from a base level concentration compatible
with the underlying boron doped SiGe layer up to 100 atomic % (or near 100 atomic %, such as
in excess of 90 atomic % or 95 atomic % or 98 atomic %). In some such cases, the boron
concentration within this buffer can be fixed at a desired high level or can range, for example,
from a base concentration at or otherwise compatible with the underlying SiGe layer up to the
desired high concentration (e.g., in excess of 1E20 cm-3, 2E20 c¢m-3, or 3E20 cm-3).
Alternatively, rather than using a buffer between the source/drain material and the boron doped
germanium overlayer 117/119, the overlayer 117/119 itself can be graded in a similar fashion.
For example, and in accordance with one example embodiment, the boron doped overlayer
117/119 can be configured with a germanium concentration graded from a base level
concentration compatible with the underlying substrate and/or source/drain regions (e.g., in the
range of 30 to 70 atomic %) up to 100 atomic % (or near 100 atomic %). The boron

concentration within this overlayer 117/119 layer can be fixed at a desired high level or can
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range, for example, from a base concentration at or otherwise compatible with the underlying

substrate and/or source/drain regions up to the desired high level (e.g., in excess of 2E20 cm=3).

[0030] Thus, a low contact resistance architecture for numerous transistor devices is provided.
The devices may be formed in part using any number of conventional processes such as, for
example, by gate oxide, poly gate electrode, thin spacer, and an isotropic undercut etch in the
source/drain regions (or an ammonia etch to form faceted fin recess in monocrystalline substrate,
or other suitable etch to form fin recess). In accordance with some embodiments, selective
epitaxial deposition can be used to provide in situ doped silicon or altematively, a fully strained
silicon germanium layer to form source/drain regions with or without tips. Optional buffers may
be used as previously explained. Any suitable high-k replacement metal gate (RMG) process
flow can also be used, where a high-k dielectric replaces the conventional gate oxide.
Silicidation with, for example, nickel, nickel-platinum, or titanium with or without germanium
pre-amorphization implants can be used to form a low resistance germanide. The techniques
provided herein can be applied, for example, to benefit any technology nodes (e.g., 90nm, 65nm,
45nm, 32nm, 22nm, 14nm, and 10nm transistors, and lower), and the claimed invention is not
intended to be limited to any particular such nodes or range of device geometries. Other

advantages will be apparent in light of this disclosure.

[0031] Figure 2 is a method for forming a transistor structure with low contact resistance in
accordance with an embodiment of the present invention. Figures 3A through 31 illustrate
example structures that are formed as the method is carried out, and in accordance with some

embodiments.

[0032] As can be seen, the method begins with forming 202 a gate stack on a semiconductor
substrate upon which a MOS device, such as a PMOS transistor, may be formed. The
semiconductor substrate may be implemented, for example, with a bulk silicon or a silicon-on-
insulator configuration. In other implementations, the semiconductor substrate may be formed
using alternate materials, which may or may not be combined with silicon, such as germanium,
silicon germanium, indium antimonide, lead telluride, indium arsenide, indium phosphide,
gallium arsenide, or gallium antimonide. 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 invention. The gate stack can be formed as conventionally done or
using any suitable custom techniques. In some embodiments of the present invention, the gate
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stack may be formed by depositing and then patterning a gate dielectric layer and a gate
electrode layer. For instance, in one example case, a gate dielectric layer may be blanket
deposited onto the semiconductor 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, for
instance, the gate dielectric layer may be thermally grown. 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 instance, 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 specific example embodiments, the 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. Next, a gate electrode material may be deposited on the gate dielectric
layer using similar deposition techniques such as ALD, CVD, or PVD. In some such specific
embodiments, the gate electrode material is polysilicon or a metal layer, although other suitable
gate electrode materials can be used as well. The gate electrode material, which is may be a
sacrificial material that is later removed for a replacement metal gate (RMG) process, has a
thickness in the range of S0A to 500A (e.g., 100A), in some example embodiments. A
conventional patterning process may then be carried out to etch away portions of the gate
electrode layer and the gate dielectric layer to form the gate stack, as shown in Figure 3A. As
can be seen, Figure 3A illustrates a substrate 300 upon which a gate stack is formed. In this
example embodiment, the gate stack includes a gate dielectric layer 302 (which may be high-k
gate dielectric material) and a sacrificial gate electrode 304. In one specific example case, the
gate stack includes a silicon dioxide gate dielectric layer 302 and a polysilicon gate electrode
304. The gate stack may also include a gate hard mask layer 306 that provides certain benefits or
uses during processing, such as protecting the gate electrode 304 from subsequent ion

implantation processes. The hard mask layer 306 may be formed using typical hard mask
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materials, such as such as silicon dioxide, silicon nitride, and/or other conventional dielectric
materials. Figure 3A further illustrates spacers 310 formed on either side of the stack. The
spacers 310 may be formed, for example, using conventional materials such as silicon oxide,
silicon nitride, or other suitable spacer materials. The width of the spacers 310 may generally be
chosen based on design requirements for the transistor being formed. In accordance with some
embodiments, however, the width of the spacers 310 is not subject to design constraints imposed
by the formation of the source and drain epi-tips, given sufficiently high boron doped germanium

content in the source/drain tip regions, as described herein (boron won’t diffuse into channel).

[0033] With further reference to Figure 2, after the gate stack is formed, the method continues
with defining 204 the source/drain regions of the transistor structure. As previously explained,
the source/drain regions can be implemented with any number of suitable processes and
configurations. For example, the source/drain regions may be implanted, etched and epi filled,
raised, silicon or SiGe alloy, p-type and/or n-type, and have a planar or fin shaped diffusion
region. In the example embodiment shown in Figure 3A, substrate 300 has been etched to
provide cavities 312/314 as well as respective tip areas 312A/314A which undercuts the gate
dielectric 302. Figure 3B illustrates the substrate 300 after cavities 312/314 and tip areas
312A/314A have been filled to provide the source/drain regions 318/320 and tip regions
318A/320A. In accordance with some example embodiments, the source and drain region
cavities 312/314 along with their respective tip areas 312A/314A are filled with in situ doped
silicon or SiGe, thereby forming source region 318 (along with epi-tip 318A) and drain region
320 (along with drain epi-tip 320A). Any number of source/drain layer configurations can be
used here, with respect to materials (e.g., silicon, SiGe, III-V materials), dopant (e.g., boron in
excess of 2E21 cm=3, or other suitable dopant/concentration), and dimension (e.g., thickness of
source/drain layer may range, for instance, from 50 to 500 nm so as to provide a flush or raised

source/drain region).

[0034] As previously explained, some such embodiments may include with a thin buffer
between the source/drain layer and the substrate or the source/drain and boron doped germanium
overlayer. For instance, and as can further be seen in the example embodiment shown in Figure
3B, a source buffer 313 and a drain buffer 315 are deposited prior to depositing the source/drain
materials. In some embodiments, the buffers 313 and 315 can be a graded boron doped silicon

germanium layer with the germanium composition graded from a base level concentration
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compatible with the underlying substrate 300 material up to 100 atomic % (or near to 100 atomic
% as previously described). The boron concentration can be appropriately graded as well.

Numerous buffer schemes will be apparent in light of this disclosure.

[0035] With further reference to Figure 2, after the source/drain regions are defined, the
method continues with depositing 206 boron doped germanium on the source/drain regions of
the transistor structure. Figure 3C shows the boron doped germanium layer 317/319. In some
example embodiments, the boron doped germanium layer 317/319, which may be epitaxially
deposited in one or more layers, has a germanium concentration in excess of 90 atomic %,
although other suitable concentration levels can be used as will be appreciated in light of this
disclosure (e.g., in excess of 91 atomic %, or 92 atomic %, ..., or 98 atomic %, or 99 atomic %,
or truly pure germanium). As previously explained, this germanium concentration may be fixed
or graded so as to increase from a base level (near substrate 300) to a high level (e.g., in excess
of 90 atomic %). The boron concentration in some such embodiments can be in excess of 1E20
cm-3, such as higher than 2E20 ¢cm-3 or 2E21 c¢cm-3, and may also be graded so as to increase
from a base level near substrate 300 to a high level (e.g., in excess of 1E20 cm-3 or 2E20 cm-3 or
3E20 cm=3, ..., 2E21 cm-3). In embodiments where the germanium concentration of the
underlying source/drain regions 318/320 is fixed or otherwise relatively low, a graded buffer
may be used to better interface source/drain regions 318/320 with the boron doped germanium
layer 317/319, as previously explained. The thickness of the boron doped germanium cap
317/319 may have a thickness in the range, for example, of 50 to 250 A, in accordance with
some specific example embodiments, although altemative embodiments may have other layer

thicknesses, as will be apparent in light of this disclosure.

[0036] In some embodiments, a CVD process or other suitable deposition technique may be
used for the depositing 206 or otherwise forming the boron doped germanium layer 317/319.
For example, the depositing 206 may be carried out in a CVD, or rapid thermal CVD (RT-CVD),
or low pressure CVD (LP-CVD), or ultra-high vacuum CVD (UHV-CVD), or gas source
molecular beam epitaxy (GS-MBE) tool using germanium and boron containing precursors such
as germane (GeH4) or digermane (GexHs) and diborane (B2Hs) or boron difluoride (BF>). In
some such embodiments, there may be a carrier gas such as, for instance, hydrogen, nitrogen, or
a noble gas (e.g., precursor is diluted at 1-5% concentration of carrier gas). There may also be an

etchant gas such as, for example, halogen-based gas such as hydrogen chloride (HCI), chlorine
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(C1), or, hydrogen bromide (HBr). The basic deposition of germanium and also boron doped
germanium is possible over a wide range of conditions using deposition temperature in the range,
for example, of 300°C to 800°C (e.g., 300-500°C) and reactor pressure, for instance, in the range
1 Torr to 760 Torr. Germanium is naturally selective in that it deposits on silicon or silicon-
germanium alloy, and does not deposit on other materials such as silicon dioxide and silicon
nitride. Since this natural selectivity is not entirely perfect, a small flow of etchant can be used
to increase the selectivity of the deposition, as previously noted. Each of the carrier and etchants
can have a flow in the range of 10 and 300 SCCM (typically, no more than 100 SCCM of flow is
required, but some embodiments may require higher flow rates). In one specific example
embodiment, the deposition 206 is carried out using GeHs that is diluted in hydrogen at a 1%
concentration and at a flow rate that ranges between 100 and 1000 SCCM. For an in situ doping
of boron, diluted BoH¢ may be used (e.g., the BoHs may be diluted in H» at 3% concentration and
at a flow rate that ranges between 100 and 600 SCCM. In some such specific example cases, an
etching agent of HCI or Cl» is added at a flow rate that ranges, for example, between 10 and 100
SCCM, to increase the selectivity of the deposition.

[0037] As will be appreciated in light of this disclosure, the selectivity at which the boron
doped germanium layer 317/319 is deposited can vary as desired. In some cases, for instance,
the boron doped germanium layer 317/319 is deposited only on the source/drain regions 318/320
or a portion of the source/drain regions 318/320 (rather than across the entire structure). Any
number of masking/patterning techniques can be used to selectively deposit layer 317/319.
Moreover, other embodiments may benefit from layer 317/319 covering, for example, poly gate
regions or grounding tap regions. As will further be appreciated in light of this disclosure, the
combination of high germanium concentration (e.g., in excess of 90 atomic % and up to pure
germanium) and high boron concentration (e.g., in excess of 2E20 cm-3) can be used to realize
significantly lower contact resistance in the source and drain regions (and other areas where low
contact resistance is desirable, such as ground tap regions), in accordance with some example
embodiments. Further, and as previously explained, since boron diffusion is sufficiently
suppressed by pure germanium, no adverse SCE degradation is realized with subsequent thermal
anneals despite any high boron concentration proximate the channel (if applicable). Barrier

height lowering is also enabled from the higher concentration of germanium at the contact
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surface. In some example embodiments, a germanium concentration in excess of 95 atomic %

and up to pure germanium (100 atomic %) can be used to achieve such benefits.

[0038] With further reference to Figure 2, after the boron doped germanium layer 317/319 is
provided, the method continues with depositing 208 a dielectric over layer 317/319. Figure 3D
shows dielectric 322 as being flush with the hard mask 306 of the gate stack, but it need not be.
The dielectric can be configured in a number of ways. In some embodiments, dielectric 322 is
implemented with silicon dioxide (SiO2) or other low-k dielectric materials. In other
embodiments, dielectric 322 is implemented with a silicon nitride (SiN) liner followed by one or
more layers of SiO;, or any combination of nitride, oxide, oxynitride, carbide, oxycarbide, or
other suitable dielectric materials). The dielectric 322, which may be referred to as an interlayer
dielectric (ILD), may be planarized as commonly done. Other example dielectric materials
include, for instance, carbon doped oxide (CDO), organic polymers such as perfluorocyclobutane
or polytetrafluoroethylene, fluorosilicate glass (FSG), and organosilicates such as silsesquioxane,
siloxane, or organosilicate glass. In some example configurations, the ILD layer may include

pores or other voids to further reduce its dielectric constant.

[0039] Next, in some embodiments of the present invention where a replacement metal gate
(RMGQG) process is used and as best shown in Figure 3E, the method may further include
removing the gate stack (including the high-k gate dielectric layer 302, the sacrificial gate
electrode 304, and the hard mask layer 306) using an etching process as conventionally done. In
alternate implementations, only the sacrificial gate 304 and hard mask layer 306 are removed.
Figure 3E illustrates the trench opening that is formed when the gate stack is etched away, in
accordance with one such embodiment. If the gate dielectric layer is removed, the method may
continue with depositing a new gate dielectric layer into the trench opening (designated as 324 in
Figure 3F). 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 the gate dielectric layer 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. As further shown in Figure 3F, the method may further continue
with depositing the metal gate electrode layer 326 into the trench and over the gate dielectric

layer 324. Conventional metal deposition processes may be used to form the metal gate

Docket # P38507USC2-C1 15

Page 27 of 348



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 in the gate trench followed by a suitable metal gate

electrode fill metal such as aluminum or silver.

[0040] With further reference to Figure 2, after dielectric layer 322 is provided over layer
317/319 (and any desired RMG process), the method continues with etching 210 to form the
source/drain contact trenches. Any suitable dry and/or wet etch processes can be used. Figure
3G shows the source/drain contact trenches after etching is complete, in accordance with one
example embodiment. The method then continues with depositing 212 contact resistance
reducing metal and annealing to form silicide/germanide, and then depositing 214 the
source/drain contact plugs. Figure 3H shows the contact metals 325/327, which in some
embodiments includes the silicide/germanide, although other embodiments may include
additional layers (e.g., adhesion layer). Figure 31 shows the contact plug metal 329/331, which
in some embodiments includes aluminum, although any suitably conductive contact metal or
alloy can be used for the contact plug 329/331, such as silver, nickel-platinum or nickel-
aluminum or other alloys of nickel and aluminum, or titanium, using conventional deposition
processes. The germanide/metalization 212 of the source and drain contacts can be carried out,
for instance, by silicidation with nickel, aluminum, nickel-platinum or nickel-aluminum or other
alloys of nickel and aluminum, or titanium with or without germanium pre-amorphization
implants to form a low resistance germanide. The boron doped germanium layer 317/319 allows
for metal-germanide formation (e.g., nickel-germanium). The germanide allows for significantly
lower Schottky-barrier height and improved contact resistance (including Rex) over that in
conventional metal-silicide systems. For instance, conventional transistors typically use a
source/drain SiGe epi process, with germanium concentration in the range of 30-40 atomic %.
Such conventional systems exhibit Rex 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 invention allow for a significant improvement in Rex in PMOS
devices (e.g., about a 2x improvement or better, such as a Rex of about 70 Ohm*um), which can

better support PMOS device scaling. Thus, transistors having a source/drain configured with
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boron doped germanium cap 317/319 in accordance with an embodiment of the present, with a
boron concentration in excess of 1E20 cm= and a germanium concentration in excess of 90
atomic % and up to or otherwise near pure germanium (100 atomic %) at the interface between
the source/drain regions 318/320 and the contact metals 325/327, can exhibit Rex values of less
than 100 Ohm*um, and in some cases less than 90 Ohm*um, and in some cases less than 80

Ohm*um, and in some cases less than 75 Ohm*um, or lower.

[0041] Figure 4 is a method for forming a transistor structure with low contact resistance in
accordance with another embodiment of the present invention. Figures SA through 5F illustrate
example structures that are formed as the method is carried out, and in accordance with some
embodiments. In general, this method is similar to the method described with reference to
Figures 2 and 3A-H, except that the deposition of the boron doped germanium layer 317/319 on
the source/drain regions is carried out after the dielectric 322 is deposited and etched to form the
contact trench. Thus, the method includes depositing 406 the dielectric 322 directly over the
source/drain regions 318/320, and then continues with etching 408 to form the source/drain
contact trench and then selectively deposting 410 the boron doped germanium layer 317/319 into
the trench (and directly onto the source/drain regions 318/320), as best shown in Figures 5C
through 5E. Deposting 410 can be carried out using any suitable deposition process, such as
selective epitaxy. Once layer 317/319 is provided, the contact metals 325/327 can be provided
on top of the layer 317/319, as shown in Figure S5F. This alternate methodology provides the
same benefit of improved contact resistance, but is more selective in where the boron doped
germanium is deposited. Other such selective deposition processes will be apparent in light of
this disclosure, using any suitable combination of masking/patterning and selective deposition

techniques.

[0042] As will be further appreciated, the previous relevant discussion with respect to similar
parts of the method is equally applicable here. In particular, forming 402 a gate stack and
defining 404 the source/drain regions of the transistor structure can be carried as previously
discussed with reference to the forming 202 and defining 204 previously discussed with
reference to Figure 2. Likewise, depositing 412 contact resistance reducing metal and annealing
to form silicide/germanide, and then depositing 414 the source/drain contact plugs can be carried
as previously discussed with reference to the forming 212 and defining 214 previously discussed

with reference to Figure 2.
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FinFET Configuration

[0043] As is known, FinFET is a transistor 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 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 a FinFET design is sometimes referred to as a tri-gate FinFET.
Other types of FinFET 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).

[0044] Figure 6 shows a perspective view of an example tri-gate architecture, configured in
accordance with one embodiment of the present invention. As can be seen, the tri-gate device
includes a substrate 600 having a semiconductor body or fin 660 (represented by dashed lines)
extending from the substrate 600 through isolation regions 610, 620. A gate electrode 640 is
formed over 3 surfaces of the fin 660 to form 3 gates. A hard mask 690 is formed on top of the
gate electrode 640. Gate spacers 670, 680 are formed at opposite sidewalls of the gate electrode
640.

[0045] A source region comprises the epitaxial region 631 formed on a recessed source
interface 650 and on one fin 660 sidewall, and a drain region comprises the epitaxial region 631
formed on a recessed source interface 650 and on the opposing fin 660 sidewall (not shown). A
cap layer 641 is deposited over the epitaxial regions 631. Note that the boron cap layer 641 may
be provided in the recessed (tip) regions, but in other embodiments is just provided over the
source/drain regions (and not in the recessed regions). In one embodiment, the isolation regions
610, 620 are shallow trench isolation (STI) regions formed using conventional techniques, such
as etching the substrate 600 to form trenches, and then depositing oxide material onto the
trenches to form the STI regions. The isolation regions 610, 620 can be made from any suitable
dielectric/insulative material, such as SiO2. The previous discussion with respect to the substrate
102 is equally applicable here (e.g., substrate 600 may be a silicon substrate, or SOI substrate, or

a multi-layered substrate).
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[0046] As will be appreciated in light of this disclosure, conventional processes and forming
techniques can be used to fabricate the FinFET transistor structure. However, and in accordance
with one example embodiment of the present invention, the bilayer structure of the epitaxial
region 631 and cap layer 641 can be implemented, for instance, using an in situ doped silicon or
SiGe (for 631) capped with a boron doped germanium (for 641), with an optional germanium
and/or boron graded buffer between the two bilayers. As previously explained, such a buffer
may be used to transition from a base level germanium/boron concentration compatible with the
epitaxial region 631 to the boron doped germanium cap 641. Alternatively, germanium and/or
boron concentration grading can be implemented directly in the epitaxial region 631 and/or the
cap 641, rather than in an intervening graded buffer arrangement. As will further be appreciated,
note that an alternative to the tri-gate configuration is a double-gate architecture, which includes

a dielectric/isolation layer on top of the fin 660.

[0047] Figure 7 shows a plot of a split lot showing contact resistance for transistor structures
configured with in accordance with embodiments of the present invention and standard transistor
structures configured with no cap. The transistor structures associated with the high resistance
numbers in excess of 0.18 are all implemented with standard SiGe alloy raised PMOS
source/drain regions with contact metal deposited directly thereon. The transistor structures
associated with the resistance numbers of 0.107 and lower are all similarly implemented but with
the addition a boron doped germanium cap between the source/drain regions and contact metal,
in accordance with various embodiments of the present invention. Table 1 shows the raw data
quantiles resulting from testing of the example structures with and without a boron doped

germanium cap as described herein.

Ge Cap | Min 10% 25% Median 75% | 90% | Max

Yes 0.032 | 0.032 | 0.033 0.040 0.078 | 0.105 | 0.107

No 0.183 | 0.183 | 0.192 0.239 0.250 | 0.265 | 0.265

Table 1

As can be seen, this example lot actually shows an improvement (reduction) in contact resistance
of about a three to six times (3X to 6X) over conventional transistor structures. The units are

Ohms per arbitrary area.
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[0048] Other improvements enabled by using a boron doped germanium cap in accordance
with an embodiment of the present invention will be apparent in light of this disclosure. In
particular, the resulting germanide materials and Schottky barrier height improvement enables
more than a 2x Rex improvement over that in conventional SiGe source/drain PMOS devices, in
accordance with some example embodiments of the present invention. As is known, the
Schottky barrier height is the barrier for electrical conduction across a semiconductor-metal
junction. The magnitude of the Schottky barrier height reflects a mismatch in the energy position
of the metal’s Fermi level and the majority carrier band edge of the semiconductor across the
semiconductor-metal interface. For a p-type semiconductor-metal interface, the Schottky barrier
height is the difference between the metal Fermi level and the valence band maximum of the

semiconductor.

Example System

[0049] Figure 8 illustrates a computing device 1000 configured in accordance with one
embodiment of the invention. As can be seen, the computing device 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 device 1000, etc.
Depending on its applications, computing device 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 hard disk drive, compact disk (CD), digital versatile disk (DVD), and so forth).
Any of the components included in computing device 1000 may include one or more transistor
structures as described herein. 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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[0050] The communication chip 1006 enables wireless communications for the transfer of data
to and from the computing device 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 device 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 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.

[0051] The processor 1004 of the computing device 1000 includes an integrated circuit die
packaged within the processor 1004. In some embodiments of the present invention, the
integrated circuit die of the processor includes an onboard non-volatile memory or cache, and/or
is otherwise communicatively coupled to off-chip memory that is implemented with one or more
transistor structures as 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.

[0052] 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 described herein. 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
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communication chips 1006 can be used. Likewise, any one chip or chip set can have multiple

functions integrated therein.

[0053] In various implementations, the computing device 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 device 1000 may be any other electronic device that processes

data or employs transistors.

[0054] Numerous embodiments will be apparent in light of this disclosure, and features
described herein can be combined in any number of configurations. One example embodiment
of the present invention provides a transistor device. The device includes a substrate having a
channel region, and a gate electrode above the channel region. A gate dielectric layer is provided
between the gate electrode and the channel region, and source and drain regions are provided in
the substrate and adjacent to the channel region. The device further includes a boron doped
germanium layer on at least a portion of the source and drain regions. This boron doped
germanium layer comprises a germanium concentration in excess of 90 atomic % and a boron
concentration in excess of 1E20 cm=3. The device further includes metal-germanide source and
drain contacts on the boron doped germanium layer. In one such example, the device is one of a
planar or FinFET transistor. In another example case, the device comprises a PMOS transistor.
In another example case, the device further includes an interlayer dielectric. In another example
case, the device further includes a graded buffer between the substrate and the source and drain
regions and/or a graded buffer between the source and drain regions and the boron doped
germanium layer. In one such case, the graded buffer between the source and drain regions and
the boron doped germanium layer has a germanium concentration that is graded from a base
level concentration compatible with the source and drain regions to a high concentration in
excess of 95 atomic %. In one such specific example case, the high concentration reflects pure
germanium. In another example case, the graded buffer between the source and drain regions and
the boron doped germanium layer has a boron concentration that is graded from a base level
concentration compatible with the source and drain regions to a high concentration in excess of
1E20 cm=. In another example case, the boron doped germanium layer has a graded

concentration of at least one of germanium and boron. In another example case, the source and
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drain regions comprise silicon germanium having a germanium concentration that is graded from
a base level concentration compatible with the substrate to a high concentration in excess of 50
atomic %, and the boron doped germanium layer has a germanium concentration in excess of 95
atomic %. In another example case, the source and drain regions comprise boron doped silicon
germanium having a boron concentration that is graded from a base level concentration
compatible with the substrate to a high concentration in excess of 1E20 cm=. In another
example case, the source and drain regions comprise silicon or silicon germanium, and the
device further comprises a buffer between the source and drain regions and the boron doped
germanium layer, the buffer having a germanium concentration that is graded from a base level
concentration compatible with the source and drain regions to a high concentration in excess of
50 atomic %, and a boron concentration that is graded from a base level concentration
compatible with the source and drain regions to a high concentration in excess of 1E20 cm=3. In
another example case, the boron doped germanium layer comprises a germanium concentration
in excess of 98 atomic %, and a boron concentration in excess of 2E20 c¢cm=3. Another
embodiment provides an electronic device that includes a printed circuit board having one or
more integrated circuits, wherein at least one of the one or more integrated circuits comprises
one or more transistor devices as variously defined in in this paragraph. In one such case, the
one or more integrated circuits includes at least one of a communication chip and/or a processor,
and at least one of the communication chip and/or processor comprises the one or more transistor
devices. In another such case, the device is a computing device (e.g., mobile telephone or

smartphone, laptop, tablet computer, etc).

[0055] Another embodiment of the present invention provides a transistor device. In this
example case, the device includes a substrate having a channel region, and a gate electrode above
the channel region, wherein a gate dielectric layer is provided between the gate electrode and the
channel region and spacers are provided on sides of the gate electrode. The device further
includes source and drain regions in the substrate and adjacent to the channel region, each of the
source and drain regions including a tip region that extends under the gate dielectric layer and/or
a corresponding one of the spacers. The device further includes a boron doped germanium layer
on at least a portion of the source and drain regions, and comprising a germanium concentration
in excess of 95 atomic % and a boron concentration in excess of 2E20 ¢m-3. The device further

includes metal-germanide source and drain contacts on the boron doped germanium layer. The
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device is one of a planar or FinFET transistor. In one such example case, the device further
includes a buffer between the source and drain regions and the boron doped germanium layer,
wherein the buffer has a germanium concentration that is graded from a base level concentration
compatible with the source and drain regions to a high concentration in excess of 95 atomic %,
and a boron concentration that is graded from a base level concentration compatible with the
source and drain regions to a high concentration in excess of 2E20 cm-3. In another example
case, the boron doped germanium layer has a graded concentration of at least one of germanium
and boron. In another example case, the source and drain regions comprise silicon germanium
having a germanium concentration that is graded from a base level concentration compatible
with the substrate to a high concentration in excess of 50 atomic %, and the boron doped
germanium layer has a germanium concentration in excess of 98 atomic %. In another example
case, the source and drain regions have a boron concentration that is graded from a base level
concentration compatible with the substrate to a high concentration in excess of 2E20 cm=3. In
another example case, the source and drain regions comprise silicon germanium having a fixed
germanium concentration, and the device further comprises a buffer between the source and
drain regions and the boron doped germanium layer, the buffer having a germanium
concentration that is graded from a base level concentration compatible with the source and drain
regions to a high concentration in excess of 50 atomic %, and a boron concentration that is
graded from a base level concentration compatible with the source and drain regions to a high
concentration in excess of 2E20 cm-3, the buffer having a thickness of less than 100 Angstroms.
Another embodiment provides a computing device (e.g., desktop or portable computer, etc) that
includes a printed circuit board having a communication chip and/or a processor, wherein at least
one of the communication chip and/or processor comprises one or more transistor devices as

variously defined in this paragraph.

[0056] Another embodiment of the present invention provides a method for forming a
transistor device. The method includes providing a substrate having a channel region, and
providing a gate electrode above the channel region, wherein a gate dielectric layer is provided
between the gate electrode and the channel region. The method continues with providing source
and drain regions in the substrate and adjacent to the channel region, and providing a boron
doped germanium layer on at least a portion of the source and drain regions. The boron doped

germanium layer comprises a germanium concentration in excess of 90 atomic % and a boron

Docket # P38507USC2-C1 24

Page 36 of 348



concentration in excess of 1E20 cm=3. The method continues with providing metal-germanide
source and drain contacts on the boron doped germanium layer. In some example such cases, the
method further includes providing a graded buffer between the substrate and the source and drain
regions, and/or providing a graded buffer between the source and drain regions and the boron
doped germanium layer. In another example case, the boron doped germanium layer has a
graded concentration of at least one of germanium and boron (which may be used with or
without graded buffers). This method may be employed, for example, in the fabrication of any
electronic devices such as a computing device.

[0057] The foregoing description of example embodiments of the invention has been presented
for the purposes of illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifications and variations are possible in light
of this disclosure. It is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.
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CLAIMS

What is claimed is:

1. An integrated circuit including at least one transistor device, the integrated circuit
comprising;

a fin including a first region;

a second region and a third region, the first region being between the second
region and the third region;

a gate electrode above the first region, the first region between two portions
of the gate electrode, the gate electrode including one or more
metals;

a gate dielectric between the gate electrode and the first region;

a first spacer structure and a second spacer structure adjacent opposite
sidewalls of the gate electrode, the first and second spacer structures
including one or more dielectrics;

a first cap structure on and above at least a portion of the second region, the
first cap structure comprising a germanium concentration in excess
of 50 atomic %, wherein the first cap structure does not extend
under the gate dielectric;

a second cap structure on and above at least a portion of the third region, the
second cap structure comprising a germanium concentration in
excess of 50 atomic %, wherein the second cap structure does not
extend under the gate dielectric;

a first contact structure on and above the first cap structure, the first contact
structure including one or more metals, the first contact structure
further including germanium; and

a second contact structure on and above the second cap structure, the second
contact structure including one or more metals, the second contact

structure further including germanium.
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2. The integrated circuit of claim 1, wherein the second and third regions

comprise at least one of silicon and germanium.

3. The integrated circuit of claim 1, further comprising a substrate comprising
silicon, wherein and the fin is part of the substrate, and the first and second regions

comprise silicon and germanium.

4. The integrated circuit of claim 1, wherein the second and third regions at

least one of’
extend above a topmost portion of the fin;

include a tip region that extends under a corresponding one of the spacer structures;

or

include a tip region that extends under the gate dielectric.

5. An integrated circuit including at least one transistor device, the integrated
circuit comprising;
a fin including a first region;

a source region and a drain region at least one of on or in the fin, such that the first
region is between the source and drain regions, the source and drain regions
including semiconductor material and p-type dopant;

a gate electrode at least above the first region;

a gate dielectric between the gate electrode and the first region;

a first gate spacer and a second gate spacer adjacent opposite sidewalls of the gate
electrode, the first and second gate spacers including dielectric material,

a first cap structure on and above at least a portion of the source region, the first cap
structure not present under the gate dielectric, the first cap structure
comprising a germanium concentration in excess of 50 atomic %, wherein
there is no overlap between the first cap structure and the gate dielectric;

a second cap structure on and above at least a portion of the drain region, the
second cap structure not present under the gate dielectric, the second cap

structure comprising a germanium concentration in excess of 50 atomic %,
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wherein there is no overlap between the second cap structure and the gate

dielectric;

a first contact on and above the first cap structure, the first contact including metal-

germanide; and

a second contact on and above the second cap structure, the second contact

including metal-germanide.

6. The integrated circuit of claim 5, wherein the source and drain regions

comprise at least one of silicon and germanium.

7. The integrated circuit of claim 5, further comprising a substrate, wherein the
substrate is single crystal silicon and the fin is part of the substrate, and the source and

drain regions comprise silicon and germanium and are within a faceted recess.

8. The integrated circuit of claim 5, wherein the source and drain regions at
least one of:

extend above a topmost portion of the fin;

include a tip region that extends under a corresponding one of the gate spacers; or

include a tip region that extends under the gate dielectric.

9. An integrated circuit including at least one transistor device, the integrated
circuit comprising;
a fin including a first region,;

a source region and a drain region at least one of on or in the fin, such that the first
region is between the source and drain regions, the source and drain regions

including semiconductor material and p-type dopant;
a gate electrode at least above the first region;
a gate dielectric between the gate electrode and the first region;

a first gate spacer and a second gate spacer adjacent opposite sidewalls of the gate

electrode, the first and second gate spacers including dielectric material;

a first cap structure on and above at least a portion of the source region, the first cap

structure not present under the gate dielectric, the first cap structure
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comprising a germanium concentration in excess of 50 atomic %, wherein
there is no overlap between the first cap structure and the gate dielectric;
and

a second cap structure on and above at least a portion of the drain region, the
second cap structure not present under the gate dielectric, the second cap
structure comprising a germanium concentration in excess of 50 atomic %,
wherein there is no overlap between the second cap structure and the gate

dielectric.
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CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM
OVERLAYER PRE-CONTACT METALIZATION

ABSTRACT OF THE DISCLOSURE

Techniques are disclosed for forming transistor devices having reduced parasitic contact
resistance relative to conventional devices. The techniques can be implemented, for example,
using a standard contact stack such as a series of metals on, for example, silicon or silicon
germanium (SiGe) source/drain regions. In accordance with one example such embodiment, an
intermediate boron doped germanium layer is provided between the source/drain and contact
metals to significantly reduce contact resistance. 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., FinFETs), as well as strained and unstrained channel
structures. Graded buffering can be used to reduce misfit dislocation. The techniques are
particularly well-suited for implementing p-type devices, but can be used for n-type devices if so

desired.
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attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4

Page 60 of 348



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1
CONFIRMATION NO. 5347
99256 FORMALITIES LETTER

Finch & Maloney PLLC

50 Commeroial Street R, AU
0 010850

Gateway One, Suite 300 0000
Manchester, NH 03101

962

Date Mailed: 05/29/2019

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)

Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
* The application search fee must be submitted.
* The application examination fee must be submitted.
« Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 300 basic filing fee.

+$ 160 surcharge.

+$ 660 search fee.

« $ 760 examination fee.

+ $( 0) previous unapplied payment amount.

+$1880 TOTAL FEE BALANCE DUE.

page 1of 2

Page 61 of 348
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visit our website at http.//www.uspto.gov/ebc.
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to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 36322147
Application Number: 16416445
International Application Number:
Confirmation Number: 5347

Title of Invention:

PRE-CONTACT METALIZATION

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

First Named Inventor/Applicant Name:

GLENN A. GLASS

Customer Number:

99256

Filer:

Justin K. Brask/Sheri Villarreal

Filer Authorized By:

Justin K. Brask

Attorney Docket Number:

P38507USC2-C1

Receipt Date: 17-JUN-2019
Filing Date: 20-MAY-2019
Time Stamp: 20:06:37

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number P Message Digest | Part/.zip| (if appl.)
247182
P38507USC2-
1 Transmittal Letter . no 2
C1_Tran5m|tta |_06_1 7_1 9pdf 97a93930c389d82334457706d8db6ed8b3|

ccSec8

Warnings:
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Information:

118130
) Assignee showing of ownership per 37 P38507USC2- no 3
CFR3.73 C1_Stmt_373c_06_17_19.pdf
0b1649fc92e9ec02724a30c8c807accee595)
Warnings:
Information:
155699
P38507USC2-
1
3 Power of Attorney C1_POA_82A 06 17_19.pdf no
3eB80cfc55f55090251d39913f893a2c5085¢|
Warnings:
Information:
791669
P38507USC2-
1
4 Power of Attorney C1_POA 828 06_17_19.pdf no
5e782650e8550c45a585af6b3a623e4e95¢|
Warnings:
Information:
Total Files Size (in bytes){ 1312680

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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Doc Code: TRAN.LET
Document Description: Transmittal Letter

TRANSMITTAL
FORM

(to be used for all correspondence after initial filing)

PTO/SB/21 (07-09)

Approved for use through 11/30/2020. OMB 0651-0031

uUs. Patent and Trademark Offce U S DEPARTMENT OF COMMERCE

Appllcatlon Number

16/416,445

Filing Date

May 20, 2019

First Named Inventor

GLENN A. GLASS

Art Unit 2811

Examiner Name

k Total Number of Pages in This Submission

7

Attorney Docket Number

P38507USC2-C1/111548

J

ENCLOSURES

(Check all that apply)

[

[

00O dof

Fee Transmittal Form

D Fee Attached

Amendment/Reply

D After Final

D Affidavits/declaration(s)
Extension of Time Request
Express Abandonment Request

Information Disclosure Statement

Certified Copy of Priority
Document(s)

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

DOO000 4o

Drawing(s)

Licensing-related Papers

Petition

Petition to Convertto a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Terminal Disclaimer
Request for Refund
CD, Number of CD(s)

D Landscape Table on CD

After Allowance Communication to TC

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
{Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

Statement 373C, POA's

HOOO Od

Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

Schwabe, Williamson & Wyatt P.C.

Signature

/Justin K. Brask/

Printed name

Justin K. Brask

Date

June 17, 2019

Reg. No.

61,080

-

CERTIFICATE OF TRANSMISSION/MAILING

\

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on
the date shown below:

Signature

/Sheri Villarreal/

wped or printed name

Sheri Villarreal

Date

June 17, 2019

J

This collection of information is required by 37 CFR 1.5. 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 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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.

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 inspection 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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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: Intel Corporation

Application No./Patent No.: _16/416,445 Filed/Issue Date: ™May 20, 2019

Titled: CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT METALIZATION
Intel Corporation _ g Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:| There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 027086 , Frame 0004 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

4. From:

5. From:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Justin K. Brask/

Signature

June 17, 2019

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

Date

Justin K. Brask 61080

Printed or Typed Name

Title or Registration Number

[Page 2 of 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 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.

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 inspection 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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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

Alexandria, Virginia 22313-1450
WWW.USDLO. 2OV
| APPLICATION NUMBER | FILING OR 371(C) DATE |
16/416,445

05/20/2019

FIRST NAMED APPLICANT I

GLENN A. GLASS

ATTY. DOCKETNO/TITLE |
P38507USC2-C1
CONFIRMATION NO. 5347
31817

POA ACCEPTANCE LETTER
SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600

1211 50 iy o L

Date Mailed: 06/20/2019

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 06/17/2019.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/thaile/

page 1 of 1
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" {Total or Independent) is the highest found in the appropriate box in column 1.

Substitute for Form PTO-875 16/416,445
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.18(a), (b}, or (0)) N/A N/A N/A N/A 300
SEARCH FEE
(37 CFR 1.16(K). ), or (m)) N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (8}, or (a) N/A N/A N/A N/A 760
TOTAL CLAIMS .
(37 CFR 1.16(1)) 9 minus 20= OR |x 100 - 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 3 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total g i w -
s (37 CF(:H 16(i)) Minus OR |x
) Independent * Minus | ** =
5 (37 CFR 1.16(h)) OR |x
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE®) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus = -
= (37 CF?H.IE(H) OR |«x -
% Independent * Minus | *** = _ OR M _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1
CONFIRMATION NO. 5347
31817 FORMALITIES LETTER
SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600 O O LT O
000000109042736

Portland, OR 97204
Date Mailed: 06/20/2019

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on to the NOTICE TO FILE MISSING PARTS
OF NONPROVISIONAL APPLICATION (Notice) mailed 05/29/2019 and it has been entered into the application.
The reply, however, is not a complete reply for the reason(s) listed below. A complete reply must be timely filed
to prevent ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing
Parts, Commissioner for Patents, P.O.Box 1450, Alexandria VA 22313-1450.

The period for reply continues to run from the date of the Notice mailed 05/29/2019. Applicant must submit
all required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the appropriate extension fee under the provisions of 37 CFR 1.136(a).

Applicant’s reply to the Notice mailed on 05/29/2019 was received in the U.S. Patent and Trademark Office

on , after the expiration of the two month period for reply set forth in the Notice. The application will become
abandoned unless applicant obtains an extension of the period for reply, as above. The petition must be
accompanied by the appropriate fee as set forth in 37 CFR 1.17 (see the current fees below). The date on which
the reply, the petition, and the fee have been filed is the date of the reply and also the date for purposes of
determining the period of extension and the corresponding amount of the fee due. The expiration of the time
period is determined by the amount of the fee paid. Applicant is advised that extensions may not be granted
under 37 CFR 1.136(a) for more than FIVE MONTHS beyond the time period set in the Notice.

Items Required to Avoid Abandonment:
The required items noted below SHOULD be filed along with any items required above.

* The statutory basic filing fee is missing.
* The application search fee was not received.
* The application examination fee was not received.
« Surcharge as set forth in 37 CFR 1.16(f) was not received.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

page 1 of 3
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SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of the Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 300 basic filing fee.

+$ 160 surcharge.

+ $ 660 search fee.

+ $ 760 examination fee.

+ $( 0) previous unapplied payment amount.

+$1880 TOTAL FEE BALANCE DUE.

Mail date of Notice: 05/29/2019
Last date that extension may be obtained: (Note: The petition and fee must be received 12/29/2019
by this date, or include a proper certificate of mailing under 37 CFR 1.8 with a date on or

before this date, and extend the time to include this date.)

Length of Extension of Time Fee under 37 CFR 1.17(a) effective March 19, 2013
“""""{response due on or before) | | Undiscounted  Smali Entity 1 Micro Entity
One Month (08/29/2019) $200 $100 $50
Two Months (09/29/2019) $600 $300 $150
Three Months (10/29/2019) $1400 $700 $350
Four Months (11/29/2019) $2200 $1100 $550
Five Months (12/29/2019) $3000 $1500 $750

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:/www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

GLENN A. GLASS
Application No.: 16/416,445
Filed: May 20, 2019

For: CONTACT RESISTANCE REDUCTION

EMPLOYING GERMANIUM OVERLAYER PRE-

CONTACT METALIZATION

Examiner: N/A

Art Unit: 2811

Confirmation No.: 5347

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

RESPONSE TO NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION,

Dear Examiner:

This is in response to the Notice to File Missing Parts of Nonprovisional

Application mailed May 29, 2019 and June 20, 2019, please find enclosed:

- Payment in the amount of $160

.00 for the surcharge of 37 CFR §1.16(f);

- statutory basic filing fee in the amount of $1720.00

If any additional fee is required, please charge deposit account No. 50-0393.

July 29, 2019

Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

/Justin K. Brask/

Date
1211 SW 5™ Ave., Ste. 1900
Portland, OR 97204

Telephone: (503) 222-9981
Facsimile: (503) 796-2900

Docket No. P38507USC2-C1

Page 77 of 348

Justin K. Brask
Reg. No. 61,080



UNITED Stares Patent aND TRaDEMARK OFFIGE

T OF COVMERET:
:frk Office

E APPLICATION NUOMRER I FILENG QR 373C DATE ; PIRET NAMEBD AMRLICANTY I ATTY. DOCKET NOITILE i
16/416,443 {15/20/2019 GLENN AL (GLASS PASSGTUSC2-C
CONFIRMATION NO. 5347
31817 FORMALITIES LETTER
SCHWABE, WILLIAMSON & WYATT, P.C. R
1211 SW 5th Avenue, Suite 1600 i Emog I(!&IMEE&EI PN
Portland, OR 97204 Qe 1090a2 736"

Date Mailed: 06/20/2019

NOTICE OF INCOMPLETE BREPLY (NONPROVISIONAL)
Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on to the NOTICE TO FILE MISSING PARTS
CF NONPROVISIONAL APPLICATION {Notice) mailed 05/29/2018 and it has besn entered into the application.
The reply, however, is not a complete reply for the reason(s) listed below. A complete reply must be timely filed
to prevent ABANDONMENT of the above-identified application. Replies should be mailed to: kMait Stop Missing
Parts, Commissioner for Patents, £.0.8Box 1450, Alexandria VA 22313-1450.

The period for reply continues te run from the date of the Notice mailed 05/29/2019. Applicant must submit
all required items and pay any fees required below o avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the appropriate extension fee under the provisions of 37 CFR 1.136(a).

Appficant's reply to the Notice mailed on 05/29/2018 was received in the U.S. Patent and Trademark Office

on , after the expiration of the two month period for reply set forth in the Notice. The application will beconie
abandoned uniess applicant cbtains an extension of the period for reply, as above. The petition must be
accompanied by the appropriate fee as set forth in 37 CFR 1.17 {see the curent fees below). The date on which
the reply, the petition, and the fee have been filed is the date of the reply and aiso the date for purposes of
determining the period of extension and the corresponding amount of the fee due. The expiration of the time
period is determined by the amount of the fee paid. Applicant is advised that extensions may not be granted
under 37 CFR 1.136(a) for more than FIVE MONTHS beyond the time period set in the Notics,

ftems Required to Avoid Abandonment:
The required items noted below SHOULD be filed along with any items required above.

+ The statutory basic filing fee is missing.
« The application search fee was not received.
« The application examination fee was not raceived.
» Surcharge as set forth in 37 CFR 1.16{1} was not received.
The surcharge is due for any one of:
+ late submissicn of the basic filing fee, search fee, or examination fee,
* late submission of inventors gath or declaration,
« fiting an application that does not contain at feast one claim on fifing, or
« submission of an application filed by reference to a previously filed application.
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The fea(s} reguired within TWO MONTHS front the date of the Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for smali entity status, a written assertion of
shiali entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is quatlified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.28 and forms PTO/SBE/15A and 15B.)

+ § 300 basic fiting fee.

«§ 160 surcharge.

» $ 660 search fee.

+ § 760 examination fee.

+ §{ 0) previous unapplied payment amount.

«§ 1880 TOTAL FEE BALANCE DUE.

Mail date of Notice: 05/29/2019
{.ast date that extension may be obtained: (Note: The petition and fee must be received  12/29/2019
by this date, or include a proper certificate of mailing under 37 CFR 1.8 with a date on or

before this date, and extend the time o inchude this date.)

{ength of Extension of Time Fee under 37 CFR 1.17{a) effective March 18, 2013
" lresponse due on or before) | undiscounted . omall Entty . Micro Entity
One Month {08/29/2019) $200 $100 $50
Two Months {09/29/2019} $600 $300 $150
Three Months (10/28/2019) $1400 $700 $350
Four Months {11/29/2019} $2200 $1100 $550
Five Months {12/29/2019) £3000 $1500 &750

Repties must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission unger 37 CFR 1.8 with a mailing or transmission date within the set ime periad. For more
information and a suggested format, see Form PTO/SB/A2 and MPEP 512.

Replies should be maited to:

Mail Stop Missing Parts
Commissioner for Patents
P.QO. Box 1450

Adexandria VA 22313-1450

Registered users of £EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice”.
https.ffsportal. usple. goviauthegticate/Authenticatelsed ocalEPE htmi

For more information about EFS-Web please calf the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at hitp/'www.uspio.goviebe.

I vou are not using EFS-Web to submit vour reply, yvou must include a copy of this naotice.

Questions shout he contents of s nofice and the
requirements 1t sets forth should be directed to the Office
ol Data Magagement, Application Assistance Unig, at
(578) 272-4000 or (371) 272-4200 or 1-888-786-0101.
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Electronic Patent Application Fee Transmittal

Application Number:

16416445

Filing Date:

20-May-2019

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Filer:

Justin K. Brask/Sheri Villarreal

Attorney Docket Number:

P38507USC2-C1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1880
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Electronic Acknowledgement Receipt

EFS ID: 36714820
Application Number: 16416445
International Application Number:
Confirmation Number: 5347

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Customer Number:

31817

Filer:

Justin K. Brask/Sheri Villarreal

Filer Authorized By:

Justin K. Brask

Attorney Docket Number:

P38507USC2-C1

Receipt Date: 29-JUL-2019
Filing Date: 20-MAY-2019
Time Stamp: 15:13:40

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1880

RAM confirmation Number E20197SF14288859
Deposit Account 500393

Authorized User

Sheri Villarreal

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

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (if appl.)
73931
1 Applicant Response to Pre-Exam P38507USC2- no 1
Formalities NOtice C1_RTM P_07_29_1 9pdf €51327094d2cc10421635e0dcdeb2eba68y]
9cbbe
Warnings:
Information:
159106
) Applicant Response to Pre-Exam P38507USC2- no 3
Formalities NOtice C1_NTFMP_06_20_] 9pdf 5434691c8d161182d096a463a88d81d451
32ele2
Warnings:
Information:
37102
3 Fee Worksheet (SB06) fee-info.pdf no 2
b789b9e7{33db600b4f37c9f519aff725062
047e
Warnings:
Information:
Total Files Size (in bytes){ 270139

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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Under the Paperwork Reduction Act of 1995, no persons are req

ired to respond to a collection of informa

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

tion unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Aeplication or Docket Number | Fiing Date
Substitute for Form PTO-875 16/416,445 05/20/2019 (J7o be Mailed
ENTITY: LARGE (0 smaLL (J micro
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BasiC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
] sEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
E] EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) NIA NiA N/A
TOTAL CLAIMS . .
(37 CFR 1.16(i)) minus 20 = x $100 =
INDEPENDENT CLAIMS . -
(37 CFR 1.16(h)) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déigufﬁg(o;\; SIZE FEE (37 for small entity) for each additional 50 sheets or
1ots fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 07/31/2019 Z‘E#"EAF'{N'NG ’;H'&"VB%TJSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
=| e 20 Mins |+ 20 -0 x $100 - 0
E Independent | 3 Minus | **3 =0 x $460 - 0
< | U Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RE/';"F"}'E';‘NG PRNEL\J/'\IAC?LIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE (§)
'E AMENDMENT PAID FOR
L | Total * i x - -
= | 37CFR1.160) Minus — X $ 0 -
2 | Independent . : . — _
E 370»% L16(n) Minus — X $ 0 -
E Application Size Fee (37 CFR 1.16(s))
] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
“* If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /DIANE FLOYD/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, 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.
1/f you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Glass et al. Examiner: Not yet assigned
Application No.: 16/416,445 Art Unit: 2826
Filed: May 20, 2019 Confirmation No.: 5347
For: CONTACT RESISTANCE
REDUCTION EMPLOYING

GERMANIUM OVERLAYER PRE-
CONTACT METALIZATION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
PRELIMINARY AMENDMENT
Dear Examiner:

This Preliminary Amendment is being filed in the above matter before the mailing
of a first Office Action from the United States Patent and Trademark Office. Applicants
respectfully request the Examiner to enter this Amendment and consider the following
remarks.

The Listing of Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 8 of this paper.
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Amendment to the Claims:

This listing of claims will replace all prior versions and listings of claims in the

application.

Listing of Claims:

1.-9. (Canceled)

10. (New) An integrated circuit structure, comprising:
a fin comprising silicon;
a gate electrode over the fin;

a first source or drain region in the fin proximate a first side of the gate electrode,
the first source or drain region comprising two or more facets and a top surface, wherein
the first source or drain region comprises silicon and germanium having a germanium

concentration graded to a concentration in excess of 50%;

a first germanide layer over the top surface of the first source or drain region, the

first germanide layer comprising silicon, germanium and titanium,

a second source or drain region in the fin proximate a second side of the gate
electrode opposite the first side, the second source or drain region comprising two or
more facets and a top surface, wherein the second source or drain region comprises
silicon and germanium having a germanium concentration graded to a concentration in

excess of 50%; and

a second germanide layer over the top surface of the second source or drain

region, the second germanide layer comprising silicon, germanium and titanium.

App. No. 16/416,445 2 Title:CONTACT RESISTANCE REDUCTION
< EMPLOYING GERMANIUM OVERLAYER
Docket No. P38507USC2-C1 PRE-CONTACT METALIZATION
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11. (New) The integrated circuit structure of claim 10, wherein the first and second

source or drain regions have a boron concentration greater than 1E20.

12. (New) The integrated circuit structure of claim 10, wherein the first and second
source or drain regions have a boron concentration graded from a base level to a

concentration in excess of 1E20.

13. (New) The integrated circuit structure of claim 10, wherein the fin comprises a

strained channel between the first and second source or drain regions.

14. (New) The integrated circuit structure of claim 10, wherein the first and second

source or drain regions are P-type.

15. (New) An integrated circuit structure, comprising:
a body comprising silicon,
a gate electrode over the body;

a first source or drain region in the body proximate a first side of the gate
electrode, the first source or drain region comprising two or more facets and a top
surface, wherein the first source or drain region comprises silicon and germanium having

a germanium concentration graded to a concentration in excess of 50%;

App. No. 16/416,445 3 Title:CONTACT RESISTANCE REDUCTION
< EMPLOYING GERMANIUM OVERLAYER
Docket No. P38507USC2-C1 PRE-CONTACT METALIZATION
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a first germanide layer over the top surface of the first source or drain region, the

first germanide layer comprising silicon, germanium and titanium,

a second source or drain region in the body proximate a second side of the gate
electrode opposite the first side, the second source or drain region comprising two or
more facets and a top surface, wherein the second source or drain region comprises
silicon and germanium having a germanium concentration graded to a concentration in

excess of 50%; and

a second germanide layer over the top surface of the second source or drain

region, the second germanide layer comprising silicon, germanium and titanium.

16. (New) The integrated circuit structure of claim 15, wherein the first and second

source or drain regions have a boron concentration greater than 1E20.

17. (New) The integrated circuit structure of claim 15, wherein the first and second
source or drain regions have a boron concentration graded from a base level to a

concentration in excess of 1E20.

18. (New) The integrated circuit structure of claim 15, wherein the body comprises a

strained channel between the first and second source or drain regions.

19. (New) The integrated circuit structure of claim 15, wherein the first and second

source or drain regions are P-type.

App. No. 16/416,445 4 Title:CONTACT RESISTANCE REDUCTION
< EMPLOYING GERMANIUM OVERLAYER
Docket No. P38507USC2-C1 PRE-CONTACT METALIZATION
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20. (New) A computing device, comprising:
a board; and

a component coupled to the board, the component including an integrated circuit

structure, comprising:
a fin comprising silicon;
a gate electrode over the fin;

a first source or drain region in the fin proximate a first side of the gate
electrode, the first source or drain region comprising two or more facets and a top
surface, wherein the first source or drain region comprises silicon and germanium

having a germanium concentration graded to a concentration in excess of 50%;

a first germanide layer over the top surface of the first source or drain

region, the first germanide layer comprising silicon, germanium and titanium;

a second source or drain region in the fin proximate a second side of the
gate electrode opposite the first side, the second source or drain region comprising
two or more facets and a top surface, wherein the second source or drain region
comprises silicon and germanium having a germanium concentration graded to a

concentration in excess of 50%; and

a second germanide layer over the top surface of the second source or
drain region, the second germanide layer comprising silicon, germanium and

titanium.

21. (New) The computing device of claim 20, further comprising:

a memory coupled to the board.

App. No. 16/416,445 5 Title:CONTACT RESISTANCE REDUCTION
< EMPLOYING GERMANIUM OVERLAYER
Docket No. P38507USC2-C1 PRE-CONTACT METALIZATION
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22. (New) The computing device of claim 20, further comprising:

a communication chip coupled to the board.

23. (New) The computing device of claim 20, further comprising:

a camera coupled to the board.

24. (New) The computing device of claim 20, further comprising:

a global positioning system coupled to the board.

25. (New) The computing device of claim 20, further comprising:

a battery coupled to the board.

26. (New) The computing device of claim 20, further comprising:

an antenna coupled to the board.

27. (New) The computing device of claim 20, wherein the component is a packaged

integrated circuit die.

App. No. 16/416,445 6 Title:CONTACT RESISTANCE REDUCTION
< EMPLOYING GERMANIUM OVERLAYER
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28. (New) The computing device of claim 20, wherein the component is selected from
the group consisting of a processor, a communications chip, and a digital signal

processor.

29. (New) The computing device of claim 20, wherein the computing device is selected
from the group consisting of a mobile phone, a laptop, a desk top computer, a server, and

a set-top box.

App. No. 16/416,445 7 Title:CONTACT RESISTANCE REDUCTION
< EMPLOYING GERMANIUM OVERLAYER
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REMARKS

The Examiner is respectfully requested to contact the undersigned by telephone if

it is believed that such contact would further the examination of the present application.

Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize

the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that

requires a petition for extension of time as incorporating a petition for extension of time

for the appropriate length of time and (2) charge all required fees, including extension of

time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.

July 31, 2019

Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

/Justin K. Brask/

Date

1211 SW 5% Ste. 1900
Portland, OR 97204
Telephone: (503) 222-9981
Facsimile: (503) 796-2900

App. No. 16/416,445
Docket No. P38507USC2-C1
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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.
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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
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
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Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
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FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
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TAHIR GHANI, Portland, OR;
Applicant(s)
INTEL CORPORATION, Santa Clara, CA;
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/28/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/416,445

Projected Publication Date: 11/07/2019

Non-Publication Request: No

Early Publication Request: No

Title
CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT
METALIZATION

Preliminary Class
257

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

page 2 of 4

Page 97 of 348



For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Abstract of CNTOIE22830 (&)

A method of forming & transistor with salf-
aligned source and drain extensions in ok
close proximily 1o & gate dislectric layer of

the transistor comprises forming a gate
stack on a substrate, implanting a dopant |

into regions of the substrate adjacent fo | ;
the gate stack, wherein the dopant e

increases the etoh rate of the substrate From e
and defines the location of the sourcs and drain extensions, forming & pair of spacers
on laterslly opposite sides of the gate slack that are disposad alop the doped regions of
the substrate, stching the doped regions of the substrate and portions of the substrate
subjacent to the doped regions, wherein an etch rate of the doped regions is higher
than an stch rate of the portions of the substrate subjacent o the doped regions, and
depositing a silicon-based matenial in the etched portions of the subsirate.
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atent Transiate

Fowersd by EPFO and Goagls

Notice

This translation is machine-generated. 1 cannol be guaranteed that it is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as comumercially relevant or financial decisions, should not be
based on machine-translation output.

DESCRIPTION CN101622690

A wethod of forming a transistor having a self-aligned source and drain extension that is in dose proximiliyio a
gate dielectric laver of a transistor includes: forming a gale stack on a subsirate; implanting dopants info the
substrate and In a region adjacent to the gate stack, wherein the dopant increases the etch rate of the substrate and
defines the locations of the source and drain extensions; forming a pair of isclation lavers on laterally ppposite
sides of the gate siack, The isolation layer 1501 top of the doped reglon of {he substrate; the doped region of the
etched substrate and the portion of the subsirate under the doped region, whereiny the doped reglon has anetch
rate higher than the subsiraie Is at the doping An efch rate ol 4 portion below the bnpurily region; and depositing
a stheon-based material int {he etched portion of the substrate.
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Semiconductor device with self-aligned epitaxial source and drain exiensions
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Improvements i the performance of circuit devices on a substrate, such as integrated circuit (IC) transistors,
resisiors, capacitors, ete. on a semiconducior subsiraie, are often {he primary considerations during the design,
manufacture, and operation of these devices. For example, during the design and fabrication or formation of
metal oxide semiconductor (MOS} fransistor seraiconductor devices stch as those used in complementary metal
oxide semiconductors {CMOS}, it 1s pfien desirable to increase electrons in the N-type MOS device (NMOS)
channel region. The motion and incréase the motion of positively charged holes in the channel region of the P-
type MOS device (PMOS).
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One way to reduce the tola resistance of a MGQS devica is to dope the region between the source/drain region
and the changel region {referred to as the tip region of the MOS device}. For examiple, dopants can be implanted
in the source/drain regions and can be annealed to diffuse dopanis into the channel region.
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Because of the implantation and diffusion methods, the ability {0 control dopant concentration and position s
Himited. In addition, the dimensions of other parts of the MOS8 device, such as the thickness of #ts offset spacer,
can also have a large impact on the position of the tip region. All of this inturn affects the ability of the tip reglon
to maximize dopant conventration and access the channel region. Therefore, there s a need for lmproved
methods or structures {o overcome the Undtations of conventional tip regions.
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Figare 1A shows a conventional MOS devire including source and diain tip vegions,

SIATH T O ER R AR I R EMOSE 5

Figare 1B shows s MOS device including source and deain epitaxial extensions;

BTl T IR AN AR A T MOSER

Figure 1C shows how the thickness of the isolation layer affects the etching of the epilaxial extension of the MOS
device;

MIORHTRS EFREEWMOSE SR Ea i 8y,

Figure 113 15 a graph showing the dependence of U to UC distance on the thickness of the isolation layer;

FIDREHUCHUCES S S EEEN s Rov ik,

2 is a method of forming source and drain epitaxial extensions in accordance with an emnbodiment of the present
invention. ;

R B AR S R SR AU R R R R AN T

Figures 3A through 31 llusirate structures formed when the method of Figure 2 is performed;
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4 is a graph showing how the UC {o UC distance of 2 MOS device formed in accordance with an embodiment of
the present invention is less dependent on the thickness of the isolation laver.
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Described herein are sysiems and methods for forming epitaxial source and drain extensions in a MOS device. In
the following description, various aspects of {he exemplary embodiments will be described in terms of what is
generally emiploved by those skilled in the art in However, it will be apparent to those skilled in the art that the
present invention may be practiced using only some of the described aspecis. For the purposes of explanation,
specific quantifies, materials, and constructions are set forth in order to provide a thorough anderstanding of the
exemplary embodiments. However, it will be apparent to those skilied in the art that the present invention may
be practiced without the specific details. In other instances, well-known features ave omitied or simplified in

order to avold obscuring the exemplary embodiments.
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The various operations are described as a plurality of discrete operations and, conversely, are described in a
manner that is most helpfud in understanding the invention. However, the order of the description should not be
construed as implying that the operations are necessarily related {o the order. In particular, it is not necessary to
perform these operations in the order presented.
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As a background art, conventional metal oxide semiconductor (MOS) transistors include source and drain “tip
regiorss” which are desigried to reduce the total resistance of the transistor while improving shorf channed effects.
These tip regions are portions of the substrate thad are implasied with dopants swch as boron or carbon using
implantation and diffusion technigues. A source tp region is formed in a region between the source region and
the channed region. Simylarly, the drain tp region is formed in a region betwween the drain reglon and the channel
region. The tip region is minimally diffised below the gate dieleciric laver of the transistor.
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FI:, 1A shows a conventional MOS transistor 100A formed on a substrate 182, The source region 118 and the
drain region 112 are typically formed by implanting a dopant such as boron into the substrate or by etching the
substrate and then epitaxially depositing silicon or silicon germanium miaterial. A gate stack 122 is formed on top
of the channel region 120 of the iransistor 100A. The gate stack 122 fncludes a gate dielectric laver 106 and a gate
elecirode 104. A pair of isolation lavers 108 are formed adjacent {o the gate stack 122,

BT T RAEREI02 L A AEMOS L 8 100A.
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As is known in the art, the isolation layer 108 (ypically produces ¢ disiance of between about 10 and 20
nanometers {nm} between the edge of the gate dizlectric layer 108 and the edge of each of the source and drain
regions 118/112, I is within {his interval that the source {ip region 110A and the drain tip region 1124 are
formed. The iip region 110A/112A overlaps the isolation layer 108 and may overlap or under the gale dielectric
laver 106 by a distance of Jess than 10 nm.
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The source tp region 110A and the drain tp region [12A are typically fabrivated using implantation and
diffuston techniques. First, a dopant &s implanted into the source region 110 and ihe drain region 112, Doping
agenis which may be used include, but are not limited {o, borog, arsenic, anlimony, phosphorus, indium, or
antimony. The doping amount may beintherangeof | X i< ld>t0l X W< 8 >atoms/om< 3 >
Transistor 1004 is then annealed to diffuse dopants into channel region 120, The dopant can also be implanted
further into those regions between the gate dielectric layer 106 and the source/drain regions 110/112 using a tilted
ion implantation technique.
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Unfortunately, as will be appreciated by those skilled in the ari, the shape of the {ip region 110A/112A, the
distance the dopant penetrates under the spacer layer 108, and the concentration gradient of the tip region
110A/112A ali depend on the dopant. Diffusion properties in the substrate material. For example, the
concentration of the tp region will be higher near the source/drain regions 118/ 2 and lower niear the channel
region 120, Although highly desirable, i 15 almost impossible to make the dopant concentration very high near
the channel region 120 withoul driving the dopant info the channel region 120, Furihermore, the source and
drain regions 1187112 cannot be moved closer to the channel region 120 because dopants may be driven into the
channel region 120 again. This limits the extent to which the source and drain regions 110/112 are formed in
close proximity to the channel region 120, thereby Himiting the exient {o which the pate length can be reduced.
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Figure 1B shows an improved MOS {ransistor 100B formed on a subsirate 102 using source and drain
“extenstons”. Rather than implanting and diffusing dopanis under isolation layer 108 to form the tip regions,
MO wransistor 100B uses undercut etching to allow source regions 110 and drain regions 112 to extend o
isolation fayer 108 and pate dieleciric laver 106, Below. The portion of the source/drain regions 116/112
extending below the isolation laver 108 is referred to as a source extension poriion 110R and a drain extension
portion 1128, The source and drain extensions 110B/11ZB replace the less desirable tip regions 110A/112A
shown in Figure 1A,
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The source/drain regions 110/112 and the source/drain extensions HH0B/112B are formed by etching the
substrate, ncluding undercutting the isolation laver, and then epltaxially depositing a silicon or silicon
germanium material. The source and drain extensions 1108/112B are thus formed in the same process steps as
the source and drain regions 1107112, which reduces the total number of process steps. The source and drain
extensions 110B/112B also provide other advantages with raspect to the source/drain tip regions 118A/112A. For
example, unlike conventional tip regions, the latiice structure of source/drain extensions 110B/112B causes strain
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in channel region 128, which increases electvon mobility and thus reduces resistance in the channel.
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Another advaniage is {hat the inferface between the source/drain extensions 110B/112B and the subsirale material
182 forming the channel region 120 is abrupt. On one side of the interface is an epifaxially deposited doped
siticon material, and on the other side of the interface is a subsirate material constifuting the channel region 124
This configuration enables the epiaxial source/drain extensions 110B/112B to bring the heavily doped silicon
material very close to the channel region 120, The dopants in the epitaxial source/drain extensions 110B/112B are
substantially or completely retained in the extension without {ending to diffuse fnto the channel region 120,
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Unfortunately, conventional methods of forming source and drain extensions 110B/112B have some
disadvantages. A disadvantage is shown in Figures 1B and 1O, As shown, conventional undercut etching
technigues resulf it a sub-bore region forming a buliet-shaped profile. In other words, more substrate naaterial is
etched at a lesser distance below the gate diefectric layer 106 than at a substrate material that is directly eiched
adjacent the gate dieletiric layer 186, Thus, the source extension portion 1108 and the drain extension portion
112B also each have a bullet-shaped profile, which produces a less than optimal strain in the channel region 120,
In addition, there are many varlations in the resulting final source and drain extensions 1188/112B due to many
variations in conventional undercut efch techniques.
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Another disadvaniage of conventional methods of forming source and drain extensions 110B/112E relates {o the
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wffect of isolation laver thickness on undercut efching, as shown in Flgures 1B and 1C. Beginning with FIG. IR,
the illustrated MOS transistor 1008 has an offsel isolation layer 108 having a first thickness x1. A substrate etch is
performed to undetcut the isolation laver 18 and a portion of the gate diclectric Tayer 106 to form source and
drain extensions 1108/112B, The undercut tangent {UC to UC) distance 114 separates the source extension
portion 1108 from the drain extension portion 1128,
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Turning to FIG, 1C, MQS transistor 100C is shown having an offset isolation laver 108 having a thickness of x2.
Here, the thickness x2 is much larger than the thickness x1 of the isolation layer 108 in FIG. 1B, As aresult, the
thicker isolation Iayer 108 pushes the undercut etch while the substrate is being etched, and the source/drain
extensions 110B/112B are formed further away from the channel region 120 of the iransistor H0C. Therefore, the
substrate etching undercuts a small surface area under the MOS wansistor 0. Therefore, the UC 1o UC
distance 116 of the MOS transisior 100C Is much larger than the UC {o UC disiance 114 of the MOS transistor
100B. Unfortunately, changing the UC to UC distance in this way causes 8 large drive current change to the MOS

transistor.
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FIG. 1D Is a graph showing how the thickness of the spacer affects the UC to UC distance in a device formed by a
known method. The graph provides data represented by line 118, showing that as the thickness of the isolation
layer increases, the UC {o UC distance also increases, resulting in large drive current variations. Typically, the UC
to UC distance is increased by aboud 2 nun for each nanomeder (nun} increase in the thickness of the isolation
laver. Thus, forming the source/drain extensions using conventional methods allows the thickness of the offset
isolation layer fo have a karge effeci on the performance of the MOS device,
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In order to address the sbove problems, embodiments of the present invention provide methods of forming
novel, seif-aligned and epitaxially deposited source and drain extensions. The epitaxial source and drain
extensions of the present invention place the highly doped silicon material very close to the channel region of the
MOS transistor. And because the source and drain extensions are self-aligned, they are much less affected by the
thickness of the offset isolation fayer than conventional processes,

H {;,~§\,»~ 3 ":«f!

AT

BT b bkik:
WA

:}’T‘ Ei vij fﬁ‘?p

2 is a method 200 of constructing a MOS transistor having self-aligned epitaxial source and drain exiensions. 3A
through 3E ilustrate structures formed when the method 200 of FIG. 2 is performed.
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The method 200 begins with a semiconducior substraie on which a MOS device sach as a MO transistor can be
formed (process 202 of FIG. 2}. The semiconductor substrate can be formed wsing bulk silicon or a silicon-on-
insulator underiayer struciure. In other embodiments, other materfals may be used o form the semiconductor
substrate. Other malerials may or may not be combined with sificon, including but notlimiled o germaniam,
antimony telluride, lead telluride, indium arsenide, indium phosphide, Gallium arsenide or gallium antimonide.
Although some examples of materials that can form a substrate are described herein, any material that can serve
as a basis for making a semiconductor device is within the spirit and scope of the present invention.
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A gate stack {204) is formed on the semiconductor subsirate. In some embodiments of the invention, the gate
stack can be formed by depositing and then patterning the gate dielectric layer and the gate electrode layer. For
example, in one embuodimend, the gate dieleciric layer can be blankeled using conventional deposilion processes
such as chemical vapor deposition {CVD), atomic fayer deposition (ALD}, spin-on deposition (SOD), or
phiysical vapor deposition {(FVD}. Deposiied onto a semiconductor substraie. Other deposition techniques can
also be used, for example, the gate dielectric laver can be thermally grown. Nexd, a gae elecirode material can be
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deposited on the gate dielectric layer using a similar deposition techpique such as ALD, CVD or PVD. I somie
embodiments, the gate electrode materisl is a polysilicon or metal layer. It some embodinments, the gate electrode
material is a sacriflcial material that can Iater be removed to perform a replacement metal gate process. A
conventional patterning process can then be performed to efch away portions of the gate electrode layer and the
gate dielectric aver (o form a pate stack.
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The gate dielectric material can be formed from a material such as silicon dioxide or a high-k dielectric material
Examples of high-k gate dielectric materials that may be used include, but are not limited to, hafnium oxide,
hafnium silicon oxide, hafnlum oxide, hafrdum aluminum oxide, zircontum oxide, Zirconium oxide silicon,
hafnium oxide, titanium oxide, niobium oxide, nioblum oxide , bismuth oxide Hianiuny oxide, cerfum oxide,
alumninum oxide, lead oxide bismuth and lead zine citrate. In some embodiments, the high-k gate dielectric laver
casn have g thickness of about § angsiroms <img class="EMIRef" id="102184587-1dfB081" /> o about <img
tlass="EMIRef" id="102184587-1dfB02 * />
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betweean. In other embodiments, additipnal processing, such as an annealing process, can be performed on the
high-k gate dislectric layer to improve ihe quality of ihe high-k material.

S FERESRRE T R RS BT A A, BT, LS
el &

FIG. 3A shows a substrate 300 onn which a gate stack is formed. In the embodiments described herein, the gate
stack can include a high-k gate dielectric layer 302 and a sacrificial gate electrode 384, In other embodiments, the
pate stack can inclade a sificon dinxide gate dielectric layer and a polysilicon gate electrode. The gate stack can
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also include a gate hard mask layer 3085 that can provide certain advantages or uses during processing, such as
proteciing the pate electrode 304 from subsequent ion implantation processes. In an embodiment of the
invention, the hard mask fayer 366 can be formed using a miaterial conventionally used as a hard mask, suchasa
conventional dielectric material.
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After forming the gate stack, an ion implantation process is performed to highly dope the portion of the substrate
arfjacent o the gate stack (208}, According to an embodiment of the present invention, a dopant used i an ion
implantation process in which the dopant is to be implanited is selected based on its ability to Increase the etching
rate of the substrate malerial. The particular dopant selected for the ion implantation process can vary depending
on the substrate material and the efchant used in the subsequent efching process. Since most substrates confain
large silicon, germanium or antimonide compositions, doparis that increase the etch rate of silicon, germanium
or indium antimonide are often selecied.
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In embodiments of the invention, specific dopants that may be selected to increase the elch rafe of the substrate
include, bui are not Hinited {0, carbon, phosphorus, and arsenic. For example, the implaniation energy between
S and 15 kilo-electron volts (keV} may be ulilized to use carbonatadose ranging rom I x 10< 14 > o Ix 10 <
16 » atoms/om < 3 >, Phosphorus may be used at a dose ranging from 1 x 10 < 14 > 10§ x 10 < 15 > atoms/om <
3 > with an implantation energy belween | and 5 ke'V. The implatation energy befween 2 and S keV can be
utilized to use arsenic af a dose ranging from 1 x 10 < 14 » {0 5x 10 < 15 > aloms/om < 3 ».
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In an embodiment of the invention, ion implantation ocours substantiafly in a vertical direction {i.e., a direction
perpendicular to the substrate). In some embodimenis, at least a portion of the fon implaniaiion can occur ina
tilting direction to implant jons below the gate stack. As described above, if the gate electrode contains medal, a
dielectric hard mask can be formed on the gate stack {0 prevent doping of the metal gate electrode.
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Next, an anneal §5 performed to further drive the dopant into the substrate and reduce any damage experienced

by the substrate during the ion implantation process (207). The implantation and subsequeni annealing can drive

the fons to a substraie depth between 2 nm and 20 nm. Annealing can be carried out af temperatures between 70
Cand 1180 " C for up to one minute, for sxample for five seconds.
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FIG. 3B shows {he substrate 300 afier the ion implentation and diffusion process. As shown, the lon implaniaiion
pracess produces two doped regions 308 adjacent to the gale dielectric fayer 302, When exposed to a suifable
etchant, the etch rate of doped region 308 will be higher than the etch rate of the surrounding substrate material.
One of the doped regions 308 will serve as pari of the source region of the MOS fransistor being formed,
including the self-aligned epitaxial source extension. Another doped region 308 will serve as part of the drain
regio: of the MOS transistor, including a self-aligned epitaxial drain extension. In the illustraied embodiment, &
portion of the doped region 308 is located below the gate dieleciric layer 382, In various embodiments of the
invention, the dimensions of the doped regions 308, including thelr depth, may vary depending on the
requirements of the MOS transisior being formed,
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Next, an isolation layer (208) is formed on either side of the gaie stack. The spacer layer can be formed using
conventional materials fncluding, but not limifed to, silicon oxide or silicon nitride. The width of the isolation
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laver can be sedected based on the design requirements of the MOS fransistor being formed. According o an
embodiment of the invention, the width of the isolation laver is noi constrained by the design caused by the
formation of the epitaxial source and drain extensions. FIG. 30 shows substrate 300 with isolation layer 318
formed on either side of gate elecirode fayer 304 and gate diglectric fayer 302,
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After the isolation laver is formed on the substrate,  dry efching process may be perforned to etch the doped
reglons and etch a portion of the substrate to fornt g cavity in which {he source/drain regions and the
source/drain extension portions may be formed { 2103, The eiched cavity is adjacent 1o the gate stack. The etched
cavity can be formed (o a depth of between 58 nim and 1500 nm whicly is deeper than the doped region.
Therefore, the etching process will remove Uie substrate material underlying the doped regions.
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The dry etch process uses an etchant formulation that is complementary to the dopant used in the ion
implantation process to increase the etch rate of the doped regions. This sllows the etching process o remove the
doped regions at a faster rate than other portians of the substrate. Thus, with an appropriate increase in the etch
rate, the etch process can remove gl of the material from the doped region subsirate when the cavity is etched.
This includes the doped reglons undercutting the isolation layer and portions of the gale divlectric Iaver to define
a self-aligned extension of the transisor. Increasing the etch rate of the doped regions allows the eiched source
and drain extension portions of {he cavity to undercud the isolation laver and the pate dielectric layer, while the
UC o UL distance is substantially independent of variations such as isolation laver thickness, dry eich process
And the influence of other provess change factors.
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According to an embodiment of the presenf invention, the dry etching process may use chlovinated chemistiy
occurring in a plasma reaction chamber. In one embodiment, the etchant formulaion can be comprised of 4
combination of NF3 and CIZ, with argon or helium used s a buffer gas or cagrier gas. The Sowrate of the active
etchant species can vary from 50 to 200 standard cuble centimeters per minute (SCCM), while the casrier gas
flow rate can vary from 150 to 408 SCCM. A high energy plasma can be used with a low RF bias of less than 100
WV at powers ranging from 700 Wio 1100 W. The veaction chamber pressare can range from about 1 Pascal {Pa)
toabout 2 Pa.
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In another embodiment, the efchant chemistry can be comprised of 3 combination of HBr and CI2. The flow rate
of the efchant species can vary from 48 SCCM to 100 SCCM. A high energy plasma can be used with alow RF
bias of less than 100 W at powers ranging from about 808 W to about 1800 W, The reaction cliamber pressure
can rangs from about (L3 Pa to about (1.3 Pa. In another embodiment, the etchant chemistty can be comprised of
& combination of SEb and CI2. The flow rate of SF6 can vary from 3 SCCM to 10 SCCM, and the flow rate of Ci2
catt vary from 20 SCCM to 66 SCCM. High entergy plasma can be used at powers ranging from about 400 Wio
about 808 W without RT bias or with KF bias of less than 50 W. In this esabodiment, a low flow rate of SFb and
reaction chamber pressure can be mainfained  reduce the removal rate and maximize condrol. For example, the
reaction chambey pressure can range from shout (L1 Pa to about 0.5 Pa. In another embodiment, the eichant
chemistry can be composed of a combination of Ar and (2. Here, the flow rate of the efchant substance may
vary from 40 SCCM to 8¢ SCCM. A medium energy plasma can be used at high RF biases betweern sbout 100 W
and 200 W at powers ranging from about 400 W to about B0 W. The reaction chamber pressure can range from
about 1 Pato zbout 2 Pa.
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FIG. 3D shows the substrate 308 after the dry etching process has been performed. Asshown, a source region
cavity 312 and a drain region cavity 314 are formed. Further, the source extension portion cavity 3124 and the
drain extenssion portion cavity 314A have been formed by eiching the doping region 388, The thickness of the
isolation fayer 310 has the least effect on the etched source extension cavity 3124 and the digin extension cavity
314A due to the dopant and etchant formulation thal increases the eich rale of the doped region 3&8,
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After the dry efching process is completed, a wet etching process may be applied to clean and further etch the
source region cavify 312, the source exiension portion cavity 3124, the drain reglon cavity 314, and the drain
extension portion cavity 314A {212}, Conventional wet siching chiemistries known in the art for cleaning silicon
and oxide materials can be used. For example, & wet eich chemistry capable of removing silicon along the crystal
face can be used.
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Wei eiching is used for at least two purposes. First, wet etching removes contantinanis such as carbon, fluorine,
chioroffuoracarbons, and oxides such as silicon oxide fo provide a clean surface on which subsequent processing
can be performied. Second, wei etching removes thin portions of the substrate along the <111»> and <001> crystal
faces to provide a smooth surface on which high quality epitaxial deposition can occur. The thin portion of the
efched substrate can be up to § nm thick and can also remove residual contaminants. As shown in Fig. 3E, the
wet etching causes the edges of the source region cavity 312, the source exiension portion 312A, the drain region
cavity 314, and the drain extension portion 3144 fo follow the <111> and <081> crystal faces. It should also be
noted that the source and drain extensions 3124 and 314A do not have a bullet-shaped profile that occuors during
conventional processing.
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The remainder of the process for forming MOS transistors is simifar to conventional MUS provessing
techniques, For example, afier the efch procass; the source and drain region cavitles, including the source and
drain extensions {214}, may be filled with a sificon alloy using a selective epitaxial deposition process. Thus, the
epitaxial deposition forms source and drain repions and source and drain extensions in a single process. In some
embodiments, the silicon alloy can be in-situ doped silicon germantum, in-sifu doped silicon carbide, or in-sity
doped silicon. In alternative embodiments, other silicon alloys can be used. For example, optional silicon alloy
matertals that may be used include, but are not liniled to, nickel silicide, {Hanium sificide, cobali sticide, and may
he doped with one or more of boron and/or aleminum. In some embodimenis, deposition tan be performed
using a CVD process.
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It an embodiment, the ladtice spacing of the silicon alloy material deposited in the source and drain region
cavities is different from the lattice spacing of the substrate material. The difference in latiice spacing inducses
texsile or compressive stress in the channel region of the MOS transistor, which is enhanced by the deposition of
sificon alloy in the source and drain extensions. As is known to those skilled iny the art, the decision whether to
cause fensile or compressive stress will depend on whether an NMOS or PMOS transistor is formed.

U*L@~ EW&%-“
=R fgﬁ F‘»' jJ-L. S ,ij__ﬁgpw ‘f}:{_%}:y U"\T

According to an embodinment of the present invention, for NMOS transistors, source and drain region cavities
may be filled with carbon doped silicon. Carbon doped silicon can be deposited in an epitaxial and selective
manner. In other embodiments, carbon doped silicon may also be doped in sita with phosphoras. The carhon
concentration may range from 0.5 atomic percent to 3.0 atomic percent. The phosphorus concentration may be
imtherange of 5 X W< 19>/ cmi 30§ X 18 < 20 =/ cm < 3 >, The thickness of carbon-doped silicon can be
<img class="EMIRef{” id="102184587-idf0003" /> to <img class="EMIRef" id="102184587-1d0004" />
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In the range, Silicon doped with carbon and phosphiorus can be expressed as {C.P)ySi{1-v}.

BN . BEBRIBSRET DTN, PySidy).

Highly doped (€, P} in a fow pressure chemical vapor deposition {(LPCVD) reaction chamber using up to 60
deposition cycles and etching sequences based on silane (SiH4), PH3, CH3S5iH3 and chlorine (ClZ} chemistries
¥Si (1-v) deposition of source and drain regions. The reaction chamber temperature can be between 580 ° C
and 625 °  C and the reaction chamber pressure can be below 20 Pa. To achieve selectivity, epitaxy, and high
dopant concentration, the process parameters described in the following paragraphs can be used.

IR0 TIBUN RIMETRER
L L : SRR, PYySI{-yHRAR 13

BATEs00° Cffiii ©CEE, f,ﬂﬁ‘ C“&jw DL T20Pa. h T OIENE ﬁ ShiER
" c% , f~‘§‘i~_§,’,{)5ﬁ3 PUF BRI PETRAN T H 8%

GE(SIHY) . PH3.

For the deposition stage, the co-reactant may inchede 5iH4 at a flow rale between 100 and 408 standard cubic
centimeters per minute {SCOM), CH3SiHY at a flow rate between 25 and 150 SCCM, PH3 at & flow rate between
{and 25 SCCM, and H2 with a fiow rate between 300 and 4008 SCCM. Each cycle of the deposition phase can
fast up to 4 mintes.
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The deposition stage can be followed by a first cleaning stage. The first purge may include nitrogen gas at a fow
rate between 500 SCCM and 2 standard liters per minute (SLM} and N2CI2 4t a flow rate beiween 5 and 50
SCCM. Each cyele of the first cleaning phase can last up to 1 seconds.
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The etching phase can be after the cleaning phase. For the etching stage, the co-reactant may include CI2 having a
flow rate between 5 and 25 SCCM. Each cycle of the etch phase can last up {o 30 seconds.

AP ERTTE, SRR LS R SR 25SCOM I Y

The eiching stage can be followed by a second cleaning stage. The second purge can include nitrogen at & flow
rate between 50 SCCM and 2 SEM and NZ2CE at 3 flow rate between 5 and 35 SCCM. Each cyele of the second
cleaning phase can last up to 10 seconds.
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The second cleaning stage can be followed by a third cleaning stage. The third purge can include hydrogen (H2)
at a flow rate between 3 and 25 SLM. Each cydle of the third cleaning phase can last up to 2 minutes.
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In accordapee with embodiments of the present invention, Tor BMOS transistors, source and draln region
cavities may be filled with silicon germanium. Sflicon germaniurm can be epitaxially deposited. The cerium
conceniration nmay range from 18 atomic percent to 50 atomic percent. In other sanbodiments, silicon
germardum may also be ortho doped with boron. The boron conceniration may be in the range of 2 % 1< 18>
fem=3rio? X 18«20 >/ cm <3 > The thickaness of the silicon germanium can range from <img
class="EMIRef" id="102184587-1df0B05" /> to <img class="EMIRel" id="102184587-1d{0006" />
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The deposition of doped silicon germanium can be carried out in & VD reaction chamber, an LPCVD reaction
chamber or ultra high vacuum CVD {UHVCVD). The reaction chamber iemperature can be between 500 © C
and 800 and the reaction chamber pressure can be between 1 and 7608 Torr. The carrier gas may be
composed of hydrogen or helium in a flow rate between 10 and 58 SLM,
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The deposition may be carried out using a silicon source precursor gas such as dichloresilane {DCS or SiH2CI2},
sifanie (SiH4) or disilane {SiZH8). For example, DCS can be used af flow rates ranging from 15 to 108 SCCM.
Depusition tan also use & ruthenium precursor gas, such as GeHd diluted in H2 {e.g., GeH4 can be diluted {o 1 -
%} For example, diluted GeH4 can be used at a concentration of 19 and a flow rate ranging between 30 and
360 SCCM. For in situ doping of boron, diluted B2HS6 can be used (for example, B2HS6 can be diluted to 1-3% in
Hz2}. For example, diluded BZHS6 can be used al a concentration of 3% and a flow rate between 10 and 100
SCCM. In some embodiments, an efchant can be added to increase the selectivity of the deposition. For
example, HCl or C12 can be added at & flow rate ranging from 50 to 300 SCCM.
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3¥ shows MOS transistor 316 {n which source cavily 312 has been filled with a silicon alloy to {orm source region
318, which has been filled with a silicon alloy to form drain region 320. The extension portion is akko filled to
form the epitaxial source extension portion 318A and the epitaxial drain extension portion 3204, As shown in
FIG: 3F, the self-aligned epitaxial source and drain of the present invention are different from conventional
sonrce and drain tp regions formed by implantation and diffusion techniques and thus having no sharp
boundary between the tip region and the channel region. The extenston has a steep boundary. In other words,
the interface between the epltaxial source/drain extension and the channel region is clear and unambiguous. On
one side of the interface is an epitaxially deposited doped siticon material, and on the other side of the interface s
asubstrate material that constitutes the channel region. The dopant in the epitaxial source/drain extension Is
substantially or completely relained within the extension and does not ténd to diffuse into the channel région,
thereby allowing the epifaxial source and drain extensions to be heavy relative to conventional techniques. The
doped silicon material is very close o the channel region (ie, the source/drain extensions 318A/320A can
undercut the gate dielectric layer 302 over 18 nm). As will be appreciated by those skifled in the art, this in turn
enables the gate length to be reduced without having o shorten the channel region.
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Forming the epitaxial source and drain extensions closer to the channel region also imiparts greater hydrostatic
stress {o the channel. This siress increases the sirain in the channel, thereby increasing the mobility in the channel
and increasing the drive current. 1t is also possilile to further amplify the stress by increasing the doping of the
epitaxial source and drain exiensions, which is easily controlled during epitaxial deposition of the silicon alloy.
This is an improvement over conventional diffusion processes where the tip region generatly does not cause
strain on the channel region.
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As will be appreciated by those skilled in the ark, MOS fransistor 316 can also undergo further MOS processing,
such as a replacemernt gate pxide process, a replacement metal gate process, ananneal or a salicidation process,
which can be further modified. Transistor 316 and/or provides the necessary electrical interconnections. For
example, after epitaxial deposition of the source/drain regions and the source/drain extensions, an interlaver
dieleciric (ILD) can be deposited over transisior 316 and planarized {216}, The well-known material that can be
applied fo the dielectric laver of the infegrated civeait strizcture, such as a low-K dieleciric raaterial, canbe used to
forn the ILD. Such disleciric materials include, but are not Emited fo, oxides such s silicon dioxide (S102) and
carbon doped oxide {CDO), silicon nitride, organic polymers such as perflunrinated cyclobutane or
polytetrafluoroethylene, fluorine Silicate glass (F8G) and organositicates such as silsesquioxane, siloxane or
organosilicate glass. The dieleciric layer can include microvias or other holes t further reduce its dielectric
constant, FIG. 3G shows the ILD laver 322 that has been deposited over the MOS transistor 315.
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Next, in an embodiment of the present invention using a replacement metal gate process, the gate stack {(i2, high-
K gate dielectric laver 302, sacrificial gate electrode 304, and hard mask layer 306} may be removed using an eich
process {218} }. Metheds for removing these laygrs are well known in the art, In an alfernative embodiment, only
the sacrificial gate 304 is removed, Figure 3H shows the french opening formed when the gale stack is eiched
away.
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If the gate dielectric laver is removed, a new gate dielectric layer can be deposited into the trench opening {220}
The high k dielectric malerial described above, such as yitrium oxide, can be used herein. The same deposition
proeess can also be used. The replacement of the gate dieleciric laver can be utilized to address any damage that
may be cansed to the original gate dielectric laver during the application of the dry and wet etch processes. A
metal gate electrode laver {222} can then be deposited over the gate dieleciric laver. A eonventional metal
deposition process can be used to form a metad gate elecirode layer such as CVD, ALD, PVD, electroless plating
or electroplating. Figure 31 shows a high-k gate dielectric Javer 324 and a mefal gate electrode 326 that have been
deposited into the trench openings.
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The metal gate electrode layer may be composed of a P-type work function mefal or an N-type work fanction
metal depending on whether the fransistor Is ¢ PMOS or an NMOS iransistor. In some emabodiments, PMOS
transistors are formed, and materials that can be used to form the P-fype work function metal laver inchude, but
are not Hmited to, ruthenium, palladiam, platinun, cobalt, nickel, and conductive metal oxides such as
ruthenium oxide. The P-type metal layer will enable the formation of a PMOS gate electrode wilh a success
function between about 4.9 eV and about 5.2 V. Alternatively, in some embodiments, NMOS transistors are
formed, and materials that can be used {o form the N-type work function metal layer include, butare not limited
to, hafnium, zircontum, titanfum, halnium, aluminum, and slloys thereof, such as metal carbides including these
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slements. . namely fantatum carbide, zirconinm carbide, Htantum carbide, tantatum carbide and aluminum
carbide. The N-type metal layer will enable the formation of an NMOS gale elecirode with a success function
between about 3.9 ¢V and about 4.2 eV, In some embodiments, two or more metal gale elecirode layers can be
deposited. For example, a work function metal can be deposited followed by a metal gate electrode {ill metal such
as aluminum metal.
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Thus, self-aligned epitaxial source and drain extensions have been disclosed which are reduced by the
combination of an increase in the doped silicon volume {e.g., boron doped silicon germanium volume) and g
decrease in sificon volume. The total resistance of the MOS transistor increases the channel strain. The epiiaxial
source and drain extensions do not have 2 bullet-shaped profile, forming a sharp houndary between the channel
region and the source and drain regions, and having & more easily controlled doping concentration for 8 more
optimized source-drain Extreme profile. Moreover, embodiments of the present invention are capable of efching
the source and drain extensions substantially independent of the thickness of the isolation layer by selecting an
appropriate combination of dopant and etchant formulations. Therefore, the self-aligned process improves
performance while minimizing process variations.
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4 s & graph showing an improvement that can be achieved by the self-alignment method disclosed heredn. Line
400 represents data collecied for a MOS device constructed using embodinents of the preseni invention. As
shown, the UC 1o UC distance ismuch less affecied by the thickuess of the isolation layer than the devies formed
using conventional methods, and the data for the device formed by conventionsl] methods is represenied by ling
118
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The above description of the {lusirated embediments of the tnvention, including the description of the
invention, is pot intended to be While the invention has been described with respect to the specific embodiments
and examples of the present invention, various equivalent modifications are possible within the scope of the

inveniion.
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These maodifications can be made to the invention in Hght of the above detailed description. The use of the terms
in the following claims should notf be consirued as imiiing the inveniion to the particular embodiments
disclased. Rather, the scope of the invention is to be determined by the appended claims and the appended

claims
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atent Transiate

Fowersd by EPFO and Goagls

Notice

This translation is machine-generated. 1 cannol be guaranteed that it is intelligible, accurate, complete, reliable or

fit for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be
based on machipe-translation output.

CLAIMS CN101622690

1.

A method comprising:

R, R

Forming a gate stack on the substrate;

FERE D SRS,

A dopant is implanted into a region of the substrate adjacent the gate stack, wherein the dopant increases an eich
raie of the substrate;

RHBIMIEAR
#;

ARSI SRR R, Hepard

Forming a pair of isolation layers on laterally opposite sides of the gate stack, the isplation layer being on top of a
loped region of the substrate;

TR A B B RS A AR T BRI B AR b

‘.'

Etching the doped region of the substrate and the region of the subsirate below the doped region, wherein an
etch rate of the doped region is higher than a region of the substrate below the doped region Etching raie;
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A sificon-containing material is deposiied in the efched regions of the substrate to form source and drain reglons
and source and drain extensions,

e
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The method of claim 1 further comprising annealing the substrate after implanting the dopant, wherein the
annealing oceurs at a temperature between about 700 © Cand abowut 1100 7 C for the highest Up o five
seconds.
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3

The method of claim 1 forther comprising applying a wet efch to said efched regions of said substrate to vemove
portions of said Hning along <111> and <001> crystal faces privr to depositing said silicon-containing material
botiom.

~t-1

B R Bk il 2
;355‘ }7;( & ;;C\Aa

4.

The method of claim 1 whereln implanting said dopant comprises utilizing an implartation energy beiween
about 5 keV and about 15 keV al sbout I x 10 < 14 > {o sbout 1 x 10"« 16 > atoms / om < 3 » A dose between
them injects carbon into the subsirate,

RIS R ‘vﬁﬁ"f‘??i HepiE A EARER

y AR SIME W
;i:zt’»;fi # 10< 48R = <18 B Fem<d> ZEINA

5+
The method of claim 1 wherein implanting the dopant comprises uiifizing an implant energy befween about 1

02-08-2018 2
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keV and about hkeV atabout 1 x 10 < M > toabout x 10 < 18 » gtoms £ om < 3 > A dose between themy injects
phosphorus into the substrate.

IR R B tke VRN ke V2 R BTE A GER L
SR A R RTEE R

The method of claim 1 wherein implanting said dopant comprises uiilizing an implantation energy befween
about 2 keV and about § keV at about 1 x 18 « 14 » and about 5 x 18 « 15 > atoms / cmt « 3 » The dose between
the injected arsenic.

RUBSURIZR DA 7k, U EEATAB KA B RAAL ReVELRZ5keVZ FITEARERLL

FEH < 10< 14> FERESS = <15 B Fem<ds 2B RS AE.

i~
The method of claim 1 wherein said etching Is a dry etching provess, the process comprising:

RIRRCMERUNEROT I, R gty TRMal T, BT Eak:

Applying NFJ and Ci2 to the doped region of the substrate and the region of the substrate below the doped
region;

PUREL R AR PR B R R T o K U NFIRIC?; DR

The plasma is apphied ai a power of between about 700 W and abowd 1108 W,

%

FEAZITOOWERDR S ITOOW Z R shs VS B .

8-

The method of claim 1 wherein said elching is a dry etching provess, the provess comprising;

RIRRMESRUNERITE, R imdaty TRMal U, MLk

Applying HBr and C12 o the doped region of the substrate and the region of the subsirate below the doped
region;

02-08-2018 3
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The plasma is applied at a power of between aboui 680 W and sbout 1000 W,

FEASUR00W B2V 1000W 2 B ShR VIR 18

N
The method of claim 1 wherein said etching is & dry efching process, the process comprising

RESPESRUSIVE, Bty TERMTE, 5T 288

Applying SEb and CE to the doped region of the substrate and the region of the subsiraie below the doped
regiom

AT SRR R PR T A X S ISFeFICI2; AR

The plasma is applied at 2 power of between aboud 480 W and about 300 W,

A 00W B A000W S NI R T In ET .

10+

The method of claim 1 wherein said etching is a dry eiching process, the process comprising:

ey, BEinANeiA TR, 3 IO

SRULR AR A TR B RE TR s inAriicr; MR

The plasma is apphied at a power of betweens abouf 400 W and about 800 W,

fEARLA00WEL K £9800W 2 [ Th B P RE A S B P4«
02-08-2018 4
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11s

The method of claim 1 wherein sald sificon-containing material comprises carbon doped silicon,

ERIBRA T, HdintduEnakine

12+

The method of claim 1 whereln said siicon-coniaining maierial comprises silicon doped with carbon and

phosphorus.

Brmi vk, BobBnd Sakdf A R

13+
The method of claim I wherein said siffcon-confaining material comprises siicon germanium doped with boron.

BB LR ISR, BRI SR B B e BheE

14+

The method of claim 1 wherein said gate stack comprises:

R

W R R RIT i, R i e e as:

}ﬂ*’

a high-k gate dieleciric layer;

a sacificial faver formed on the high-k gate dielectric fayer;

T BE R S ERUREER,; DR

A hard mask fayer formed on the sacrificial layer.

38 b g Y
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15+
The method of claim 14 further comprising:

BB RER TR T, Be:

Depositing an ILD laver afier depositing the silicon-containing material;

RS R FTEILDE;

Remaoving the hard mask layer and the sacrificial fayer to form a trenich between the isolation layers;

FEEA RN R B LA AR RS R N

A metal gate electrode is deposited into the trench.

54 B SR AT RN .

16,
The method of claim 14 further comprising:

B A EOR LR B, R

Depusiting an ILD laver afier depositing the silicon-containing material;

FER B SR H 2 FUIRILDE;

Removing the hard mask layer, the sacrificial layer, and the high-k gate dielectric laver to form a trench between
the isolation fayets;

FERIRRERAE, IR RN RS B U T R N EUEE,

Depuositing a new high-k pate dielectric layer into the trench;
02-08-2018 &
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A niefal gate electrode is deposifed info the trench.

150 AN F BB TR,

17~
The method of clabm T wherels the Interface between the source exiension portion and the substrate is steep, and
wherein the interface befween the drain extension portion and the sabsirate is steep.

Hep BrA B S E SRR RN E AN, HHE
SO TR R R

The method of claim 1 wherein said dopant is implanied in a region of said substrate where said source and drain
extensions are to be formed.

PN

TR R EOR L BRR A T i,

The method of claimn 1 whereln the thickness of said pair of isolation layers has 4 minimal effect on the locations
of sald source extensions and said drain extensions.

RIS

J&ﬁw’%“‘% j.cif?l B i — Bt I
e

i

i

20+

The method of claim 1 wherein said source extension portion and said draln extension portion overlap said gate

stack of a transisior,

AU BLR BRGSO T I, ok IR B A TIRRN R B A S R TR
ey
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200880006389, 3 W O#H FE Kk B W1/45T

. Wi, AEE:

TR R L PR AR 2 B A

B 2o ABIPTR RS PR MR B AR g R sk, R BTk
BT AT R 2R

FEFTA R AR B T AR B AR I LT — X R B, bR R AT
B i e IR B SR O TR L

WRIFE R R TR S R IR UL R AT AL TR i B T 7
K, K Prds K B m T RN R TR B R T
BRI I RE SR, UK

TEFTE R RN PR AR P RS R R, DB BRIEAR ORI AR K LA &
PSR STAFE 43 AR AR EAR I 4

2. ARIEACRIESR | IRiR A, BRISEEARBIRNZ EX TR
FHEBHTIR K, HPAnRIB KR EERS 700°CHKEY 1100°CZHITRE
T, FHESEMERTINE.

3. BBACRIER | Frkfores, SO Bl # R prd i 2 R
R A, DIZEUURUATIR 8RR 2 B <111>F0<001> SA T £ BR R4 B
AT

4. WA 1 BrRE T, HPRE AR R aiERE XS
SkeV FIKEY 15keV Z I ITE A BE R LUAEY 1 X 10M BIREY 1 X109 EF/em’
Z B ESBEAR TR RS,

S. WBIBRFESR 1 Bl i, HohEARRS e XY
1keV k& SkeV ZIEFHEANGER LAY 1 X 10" Bk4y 5% 10" B F/em’
IR EREA BT RA RS .

[
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6. RERRIESR 1 R, BPEARREBINAENHERY
2keV FIAL SkeV ZIMHIEABER DKL 1X10MHFALy 510" B Flem’
2R SR BENEE

7. RERFE SR 1 TR, Rz HEhz rE, &
EALE:

[5) 7 i 3] JEE 1) BTk 8 2 BB LA B BTk A AL T BTik 5 2 X8 F 7 O IX
BEHEIN NF, #0 Cls BAR

6 K23 T00W FIKL 1100W Z [ ZhE T RS S 7.

8. MRIMBCHER 1 Ty, KPRz iz TZ, #T

1 AR R R TR B A E B U R R R TR B R K T K
WM HBr A1 Cly: WLK

FEK 4 600W BIKZY 1000W 2B THR Pl S & F 1.

o, IBIERCHEESR 1 Frda ik, H iz AR Z, EL
ZALHE:

W TR i R B TR B R K U B TR AL F TR B 2 R T O
BN SF R Clyy UK

TR 400W FIKES 000W Z RIS T RIS B .

10, HHERURIESK | FRRkinriE, PP ZiAFEme I, &
T2aE

6 BTk A BE R BT A B A K IR DL B Bl ad R A TR B B R BEUF 7RI
B Ar R Clys BLE

7r K2 400W F K4 800W Z B ShE TS k.

11, RIEBCRIZER 1 Bk iy, Hhimd & ati B ais .
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12, BIEACRIESR 1 PRRM e, Rl S MR O HMNEHE

ZReMIRE

13, WIEACRIESR 1 iy vk, R PridS e B a IS RS
.

14, IRIBEFIES 1 IR, B s E e
&5 k AR A B

FE e PR A R B RO R

15 MUEBURIZER 14 PRRR Y, REIE:

AP TR AR 2 e IR ILD J2:

2B B o BEHEAR B RO T b A 52 LATE B R B o 2 2 T TR OV WA
¥ & B R MRUTRR B FTaR oA R .

16, MIMBCRITR 14 Frk ik, BBE:

VTR SR B 2 ABILD J&;

FERFPAEEEEE . PR EMPRE R k WA SR DR IR
B2 2 (R A

i kR A R R B T D

¥ & B A BRI IR B PR R .

17 HIEACRESR 1 BIRR TR, o BTRIRBE AR 4 M PTIEAT IR
2 AT R BN, I BRI IR HGE AR B o AR IR A R Y SRR
REBEW Y.

18, MEESURER | i s, HPERa R P BT R R
RO (R4 ) IR P I A FTIR B I
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19, MEACRIEESR 1 Frk i, PR RE RN RN
PSR FE AR RO IR M A 43 R O B B PR B

20. WIERAURIER | FRAMIE, HR TR U A B AR A
SEAR A S5 AR IO PR B IR E A
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BA B S ME AR AR R I 4 (0 2 R 2R

WREAR

MR ERyBEEASAY (Pl LR R (JC) SHE. &
PHES. HEARS) MR SEER. FHEFRERLIRAFEREE
MIEERZE. fln, ERSHEEERENERNSREAwESTHR

(CMOS) FHEMMEEFATFESE (MOS) SBEE S 2HAEFHN,
R A SO T N B MOS 8 (NMOS) WX P REEEr, IR0
AT EE P A MOS 3HF (PMOS) VB P REEEY.

b MOS S5 4F S B RR A —F 5 v B IR /IR AR DORIVAE X Z )i X
BOCBR MOS S8R50 PO (tip region)) HE{TH2%. #iin, "TL#E
SRR P EABRR, FF DT R X LB M ERY 1.

BUGAER THEANY FOFE, BTRURRE TS Rk E R BN
J1o #A, MOS SAFHAR RN, PR REESE (offset spacer)
PR, HEeSEf R ES SRR, XS ERRR
i AT B 2Tk BE B KA I i K R 0y . BRI, SR BRIk
BREF MY SR ST AR MR m B R R

M BRE

B YA RE T RS AR IR AR o i B U I MOS 834

B 1B i T ARSI AR A A G R A ) MOS B34

B IC R TIREREE 2T & e MOS S4FM /N EE2E M3 43 89 i 2
15

B 1D 3% UC B UC BESX R B EE RS X R &R,

2 RARYE A A B B S b Ty T R AR R IR A A R SR AR A B A i o

B 3A B 317 T AERAT B 2 05 R TE BRI S5 M

B 4 R H AR A A B s U IR MOS S8R UC B UC BB S
AT D R T R R R R R R
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200880006384. 3 I R = P I R ]

RELHG R

KRR RAE MOS B4 b s AN EIR IS BB R AR 53 B R
Zitke TERUTHED, SRR A SIRBOR A 508 [ A A PR R A 5 A%
T A P A T R R SR R ORTE SR R R ) e SR Y SRS B . AR
AR RARAREESHT, ORI 2R EREEAR K. |
THBHEN, MRAEMEE. MEAEHT TS, DENRHIEE
A BMOGEME. R, ATENEARAREEWT, THUEREKE
HE SRR T AR B FERAREOL T, ERREURIL T o A,

BES MR ZA 5 PR, Rk, RUBEBTH
AR IR T AR R, AW, AEUEHRR BB L B X B e
EERFEX. BEWE, TOERT 2R ERITIZERE.

FEAERER, BHEBEAYESHE (MOS) fEFEBREEMIER
BRI, SRR B R AR IS A, FIN s
WM. R PO R AR P A AR SR T e
BRI Ay . TR AR R IR sk AE AR I R R 2 M X sl 284
H, WSRO B R R O X 2 . i X R DR
M S E R R IR R P

B IA R TEREA R 102 EH¥EE MOS ST 100A 8 FWHEH
O B A BRI PR P, RS SNEDIBIRE aaE
bR RIE X 110 FRIRIX 112, MRS B 122 JBTES AR 100A 1Y
HHERK 120 BT . MR E M 122 SIEEHR S R 106 TR 104,
e RGN E 108 L SRSB4 122 4845,

TAARBU A58, REE 108 —RAMIERNRE 106 A& 5HE
BMAREEK 1107112 FHE—DIPA&Z B4 RS 10 B 20 45K (am)
B . MRAX BN IR I 110A FI A% 22 0% XK B
112A. REEXHE 11041124 HIEEE 108 2R, F R USHIRENMRE
106 EREIER T HI BT 10nm BIEEH.

WERBEANT BEABEHER R 110A FURHRIRmKE
112A. B8, B0 ABIEERE 110 fRmK 112 . W LIER S

-
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200880008384, 3 BB B /s

ZFEIEETE T, B 8. B, M. 2488, BB TUE (x10" 8
1X 10" B F/em® B9 E MR BB HEE 100A #TRK, DHERIGHE
MK 120 8. SR LRSS TFEAERSE - B AR AR
P /e JRZ 106 FIPEARARIRIR 110/112 Z B R EX 8.

S NBIBAE, WARSHEECR A SO UORBIN, RIFKEC 110A/112A
WITER . BREREE 108 THEBENER U ERRKXE 11041124 1
R REE R R T BANAR BRI Y Bt Flln, RmKap
REAESREERRRE 10112 ZAREE N, MESEmER 120 24
Kok, REENAYE, BEEREBRNIREIBENEX 120 PHERT
PR @SR B EEREX 120 2438 8. ih, BEFR
X 110/112 AR BB ESREER 120, R AT AR H IG5 24 BE 5]
BIER 120 tho X FR$ T IR RIRARIK 110/112 TR SI9EX 120 B
BESHITRORERE, dttPR&I T AT LU IR IR 48 R BT AR

BB Rl T AR AR RS T FERER R 102 LR
MOS S 5% 100B. H HERAEREE 108 THEAMI TS RN LIE R
Xk, MOS 4% 100B TRERETNMZ, UAWERK 110 kR
112 EWMFIRAE 108 MEHRBNRE 106 T H. EIBERREEEX
110/112 ZHFIFREE 108 THIIE AR HEREMRE ST 110B FHRARER
Ay 112B. SRR ARIEISRE 4y 110B/112B U T B 1A BRIV AR
BORERIXER 110A/112A,

MThhZIA R, AEMRERBTRED, REINEFUREE SRR
FH R RARRIX 110/112 FEHR T84 110B/112B. HHESTE
MARREX o112 HEM T ZPRPERTERHREREMFR S
110B/112B, XA T TS RARE. SRR sEEs 1108/112B 44
ST AR/ R R IR B 4 110A/112A B84 7 A . N, SE R
RIRAE, VEARARARE MEE4Y 110B/112B 1 R S5 HIZEIRIEIX 120 P3lk
RS, RSN T BT IR RN E A T aE P Ay

F—A SRR AR R34y 110B/112B A EK 120 B R
PR 102 2 ST R BN Cabrupt. 7EREN M RAMEIRBINGE Y
FEFOEL, EERERNS —RREAREERER 120 B EM R, XHERERM
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FEF AR B R 4 110B/112B G845 8 5 AvEERT B R SET V0 K 120,
S FEEAR AR IGE 4 110B/112B "R R AR o R F s
B, AR S EX 120 9,

A NBREHR, BAEIRARIRAE SIS 110B/112B MyE My iEE —
Begh R, £ IB 1 IC PRt T —Rik . WEPUR, EHREED M
AIERIRBER T FHERE. BE2Z, TMRENRE 106 TAHD
PR R A R M B 2 TSR SMIERA SRR 106 4L Mha
AU AR XA R, BIREMERS 110B MRIREMHES 112B thi 8
BH THERE, REWHEK 120 f74& T e RN NE. i, B
HEFERRVRZERP RS AL, REENERNREERNERIE
4> 110B/112B PEFHREEL.

FERRIR A FIRAGE RS04 110B/112B MR BN R 5 — B S bl R
BRJE X R W m, i 1B R 1C FiR. M IB iR, FRES MOS
PR 100B A MBIREE 108, AESE—BK v ST RN, B
XTREELE 108 MR E 106 19— 3HTIRYT, M 8898 8 BEER
MR BRI 2 110B/112B, JEVIFIRY) (UC B UC) IEE 114 BT
ffE5 110B SIRUEMRSE S 12B 3.

HBIE 1C, Bl MOS BT 100C B EE N x PWRBREE 108,
XHE, BB IR PHEER 108 ERE x, KB%. &%, TR
JRIRZIRT, BBEMEEE 108 HEHEEIA, H BLAE I A/ B A A f 3R 5
110B/1128 RS 30 2 SR 100C MBI 120, Bk, HREM2E
PIT 808 MOS &4E 100C THBEERSE. Eit, MOS &4 100C
A UC B UC EEE 116 £k MOS &5 100B 19 UC B UC 58 114 K18 3.
A A EIBA R, WX R T MO UC B UC FEE Y MOS RS m
BT,

B 1D Jyor i TZEFU A & i T R 884 R B 8 B IS B ) 68 UC
B UC BERA AR, Zihe R T MLk 118 ZarEE, TR THER
RE B RN, UC B UC BERRIEIN, BBCAMIRS BT L. S,
P 2 R R A I —40K (nm), UC 8 UC EEZSIB I RLY 2nm. XHE—3K,
R BT Y R AR S R o A VPRI IR B B B RE T MOS 834%
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fottREE B

X TG X, AR RS U T R . B
EFAMERA G EARMIE I E M A 0 . AR SN ERR AR IGE
MMM R B AR EHIER I MOS BFEMWER. # HE G IE
PR AT SR Iy, FUAR TR LETNE, el mBR
HEEEHEWEANE L.

B 2 AT R B UES IR AR AR A A 10 MOS & YT
200. B 3A Bi3E R THERITE 2 17E 200 B RRIEM.

ik 200 LA G L, RS4RI BT LI RE I MOS
SRS R MOS B4 (8 2 B1IE 202). TR EERASE LEEE
HRFE R AW . AR b, TR N RS
M, HOMHRTUSBEARTTUASEES, SRERETH. B
. WEILES. BRLAN. BEAEE. MLEESLE. BRZXBEHART LR
HOE R — 2epE R0 0, (BT LAFE 2T B b B A S AR R AR A
B AR RS ATEEA.

FEN AR R RS R (204). EARER Sy d,
BT DL S YU AR R X B AR R A R R R R A R T M B R R SRR
&, i, E-Rsri R, ARG b FESARTR (CVD). BT
BT (ALD). BERVTER (SOD) s~ UMiIR (PVD) Hy¥ IR LT
SRR A PR ST R B R b T DU R R EA,
iy, TTURERMB RN RE. BTk, WHUAMES ALD. CVD
PVD B9 R AR A B R AR R A . 7 iy s
i, MR R A2 RERERE . e, R E A S
SKTT BA B DABEAT B -G B AR T 20 b R JRJS AT RASRAT H RO HY
I, DARZRE o R B AR A RS, WMIE R B E .

LA SRS kA SR AR TS R A B R
AIEAMER R k RSB A TR R TR BRI T8 4ts . Sk,
SALSE. FALERE. SALES. SRS EE. S, SE. SRR
ALk, S, S, S48, S TERERSE. T8
SRS, Bk MR BURR R ERTUTERYY 5 R (A) 2Ry 50A

1¢
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WEBATE, USER M EE.

B 3A R T LS B AR REE 300, TEREFTHMSEHT R
o, MRS B LUR ISR AR S Y SR 302 AU Ak 304, AR
SR, MRS ST DR SRR BN R R SRR AR,
PR B A BT DL IS MRS HE AR 306, JL7E /R T M () ny LASR B SELe R R
SR, BRI 304 AEEBENETEANTEREM. 48K
Byt b, T OUR T E R R R AR, Bl i B A RO bR
TR AR REAR EE 306,

EREREREBR GG, RITEFEATES SHESE SRS
FHEB BT RBRA (206). WEARVPACEAR, HT 8 RH
BB ZGE A A SRR A N TEA LR R R NS AN, ERRE
MR ARBS M. AR TEAT SRR N B2 DR
AR AR S M T E s A AR T L. BT REAHREE
KRURE. BEEUBMLR A, BTLLUR ROEE W DI neE, BRI RTh
HENES AL .

FEA KRSy 2rh, o LIRS I i AY T e e
B AISERR TR, B, Hlh, TR S B 15 TRFR (keV)
ZIEIEAGRE, D 110" 1 X 10" B em’ EE R EIF B RK.
AT RARI A 1 3 skeV Z B NEASEEL, UL 1X 10" B 5X 108 R F/em’ BN
fRIB AR, TLURE 2 B SkeV ZIAIRNEANRER, LI 1X10M 3 5%
107 FFlom’® S0 B P IR R4 e

EARRBHEEFRY, BEFEARRNEERE N (MEHTH
JREH D b, -SSP, BFEANED S LR ETEHR
FAE L, DUEETEASERESE AN TS, BEE, aRMaRe
&R, FRAHE MR B L AR A SRR RE,  BABT b SR
EEIIE TN

Rk, $UTIBK, BB RAEShRRRT, BT
AU E BN B 2 BIRARAINE (207, FEAFMBE IR AT LURET
IR ED# 2nm B 200m Z B RRIR A . B AKATRAFE 700°C 3 1100°CZIRIAY

11
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BT R R A — AR ), i s R R R A

AT ERETEANS RN BUE 302 M4AEHHE 24X 308, R TE RN
MEFIE, BRE 308 WRZERE R T H BN R B RER. B
(X 308 23 IV IE AL MOS S s 1035 IR 10— 43, BL38 B XSt
FESAR A4y . 55— DB 2 308 % I E MOS &4 i R g—5 4
A BITHES R RS . ZERTARBISCHET U, BRI 308 988
SR TR A RE 302 09F . AR SEHITP, BR0K 308
iR, AREENINEE, WRURIR ER R MOS S ERTEN.

EFR, AHRSEAMME—-M ERRREE (208). qfUERFER
B, SRR T UL s BB R B B B 2 WY DLRR T IETE LR MOS
SASEHETTESOR RRE RN EE . BEARHILHESR, BREERN
5 R T R A ST SRR R AR A AR 4 P R B R B 3C R T
i 300, FEHEERALE 304 TR ELAFRR 302 BE— M LR AR R E 310,

FEREIEREREZE, AT UHITF AT Z U R B AR
SRS, DB ET LAZE P T R IR A A B AR AR I AR S 0
¥ (210), PRI B SRS B AR, T LU T i 2 T R E
SOnm % 1500nm 28 ANRE, ZER B REE. Bib, BT ZHER
NMTFBRX T AR

Fmz LA RS BT AL S A RS AR E A ez A
J7, PMRRHE 2L bR, X AFIS M T 28 LR TR R B0 A
SEPEERERIBRK . XK, PIAWRZBEENESND, MATER
1% ) 58 AT B B0 2 B R K BEAR R IR AT ROME Bl . X BIRBRERY
R B AR A SRR ARy, MO RR R SR I B VR AR . 1D
2% K (a2 I 2 M SR AR R AR I A B IR e R VIR E R
FARL A R, 1 UC 8 UC BEEEARZHENEREE. FEZT
ZHI AR AL T ER AR E R .

BIRAR I ET L, TEH TEW R R EASSEFERN
ep A1 (chlorinated chemistry). FE-~FpsiE )y sUP, PR
T L NF; 80 Ch B4 &4, P el sl SRS M U BN Eit
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TR FIPLE T BLZE 50 3 200 #RuE 7 BRG 4 8 (SCCM) Z[MZE4L,
T4 AU BT LAZE 150 B 400 SCCM Z{HjZ5 4k, W] LLFE 700W Fi 1100W
SEERIIIET, BT 100W K RF ME, FHARRESETE. RN
SRR BAZERCEY 1 M (Pa) BIKZ 2Pa HIWEHIA.

R — iR, kAL AR Ul HBr F CL RIS R,
SRR Y F LAFE 40 SCCM 3 100 SCCM 2 [H1AR 4k, W7 L7 K4y
600W Fk 2y 1000W FEE A ITHET, LI/ATF 100W 1K RF WE, €&
BT, RV RS T ATERY 03Pa BK47 0.8Pa HEHIA. X
— R, EE T L0 SFe AR Cl A& AL, SFs HITUE
AIBAZE 3 SCCM F 10 SCCM Z A1 4k, Cly fUFE R BAFE 20 SCCM £ 60
SCCM 2 [i1A8 k., 7T BLZERZY 400W Fk&y 900W SLEAIHIIRT, #X&
5 RF BB W TR LT 50W | RE 8, MAHRRESETH. EX
PRz N, T MR NG ST BN RN RIS, PR ERRERFt
B ER k. B, R AT LA KT 0.1Pa BIKEY 0.5Pa HUTE I .
TER~ SRR, MhRFLEY T Pt Ar B CL 4L EHE. XH,
tod 2 U4 R S VR BT LAFE 40 SCCM 3 80 SCCM ZRIZe4k. ATLLZEI KL
400W A%y 800W JEFPIBITIRE T, BLKE) 100W F 200W Z [ RF
WE, FEPSEESETE. RRNEENTUEKS 1Pa BN 2Pa iy
WEN.

E 3D R T BT FEmI T B2 B MK 300, WEHER,. R
TR AR 312 FURARIX A 314, UhAh, DEABMZBRIK 308 FEK
JEARIE MRS A 312A RURAREEM A SR 3144, TR T8 B A
X 308 HyiZiiE RS SR RMZIFIEY, RRE 310 BRI RN
LR SN A2 I 3124 RN AR (R B0 4 2 1T 314A HIWIR b

ERRTEMRTEZE, TURRSEMRTE, UREmt—P
PhRIRARI A I 312, BRI A IR 31248 WK T 314 DA R R
FEA R4 S 314A (212). B LUEREVE HoR R A M TS S
AR R IR r L S . i, T LAAE R R O R R IR R ROTR
SR

WIEMBE B TEA BN, %, B EREmmR. W, &K

13
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FUR NS Y Ll B U R ALY, DUREERT BITE R EPAT SRS
Wi R . 0K, IEEERZIVE AT <11 1>H1<00 >R T 3 BRA R AR 4

A H LA Snm JE, HF HIEW DLEBRRAVE ). i 3E B, R
TS BRI S 312, JBHUT AR 312A. IRIIK 208 314 FIRHLAE R
4y 314A WIRZISFE < >H<001> R . BN SIEH, FRMEHREMR
43 312A T 314A REANTEF AL P R AR FHERE.

TR MOS SRS 00 TR & 30 BT HON A MOS ShBEOR.
Fitn, ERHATEZE, WAL ERBT ZERSSHFER
FIRE R, REFRABREHEEES (214). Bk, ZAERRE—

RS ST UL BB M. B BRIMAREEABRNE. £
MeschE T, WL RN S-S, B, WUMERN TSRS S
BLAE, BAETEAG. Bk, b JFBTRSRE M/
—FhER SR, oSk, SRR CVD TERATIR.

ES AP, FURTEE SR X 25 e 10 & &R SR AL
553 A R S AR R BE R . SRR TEERE BT MOS S EIEK 5
SRR ARG, TR R A P IR A SRR T
RS, mASRBAR AR TS, RERSIER RN AR R RSN R
P T BT B NMOS 82 PMOS #3%% .

MEARRBEEFR, SF NMOS SEEWE, WHMESBERE

( carbon doped silicon) HFEMBMIBIRR . & LS @AM IR RTT
Sy BUS e, sy s, AT DR B B RRET IR A8 %
RBETTLLEE 0.5 JEFH A S 3.0 BT H At iiEE R . BRI LIE S
X 10"%em3 ¥} 5X 10%cm® BITEE AN . BEREEE R E LAFE 400A ) 1200A
TSN . BB LLRERN (CP)Sia.y.

B PR R S ST (LPCVD) RIME S, FIHZE 60 MARM
BN REG (SiH,). PHy. CHLSiH; FISUS (Ch) 4hSEi iyl ,
AT ESIB24(C.P), i BAR AR MR X FGPTAR . SR B R BETT LLE 500°C #] 625
T, RNEEHFLMET 20Pa. T EBEFE. SHEFRIB IR

14
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B, WU TERERFREIZESE

SRR B Y, S% RN A LRIER SRS 100 Y 400 fRAESL T
S (SCOM) Z A SiHy HUBTE 25 3 150 SCCM Z A1 CH,SiH;.
FHTE 1 3 25 SCCM Z {89 PH,.  BAZIRITE 500 £ 4000 SCCM 2 H}HY
Hoe VUERBYELRIEEA MR DA EE R L 4 8.

VBRHBRZETURE-SERNE. £ —HETUafREE 500
SCCM F| 2 FRlEF4F 408 (SLM) Z IR B DL RGHTE 5 B S0 SCCM 2
B NoChe SE—TSIEMBUGEAN ] LR sk 10 B

I BYRT DAZE RS S B 2 B . W THZIBBE . RN U
FERSETE 5 B 25 SCCM 2. [A1 Ch. Ik BUSEA MW UL RE
30 #.

PRI R 2 ST DR ISR B . SR U ERAEE 50
SCCM 3 2 SLM Z I B/ M R4 5 B 35 SCCM Z I NoChe 8
VRN BRI R A LR A 10 B

OB B RS SR R, FoEETUEEREE S
F 25 SLM Z AR (Hy). SN RN B LHFERRE 2
k.

EEARAGELREAR, T PMOS BAEENE, #UABEMEEA
FERARRK SR, TR ERME. SRETUE 0 RFRE
B 50 BFH AN EE. ERbsEr b, T DUHB AT R
Brisdy, WERBEWLLEE 2X 10%em® 8 7X10%%em’ BITE N . RS ERR
LATE 40A 3 1500A AOTEEIMN.

B ULFE CVD RRNE. LPCVD RN /% CVD (UHVCVD)
BHTH B R RS T RV SEET L 600°CH 800°C.2H), RN
JECHATBAEE 1 3 760 4528, #SnT LU BLEE 10 B 50 SLM Z RGN
SRR H:1% Ga® )5

R S PR (DCS B SiHLCL). EEf (SiHy) B

(Si;He) HIREIERT A BT, Flin, AT LAZEiEEfE 15 3 100 SCCM
Z AR TATE DCS. PIARE 6 LLEE S IR AT A=, BlIndE H, PR
i) GeH, (BIINAT LS GeHL BN 1-5%). B0, TLLLL 1%k TN

13
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200880006389. 3 S L SEAEY

£ 50 3 300 SCCM 2[R JIF A RIFR A Gelyo M THIMRESBA, W
DL B BoH, (WOETRITE Hy P B BEE N 1-5%). Bitn, w0
Ul 3%k ANTE FEZE 10 B 100 SCCM 2 {8 U E4F FIAIR A9 BoHeo 7
Hese T R, A LU LU R AR AR SR . Blim, WTRIDIEE
7 50 2 300 SCCM Z BRI HC1 BX Cla.

B 3F SR T MOS &84 316, o B RS S50 TSR 312
DR RRARIX 318, DI MRS ST T WS 314 LUBRRARE 320.
WA T T A4 LU RS SRV AR A R4 318A RAMEE N AR EE 4y
320A. WHE 3F BT, HEabE AT BROR A R B E e i K R
(X 2 R 959 T BT S B S AR AR AR AR i RN, AR B I B X v Ab
FESE R RIRAR AR B4 B BRI I A . E 2, SPEERARRE S
X 2 N R AR T R . EREN RIS ETBS R
¥, ERREGS RS EEGFRME . SRR R
BB S AR TS A EHBA R, FAEE Ty BEER P,
M A0 VF 4 SRR R0 AR E AR50 43 BE S AR T3 B AR BB Se R R 3R
T X CBIUE AR /R AR A B4 318 A/320A W LU DI AR rEL /1 R E 302
FELE 10nm). WASHEEARA S ERER, XOUEAIIICR RS
e/, A L4 EMWIERK .

00 S VD 8 TG R S AT R U A T A 4 SR A v A S KB
SR BNARKTIERNNTE, WTHRE TWE PRI RIFEK
TIREH . BT LA 5 S IR AR ORI AR ST AR AR 4 1 3B ek — 2P I
RAZNH, AESSIMERBRERXBEESRS. SRR —RAE
WEK EEREMTNERY ML EARK, Mo,

A SRR A A FUSEARENE, MOS BEE 316 BT UL Z#H—5
& MOS Zb3E, FImBEdREn TE., BhaBiR L2 Bkl
T.% (salicidation process), B3R a LABE-— PSR B E 316 FVEHRE
VEREEE, S, FEANETRER AR R R RS LS,
B LI SRS 316 B TUBUEREA A (ILD) FFbTFE4 (216). FLL
FERAMBT R TESRRENTBARBENME, FlIME k BAEM
LRI A TLD. 3R EE A B RL O IE B AN IR T8 10 Uk R (Si0y) FIkiE

16
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200880006384. 3 Wog B #esise

FENY (CDO) MRk, BiRE. Wind S T R NR Z &0
HIEAY. FREBRRERE (FSG) UAENEMAEEMR (silsesquioxane).
EEE SR VIR B I M VIR RR £ . R R B W LLE ISR BOL b AL
RUBE— BN A R, B3GR T SEUBIE MOS 44 316 L
J5 i ILD 2 322,

ETR, EXRRBEHSHEEBMRTZHI7 3 0P, LR

BB 306) (218). BT EBREENFEENTREARELA MY, E%
ST, AR AR 304, B SHORE T 7E RIS IR B Ak TR
RN O,

SRR ER T MR B LR, LSRR R R TR EARE T O
B (220), XEELMER LER k BASTE, Flinsibds. LR
FERIBGUTR T . 7 DR R AR ) R 0 B R SR AR e 7E I R R iRk
PN T E A g R R s A R RS BT IRE . RS W LAEE R
BAREZ FRRARBESRE (222). AR ERNSEBRPIEX
B4 BEMEaRE, it CvD. ALD. PVD. RSB, B RET
S VTR ERA T DA k SRS B 324 Mg R AR 326,

HRIE B R R PMOS i 2 NMOS &4%, &REMRRET L H p RIT)
R¥ARE N BB e B, s 4, BRLPMOS R4EE,
FHEHAHETESR P BEHEBERMREBEARTH . 8. #. .
WA BB, WIS . P AL BERAISE I REHEX
%5 4.9eV Bk 5.2¢V Z 1A PMOS k. BUE, E—EEFRP,
R NMOS S48, FRTHTESN ERiE BRI RaERA R
T4, 85 5k 8. BREIRAS, flnEBXERTENeRBRLY,
BUBRAGAR . BRiLSh. BRALER. BRI, N BERBEHRERESR
R B KRS 3.9¢V BUKE 4.2eV Z 1 NMOS Mitlk. 7E—85Th 7
o, AfHEAEAARE S NS EMBIRE. i, TURhREeE,
HERENESRNSEHRBERER.

Eit, CEATFT B EERRIGEN S, P miss &
T REAR (FIOTRB AR EED N RKSRATE N NESE,
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BN T MOS SRS 0 SR, HRA TN . ShEE AN E {4 3
SR BATFRIGHRE, ZE DK S PR AN AR X 2 R B AL A HF
BB TASDENSRE, FEEMMMLOER-RNLeRE. Wit 8
AR 2R R ph RN T S S, AR B A S Ty U S T R
RAEASAMEANZHEEERNER. Bt AL ZERET
Mak, REHE TSNS

B 4 hFs T AT A A R XY SR st ik A
6 400 F2 5ikb ot R F AR 8 BE S M sUA R G MOS S8R EER . IniEpT
T, SEEEHTETE RS AME, UC B UC BEEZRAEEENER
NG R, SR ETE AR I BE hE 118 K.

DB R AR BT R, RIS RE, R
B E R 5 B S A R R T T AT R . REEEUF TR
BRAY B B HOR T AR RO 9 B S A F,  (E A SURA SR A SR
PAREIE, TEARBRATEEA S SN e SRR R

AT LR DL SR A R I AT I B . FERTIRCR] R A
A B A R R R A R A B U R RCR B SR e B A RO R
LA R, ARHHEESARFTHRRIERSRE, MRERH
SR AR B S R SR SR BT B AR SRS
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Abstract of JPHES183180 {A}

PURPQOSE: To provids a semiconductor devics whersin contact resistancs is not
increased sven though the device is made finer. CONSTITUTION: There are provided
on a silicon substrate 1 a gate electrode 4 formead through a gate oxide film 2, a source-
drain diffusion layer 6 formed on the suwrface of the sificon subsirate 1 oppositely to the
gate slacirode 4, a source-drain eiectrode 9 formead on the source-drain difusion layer
8, and a Si-Ge mixed orysial layer 8 displaced between the source-drain slectrode 8
and the source-drain diffusion layer 8.
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atent Translate

Fowersd by EPFO and Goagls

Notice

This transiation is machine-generated. lf cannot be guaranteed that i is intelligible, accurate,

complete, rellable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based o machine-translation output.

DESCRIPTION JPHO5183160

{0001]

BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a
senticonducior device capable of reducing comtact resistance and a method of manufacturing the
same.

(R EORMBSE] ARG, V27 MEROBRCER D3 BEAERRT ORI
HEREY 5,

{D00Z]

2. Description of the Related Art In recent vears, large-scale integrated circuits (LS} formed by
irtegrating a large number of transistors, resistors and the like to achieve an electric circuit and
integrating them on one chip are formed in important parts of computers and communication
devices, It is used extensively. Therefore, the performance of the entire device is closely linked to
the performance of the single LSL

[REROH] B, T2 Y 2~ 4—PEERSOTETICR, BHO M5 VUSRS
ZERBEEZENT XKL "97“:3 D 1o 7 RICERE U OB LI KRR AR
(LS 1) BBRHINTVS, Tk, BERSkotaed, LS T B RE U
{i\ i L'\’?S)G

{0003}

The performance improvement of a single LS can be realized by increasing the degree of
integration, that is, by minfaturizing the elemerst. As the mipiaturization of elements progresses,
the diameter of the vontact hole connecting the wiring material and each element becomes
smaller, and the contact area between the wiring material and the element becomes smaller. As a

02-08-2018 1
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resulf, the resistance in the contact hole, so-called contact resistance, increases with the
miniaturization of the device. For this reason, the contact resistance acts as a parasitic resistance,
the current supplied to the device decreases, and an operation delay ocours,

LS Hfko{EnEm hid, BEEEZRVZ L, DFED £27FOMBLEZORETES,. &£F
OFEREHENGEE | RBHM BB T LRSIV 0 bR ECE D, R R L
OEMERANE RS, TR, a7 R—ACBU AL whids, OXE I MK
i, BFoOMiits BiCEKRT 3, Cod, avE MURADEFERRELUTEE, RF
CEEENAERNPEED, BHERERETS,

{0004}

Therefore, in an electric field transistor (FET), as shown in FIG. 14, a method of forming silicide
93 on the surface of source / drain diffusion layer 82 has been studied. In this method, after
forming the source / drain diffusion layer 82, an insulating film 83 1s formed on the sidewall of
the polysiticon gaie elecirode 91, and subsequently, & metal film made of titanium or the like is
deposited on the entire surface of the silicon substrate 80, The metal film is heat-ireated to form
the polysilicon gate electrode 91 and the drain / source diffusion layer 82 into silicide, and
thereafter, the unreacted metal film is removed by etching.

FLC, SRV VAZ (FET) KBHNTE, B 4GET &I, V—RA « FLA2E#
Fo2nEHEHK VYA ROIFEBRITSIHESIRHEINTVS, COHEE, V-2« FLo
CHEE O 2 E%&Lt&m\&ﬂxUBVVw%%@ﬂzwwﬁkﬁﬁﬁq L. B
T, PUaVEHROOSEIE., FR 80 0hiBREPERL, CoSEBICEVIBYRL
THRI YIS — R EES 1, hb%/-V~A%%§9£¢vUﬁ4Fﬁb\Cwﬁwﬁﬁ
HOSREEP Ly F U IRETZ LS EDTHS,

[D0035]

By using such a method, the effective contact area between the source / drain diffusion laver 92
and the source / drain electrode 85 is the same as the area of the source / drain diffusion laver
G2 even if the diameter of the contact hole is reduced. It is possible to prevent an increase in

contact resistance.

COXIRAEEFHCEET, VAT b= OBMNRE ST, V=X FLA UV
%ﬁ% =R Rl ERO H OGN EMERY, V-2 FLr g zo
EREECKTE, 287 PEROMAERETES,

{0006}

Haowever, as minfaturization advances further in the future, the area of the source / drain
02-08-2019 2
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diffusion layer 92 is expected to decrease to about 1.0 gm 2. As a resulf, even if the contact area
is the same as the area of the source / drain 82, The contact resistance value is high, causing
problems such as operation delay.

Lb*b LHE, SERELICERIENEATHCE, VX« FLa VIS 9 2 OEEN
1. O pm2 BEE TSGR ETHRIN, CORR BHEEY—X - FLV{ 202 O
f%fié:‘im ILTH->TE, IVAF MFOEERWEOEED, BEEESOMENEUS,

In particudar, the contact resistance between the p @ + diffusion layer and the silicide is higher
than that between the n @ + diffusion layer and the silivide, and it is necessary to lower the
resistance of this portion.

B, p+ BEEE U REOBOINE S MERE, n+ JEE L UYL REOBIODF
FUCENE L, TOREREER{IETINERND S,

{0007}

As described above, if the device is Turther miniaturized in the future, the area of the source /
drain diffusion layer becomes very small even in the FET using silicide, so the source / drain
There is a problem that the contact area between the electrode and the source / drain diffusion
laver is reduced. thereby increasing the contact resistance and causing problems such as
aperation delay.

CREARIRL &5 295308 BRowd, SH%E SERTOMMENES &, o KE

BORFETTHE-TE, VA« FLAVEBBOERMIERIOME (30T, V2 F
LA VBREE Y — A« FLA VBSUE L OBRERAVNE {0, ShICED, 2> 87 M
KL, BERESONEAELS LV HESS - .

{0008]

The present invention has been made in consideration of the above circumstances, and an object
of the present invention is o provide a semiconductor device which does not cause an increase
in contact resistance even if the miniaturization of the device is further advanced, and & method
of manufacturing the same. is there,

BRI, BN EERLTREINALOT, TOENETE LI, SBREDERTOH
FHENEATE, a2 &y MEROBRZESEOFREEEKRT %@?ﬁl‘ HERERT S T
#“—%é’:‘}

02-08-2018 3
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{0009]

SUMMARY OF THE INVENTION In order to achieve the above object, a semiconductor device
according to the present invention comprises a silicon substrate and a source / drain diffusion
layer formed on a silicon subsirate, a silicon A mixed crystal layer comprising an element is
provided, and as the predetermined element, a difference between an energy level at a valence
band edge of the mixed crystal laver and a Ferm level of the source 7 drain electrode is the
sopurce / drain diffusion. | is characterized in that an element smaller than the difference
between the energy level at the valence band edge of the layver and the Fermi level of the source /
drain electrode is selected.

(R ERUH 3 OOFE] HEOHNE ST, ARHOPEAEEE, iy
HRICEREI NV —2 - }bfoWEVV Ao Fled EREOBIC, U EFED
FEREDOEIBEF/HRU LN, $EREOLRE LT, dERBOHE FRROT 2LF
—HE PRV R RLAEROT oV IEHEOFR, iV —R « FLo EEEOM
FrHHOLROLF-EG2HEY X - RLACEROT7 o IEGLORE AT RS
EEBAE BRI ET S,

{0010}

Further, in the method of manufacturing a semiconductor device according to the present
invention, after forming source ¢ drain diffusion layers on a silicon subsirate, a mixed crystal
laver consisting of silicon and a predetermined element is formed on the source / drain diffusion
lavers using a CVI) method. And the step of forming, as the predetermined element, the
difference between the energy level at the valence band edge of the mixed crystal layer and the
Fermi level of the source / drain electrode is the valence eleciron of the source / drain diffusion
fayer It is characterized in that an element smaller than the difference between the energy level
at the band edge and the Fermi level of the source / drain electrode s selected.

Fin., RBHEOPEASEBOEGEM R, YU RN/ X s FL7 B ER LR
 CVDEEZROTHYIVEREDIR MO EIREBEGEY—X « FL7 g LK
ERT 2 IEER L, fidfcEofRe U, il ESEOME AR 30— 07 L1
VX FLg VEROT 2 IR EQED, §idY —X « FLAVEREOEE R0
FF-BE A/ R s FLA VRO T 230X OSSR RATC
EEFHETS,

Alternatively, fnstead of using the CVD) method, the mixed crystal laver may be formed by
implanting fons of a predetermined element satisfving the above-described conditions into the
source / drain diffusion layer.

T, CVDEEHVLAOHIL, VA » FLA VR LR L e 2Ry ok
02-08-2019 4
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DA EIPABIET, RESBEEBRLUTHERY,

{0011}

The contact resistance between the source / drain elecirode and the source / drain diffusion
laver decreases as the difference between the Fermi level of the source /4 draisn electrode and the
energy level of the valence band of the source / drain diffusion laver decreases.

(Rl V— A« FLAVEREY—A - FLA VLD 7 FBRE, VY —X - KL
A BEOT 2R E V-2 - RLA VEBBOMEFHOL R PR L ORMhE
FENATI RS

{0012}

In the semiconductor device according to the present invention, the source / drain electrnde &5
connected to the source / drain diffusion layer through the mixed crystal laver consisting of
siican and a predetermined element, and the energy of the valence band edge of the mixed
crystal layer as the predetermined element An element in which the difference between the
energy level and the Fermi leve] of the source / drain electrode is smaller than the difference
between the energy level of the valence band edge of the source / drain diffusion laver and the

Fermi level of the source / drain electrode | is used.

AFEROPREER TR, V-2« FLAVEERY Y OV EHEOGENMRIRKEENL
TY—2 « FLAVEREEERL, EORE LT, wERBOEE RO —
A EHIEV— R« Rl YEEO7 2V G EOEN fiEY—2 - L7 rElBoms
FHIRO L RAF APV — A« RLACEEO 72 VI LDE LI REaTE
ZRVTIN S,

{0013}

That is, by connecting the source / drain diffusion layer and the source / drain electrode via the
mixed crystal layer, the difference between the Fermi level of the source 7 drain electrode and
the energy level of the valence band of the source / drain diffusion layer Is effectively reduced.

Wﬁuﬁﬁ@%ﬁbf?wl-F&%yﬁﬁﬁpywz FlLA VBB ERTICRT, Y
— X KA WEBEROT 2 VI E V-2« FL 4 UvEEOEE ORI ED
EREESIC I L LTS,

{0014}

Therefore, even if the contact area between the source / drain elecirode and the source ¢ drain
02-08-2018 5
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diffusion layer is reduced due to the miniaturization of the device, the increase in the contact
resistance due to this can be prevented by the decrease in the contact resistance by the mixed
crystal layer.

Lisddo T, RPOMRICK D VR« FLr V8LV —A « Rl 2 E L OB
BB PELELT ‘u, CHICR By R Y MEROBAE, FURSSCELZaya s M ERD
i}& j\{"— t;: %) vifg XJ

{0015}
In the method of manuflacturing the semiconductor device, the mixed crysial laver is formed on
the source / drain diffusion layer using the CVD method.

o, PEREEOBGAE TR, CVDEERWTY—Z « Pl 3EE NORSBEBK
L'_(;t\“'é?u

Therefore, the mixed crystal laver can be formed without damaging the silicon substrate.

LIEW T, YU aVERCAA-VESZ 20 EMIESBEERTE S,

{0016}

Embodiments of the present invention will be described below with reference {o the drawings.

Uil DUT. M@ LA osuRiEdindy 3.

1 and Z are cross-sectional views of manufacturing processes of a MOS transistor according to a
first embodiment of the present invention.

M1, K2E, REHOH | OFERMICHRDLMO S Mo I A0S THEIEK TS S,

{0017}

First, as shown in FIG. 1A, an element isolation oxide {ilm 2 is formed on an n-type Si substrate 1.

F¥, K1 (a) KRS, oS i EE B, BT oBHR bR r.’i' 20
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Then, a gate oxide film 3 having a thickness of 8 nmn is formed in the element formation region
surrounded by the oxide film 2 using a thermal oxidation miethod, and subsequently, a
polverystaliine silicon film to be a gate elecirode 4 having a thickness of 30D nm on the entire
surface. Deposit.

AT ORI 2 THERCEPEREENC, BRREERNTEE 8 nmO ¥ — MNa LB
IEWHL., T, RECEI 300 nmdD T — MEE4 L ASFHEV I VEREZHRT S

o

Then, the polyerystailine siticon film is patierned by photolithegraphy o form the gate electrade
4.

FLT, 7APIVHS 7 HEHERNOTEESEE SV OV BEEAA—Z Y P LTy — R
4 BBRT Z,

{0018}

Next, as shown in FIG. 1B, a Si0Z film to be the sidewall gate insulating film 5 is deposited on the
entire surface, and then the entire surface of the SI02 film s etched back to form the sidewali
gale insulating film 5 on the sidewalls of the gate elecirode 4. Form.

KB (b) ERTHC, SEEARY—PRERS 1555 | 02 MERMLER, 0
S 1 0ZB@e@mET yFy LT, 7F— N4 ORISR — FEBER 5 ZIET 5.

Next, BF2 is implanted under conditions of an acceleration voltage of 40 keV and a dose of
Stimes 10@15 cm @ -2, Tollowed by heat treatmernst af 850 DEG C. for 30 minutes In a nitrogen
atmosphere {o form the p @ + -type source / drain diffusion layer 6 Do.

NTHIEEIFE 40k e V, 5wx%§ 5% 1015cm-208HFETREF2EHAL, BT, €&
Fﬁi"ﬁt@ 8507 C, J0RORUBETTE>Tpe MOV —2 - FLAERE s ZIBRYT S

{0019}

Next, as shown iz FIG, 24, a Si02 filin 7 having a thickness of 800 nm is deposited on the enfire
surface by the CVD method, and then the spurce / drain dilfusion layer 6 and the source / drain
electrode @ formed in a later step are formed. Form a contact hole for making contact.

RICEE 2 (a) IKRTHA, CVDERBGWT, SHEIETS0OnmOS { 02 B 7 RHERL
02-08-2018 7
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e, VX LA CHRIE G DRINETERT SV -2 - Pl ooy ey be
WBEHOAL R T FHR—NEERT S,

Then, Ge +ion implantation is performed under the conditions of an acceleration voltage of 20
keVand adose of 3 X 10 16 cm 2. Thereafter, heat treatment is performed in an Ar atmosphere
at 600 ° C. for one hour to bond Ge and 8i implanted into the 8 substrate 1 at the lower portion
of the contact hole, By such an ion implantation step and a heat treatment step, the Si-Ge mixed
crystal layer 8 to be 81 008 Ge 0.2 can be formed on the surface of the 5i substrate 1 at the lower
part of the contact hole.

BATHEETE2 0 ke V, F—XBIX1016cm2 ORETC e+ DA A VEALETES,

IO, ArFEHTPT 00 ¢ | REOBRISRTTRG, 2227 PR S 1 B

WRIKEATAEC e &S 1 228033, IOL R4 0EATER, BUIHITREICKD,

VAT RR-AEEOS i ERIOKXET, SI1080eD2E8B5S 1 —0 c HEBREERK
D

T

o

{0020}

Next, as shown itz FIG. 2R, in order to sufficlently increase the impurity activation ratio of the
Si—Ge mixed crystal layer 8 and the source / drain diffusion layer 6 therebelow, 1000 ° €.
Perform heat treatment for seconds. Then, an 800 nm thick Al alloy filin is deposited on the
entive surface as an electrode material. Finally, the Al alloy fliim is patterned {o form source /
drain electrodes 8 to complete a MOS transistor.

2 (b)Y IR, S —C e BB RTFOTROV—A « Rl VS s O
PSR TS AT 5720, ArSHEPRTI000° ¢, | OPORUREHFES .
RNT, FRMHELTETR OO nmDA | S PHICHERT S, Bk, oA 152
BERSE - T UV —A s FLAVEBOBRERLTMOS bV URARSERT S,

{0021}

FIG. 3 is an energy band diagram of the source / drain diffusion layer 6, the $i—Ge mixed crystal
laver B and the spurce / drain electrode & In the contact hole of the MOS transistor obtained by
the above method, and FIG, It is that of the obtained MOS transistor, that is, a MOS transistor in
which no Si—Ge mixed crystal layer is provided between the source / drain diffusion laver and
the source / drain electrode. In the figure, ¢ B is the energy level difference hetween the Fermi
level of the spurce / drain electrode and the energy level of the valence band edge of the mixed
orystal layer or the source / drain diffusion layer in contact with the source / drain elecirode. It
is.
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sk, PROAETELONEMOS IV YRRDONE D b BHB Y-« FLA Y
WEEe, S1—CellBES, V=2 FLAVBROOI VI FETHD., Ml
. EEAFETEONEMOS POV RA DEL, VX FLAVEREEE V-2« FLo
VEEEZOBICS 1 —C e lBEEMNMBUSRATHEVMOS hI 2 PVZ20FNTHS, K. B
1, ¢BR. Y—A FL{YEROT7 VI L, SOV—X FLAVEREEMUE
SRV A - FLg SO aorn sl —8ii o b F—%UETHE S,

{0022}

From these figures, it can be seen that the energy level difference phiB of the MOS transisior of
this embodiment is smaller than that of the prior art. This is because, in the MOS transistor of
this embodiment, the energy level of the minimun level of the valence band is shifted to the high
level side under the iInfluence of the Si—Ge mixed crystal layer 8. As described above, the ratio of
Sito Ge in the 5i—Ge mixed crystal laver 8 at the interface hetween the §i—Ge mixed crystal
fayer 8 and the source / drain electrode 8 is 4 1. On the other hand, the confact resistance Re
between the semiconductor having a high impurity conceniration and the metal is expressed by
the following equation using the energy level differenice phiB. Re = alphaexp (A phiB / 1/2 Nd}
where alpha. Is a proportional coefficient, Nd is the interface density of holes, and Ads a
constart. From the above equation, it can be seen that the contact resistance Re becomes smaller
as the energy level difference .phiB becomes smaller,

INHOENS, ARERHOMO S I I AAOTINE-HERHE B OHH, EEoFhX
DAENT ERGHE, ThiE, REEROMOS FIYVALTE, Si—CelBREsoW
WICED, BEEHORNESOD AT L-ULA GV 7 P LEMDTHES. Ik, k
MULAEEIE, ST —GCellBBSEYV -2 FLAVERIEONWICETS, S1—Gelld
SMERMS 1 G e Dl 1 1THS, —H, PHYMRESSVEEREBREOOV XY
FEHFIRc R, maAF—EiE e B EHOTEARADX S CEDE NS, Re

=pexp (A9B.1/2Nd) TTT, o3RS, NdRR—VOFmRE, ATEET

Bo FIIH, ZRANMPF—HEE B HNINEE, 3227 MR ADIRBZ T LAY
5.
{0023}

Therefare, since the contact resistance can be made smaller in the MOS transistor of this
embodiment than in the conventional one, even if the area of the source / drain diffusion layver
becomes smaller due to miniaturization, an operation delay due to the increase in contact
resistance occurs, Absent.

LizAio T, REEROMO S FI2IAEOIM, #EOFALL, ava o FEFERAEL
TELOT, FEHLICE D, VX - FLA VEEEOERNSVME (R TE, a2 Ml
OIS X SEHEBRIEAE Uik
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{0024}

Further, in the present embodiment, since the Si-Ge mixed crystal layer 8 is formed using the jon
implantation method, the Ge concentration becomes higher closer to the substrate surface, and
as a result, the 5i-Ge mixed crystal laver 8 and the source / drain The energy fevel of the
conduction band of the elecirode changes smoothly as shown in FIG.

BiREmQ
MJ{K%%

Fie, AREHERTE. K#Vﬁﬂﬁ%mﬁfﬂi—GP&%@Qﬁ@@?%WT,
iaﬁeiﬁﬁ:ﬁ‘ml< L COER, ST —C e BEBSKETV—A FLAE
IRAE-EE, M3 KaUEXIEELO TS,

{0025]

Thus, according to this embodiment, since the energy level difference .phiB can be reduced, an
increase in contact resistance can be prevented, and a MOS transistor can be obtained which
does not cause an operation delay even i miniaturization is performed.

L LTRRERIC R, m3 03— e B AN {TEZOT, V&7 MDA
EHETE, BT, RO R THEERBEOEERSMO S pIF VR REEL T M
T é‘; Do

It the present embodiment, the contact heles are not completely closed, but may be completely
closed by a mietal such as W,

35, ARHITE, IV X R R ARSI TS, WEO SR TR

4
¢

{0026}
FIG. 6 is & cross-sectional view of a MOS transistor according to a second embodiment of the
present invention.

BB, ABHOE 2ORBIICHRDEMO S PO VI ARONEMTHS

The MOS transistor of this embodiment is different from that of the previous embodiment in that
a 5i-Ge mixed crystal layer is formed by using a CVI) method.

AEHMOMO S b o2 IR IPROERMOZTNEREZL . CVREEHWT
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Si—CeolREEERLEI LSS,

{00271

That is, after the gate oxide film 13, the gate electrode 14 and the sidewall gate insulating film

15 are formed in the element formation region of the silicon substrate 11 surrounded by the
element isolation oxide film 12 by the same method as the previous embodiment, lon
implantation of BFZ is performed under the conditions of an acceleration voltage of 40 keV and a
dose of H.fimes. 10@15 cm @ -2 to form a p-type source / drain diffusion laver 16, As shown in
FIG. Next, a Si02 film 17 is deposited on the entire surface, and a contact hole is opened in the
SI02 film 17,

HIe, SeodRRHEHEMGHE T, RPoRBAR 1 2 TREN S UDVEHE L | ORTE

&mﬁm,?w~%k@13,&wb§@14 ey — MR s RBERIU R, ST

40keV, FP—XE5x1 GJ(MZW*@LBFZ@QjJﬁj?ﬁfﬁ p B — 2

FLAVERE I 0 RERT S, RICSHEICS 021 7RHRELEE, CoSi1 02K
Tiaryasy ?ww;b%ﬁ?}i}@‘m

{0028}

Nexi, the 5i--Ge mixed crysial laver 18 is buried in the contact holes to a predetermined height by
a selective CVD method using a mixed gas of SiH4, GeH4 and HZ. Specifically, firs, the total
pressure of the mixed gas is set to 27 Pa {SH 4 partial pressure: 6.5 Paj, the subsirate
temperature is sef to 5507 (., and the $i—Ge mixed crystal laver 18 is formed. Then, the GeH4
partial pressure is gradually ralsed to a final value of 1.3 Pa. During this time, the HZ partial
pressure is decreased so {hat the SiH4 partial pressure and the total pressure become constant at
6.5 Pa and 27 Pa, respectively. After forming the 5i-Ge mixed crystial layer 18 by the CVD method
under such conditions, for example, lon implaniation of 200 keV, Liimes. 10@15 om @ -2 and 3D
keV, 3.times. 10@15 cm @ -2 of B is performed, followed by the impurity. Is subjected to
activation annealing at 1000 ° C. for about 10 seconds using Ar. Finally, source / drain
electrades 189 made of an Al alloy are formed to complete the MOS transistor.

FIES 1 H4 2 G e H4 2 H2 &mff”*ﬁxfi{@ﬁﬁ{,mf%‘t\ DElc kb, &Y hR—ib
WICS 1 —C el SEMEORIETHY S, BEMCE., 8y, ESTAaosihz
27Pa (SiH4WE: 6. 5Pay, gﬁi?ﬂn@f"i 550° C#Caﬁ'}tt S1—CelBiE
PREBHRT S, LT, 4G e HemEEE L, BRI Pakdd, TOH
S i H4 ok, 2RI %ﬂ%ﬂﬁ 5Pa, 27 Pq&*&k&@ijhxﬁa% AR
2EHB, TOXEENTCVDELIDS i —C o1 8EERLER, WAL, B
200keV, 1 21015em2230keV, 321 01S5aem-200 3 FEAERITEND, B
f\b@$ﬁwwAr#%wFIOOGﬂ“,%IO@@%W&?Swﬁ%%?awﬁ&k
ATBENMERZIV—A - FLAVEE I SFREBRLTMOS P UVREHFERT S,

g
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{0029]

if the GeH 4 partial pressure to the SiH 4 partial pressure is abways constant, a Si—Ge mixed
crystal layver in which the ratio of 5i 1o Ge is constant at 4: 1 can be formed. In this case, a band
+€ mixed crystal fayver 18

structure as shown in FHx That is, at the boundary betw
and the Sisubsirate 1, a band struciure in which the conduction band is discontinupus is

obiained.

BB, STHADHFEHETZ0 e H4e HEEFL —IKITIE, SikCelbolhde 12—
;E@ S i —(: ';Eﬁfm@};}f fﬁ c'?\ L*G_}i% u L‘!ﬁ_fj\ ’3“:3:. JZ:';/' ;\J"‘ b’%“i "_}i@}\
S1—GCelESE18LS 18kl Los *“‘%’z.’ﬁ}%ifu ARSI FREBEAEB O NS,

{00301
Even in the MOS {ransistor obtained by the method described above, the spurce 7 drain electrode
-e mixed crystal fayer

19 is conpected to the source £ drain diffusion fayer 16 through the §
18, sp the conduction band edge and the valence band edge Regardless of discontinuidiies and
comtinuity, the energy level difference ¢ B decreases and the contact resistance decreases,

PLERATEAHETELALMOS PO I ARXTE, V=R « FLAVERBIONS { —GC el
S 8ENTULTVY—X» FLa Uil Gi\_?ﬁ%* LTWVEOT, #5550, @ Smmof
HE, HEICEDLS T, DRNFE-EIESRIVBEI Y, a3 R Y MERANE RS,

Therefore, even if the elements are miniaturized, the operating speed can be kept high. Further,
sirtce the Si-Ge mixed crystal layer 18 is formed by using the CVD method, there is no possibility
of damaging the Si substrate 11 as in the case of lon implantation.

Lizht- T, ?@f@ﬁ%ﬁ{t%’ﬁf“‘? Th, S8{ElERPE MO ENTES, it CVDF‘%
TS i —C el SEERLTWIOT, /13 V/FEAOESOEKS 1 Bk 14
A—UHE X BN,

{0031}

In the present embodiment, the contact holes are not completely filled with the $i-Ge mixed
crystal layer 18, but as shown In FlG. 7, the same applies even if the contact holes are completely
filled with the 5i-Ge mixed crystal laver 18, An effect is oblained.

ke

B, KERHTE, 3y F-AES 1 -G ei,mmf?é" 8§ TRRICHS T ad, |
7Ly

RERIE, BRI PER-LES 1 —C e RS 1 8TIERINEDTERBEARRMED
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{0032}

Also, instead of depositing the 5i-Ge mixed crystal layer 18 in the contact holes to a
predetermined height by selective CVD, after depositing Si-Ge on the entire surface, the entire
surface is efched back to perform Si in the contact holes. The Ge mixed crystal laver 18 may be

formed.

Fi, BEOVDEEEY, 0259 PFR—ARIES 1 —C e EEE 1 8 EHREOHE SETHR
FEHLOK, @FEIES 1 —C e [CHERL AR, REnvFN\y 2PEFESCETaEZT MR
—IRIES § — G eSS 1 REBHLUTRHEV,

FIG. 8 is a cross-sectional view of the manufacturing process of the MOS traasistor according to
the third embodiment of the present invention,

BB, ABHOEIOERBIICHEDAIMO S P Y AXORETREENTS 5,

{0033}

First, using the same method as in the first embodiment, as shown in FIG. 8A, a gate oxide film
23 and a gate elecirode are forimed on the element formation region of the silicon substrate 21
surrounded by the element isolation oxide film 22. A sidewali gate insulating film 25 and p-type
source / drain diffusion avers 26 are formed.

g, H L OREREERAAEEHOT B8 (a) v, Sy oz 2Tl
ENFes U oVERZ 1 ORTERERC, YRz 3, F-PEE2 4, Y-
REEZ2 5, pBIDVY—A - FLACEEE2 8 BBRT %,

{0034}

Nexi, as shown in FIG. 8B, Ge + ions are implanied under the conditions of an acceleration
voltage of 20 keV and a dose of 3 % 10 16 om —2 to introduce (e on the surfaces of the gate
electrode 24 and the spurce 7 drain diffusion layer 26.

IS (b)Y ImdHIR., Ces A4 EMEEE20keV, F—XE3IX1DI6cm-20
FHTIHAR, F—rEBE2 4, V—RA - FLAVERE2 6 DEFRC e BEAT S,

Next, Ge and Si are bonded to each other using a heat treatment at 600> C. for one hour in an
02-08-2019 13
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Ar atmosphefe 1o & mixed crystal layer 28. Thereaffer, heat treatment at 1000° C.
for 10 seconds is performed in an Ar atmosphere to increase the activation ratio of the impurities
i1 the Si—Ge mixed crystal layer 28 and the source ¢ drain diffusion layer 26 thereunder and the

gate electrode 24. .

FATA P HEEBT, 600° ¢ IFBOBRBEERNTCe &5 1 ARG EYE.
S1—CeBRE2 RIFERT A, 1_0’31& Si—CeBREB2SRUFOTOV—X« Fif
EEUR 2 s TS — MR 2 4o oEHESRE TS i,

1000°C OB EA »r FEKPTITED,

{0035}

Next, as shown in FIG. 8C, after depositing a Si0Z film 27 with a thictkness of 800 nm on the
entire surface by CVD, contact holes are opened in the Si002 film 27. Then, as shown in FIG.
Finally, an Al alloy film having a thickness of 800 nm is deposited on the entire surface, and this
is patterned to form source / drain eleciroedes 29, Thus, the MOS transisior is completed,

RICE8 (o) IRTIL, CVDEERGT, SHIKEI800nm@S { 022 7 2HW
Uisfs, cOS 10282 7ikavE S hk— w%ﬁt?@}ﬁﬁr BHEICEIS 00 nmD
AlGSBRHERLER, ChENF—-o ¥ LTV -2 FLArERe 9FERLT
MOS PP AXAERT D,

{D036]

Even in the method described above, since the source / drain electrode 29 and the source / drain
diffusion laver 26 are connected via the 5i-Ge mixed orystal laver 28, the energy level difference
@ B becomes small, and as a result, miniaturization Even i it does, since the parasitic resistance
by cortact resistance can be kept low, an operation delay does not occus: Iis the present
embodiment, the contact holes are not completely riosed, but may be filled with a metal such as
W to be completely closed.

BUEAATEHETE, S1—CeBRE28382ALTY X« FLr@l2 oV —X - P
A HEIE 2 6 LAERIL THBOT, :!:Pf' MR o BV E kb TORE. Rt
EYR-TE, 22y MEFIIK K S8 ER ’Wf{x o LN TEZOTHMEREREC ?321.‘
o Wb, ARMHITE., 3R 7 FAAGEREENNTUELS, WEoeRERKL
BIRESNIEEEE L TEEN,

{0037}
FI1G. 9 is a cross-sectional view of the MOS transistor according to the fourth embodiment of the
present invention. The MOS transistor of this emboedimenyt is different from that of the third

02-08-2019 14

Page 178 of 348



embodiment in that a 5i-Ge mixed crystal layer is formed by using the CVD method.

B Q. xgmm%4wA%%k%%@ufQﬁﬁyzaqw%mmf%aji&ﬁ%ﬁ
MOS RS UVRSABICHEBRAOTNEREZSE., CVDHEHWTS 1 —CcBEEBEER
HLECREES

{0038}

That is, affer the gate oxide film 33, the gate electrode 34, the sidewall gate insulating film 35,
and the p-type source / drain diffusion layer 36 are formed in the element formation region of
the silicon substrate 31 surrounded by the element isolation oxide film 32; A Si—Ge mixed
orystal layer 38 is selectively formed on the source / drain diffusion layer 36 to a thickness of,
for example, 50 nim using a selective CVD method. Thereafter, the same steps of deposifing the
SI0 2 film 37 as in the previous embodiment, npening the contact holes, and forming the source
/ drain electrodes 39 are performed to complete the MOS wransistor. The impurity is introduced
intto the 5i-Ge mixed crysial layver 38 on the source / drain diffusion layer 36 by, for example,
implanting B lons under conditlons of an acceleration voltage of 40 keV and adose of about 1 X
10 16 cm —2. The activation annealing may be performed at 10° €. for 10 seconds.

G, EPONEREE3 2 B IVERS | ORTERERK., Y ek
33, F—-REE 4, RS- MERES S, pBOY—-X . %vfzﬁﬁﬁoa B LA
%, BRCVDEBERHGWTVY—A FLAVEREEBIS EICS 1 —C e BRE3sEHRE
50 nmOE X ICERMCERT S, a@%\%mﬁmWLﬁ$&% Q23 7OMRTE,
AT bR OB 31&#1 VR oo FLof VEBES 9DERIRERTMOS b2 VRE
ASER T S, KB, VA FLAVEBEI6 LOS | —C e BEE 3 8 OTEYE AL
Waﬁ\Mﬁ%F4Uke¥,~“Xii\lGMCmZ§ m%ﬁ(8®4wx&xﬁnﬁﬂ
o, 10007 ¢, 1 OBOBEET a3 THAERY,

{0039]

Even with the MOS {ransistor obtained by such a method, the same effect as that of the previous
embodiment can be obiained. Also in the case of the present embodiment, the contact hole may
be closed with a metal such as W, FIG, 10 is a cross-sectional view of the MOS {ransistor
according to the fifth embodiment of the present invention.

CHE3RAFETELSNIEMOS FE U2 TR eOFRAEBIRTGENEE NS, &E.
AEHHOESE, WEOSETOVA Y Fh—IlBELTERN, K1 0, ABHOE s
EHEICBRDAMOS PO VIZAONENTES

{0040}
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This will be described according to the manufacturing process. First, the gate oxide film 43, the
gate electrode 44, and the sidewall gate insulating film 45 are formed in the device formation
region of the silicon substrate 41 divided by the device isolation oxide film 42.

NERETRICWORET R &, 29, £ 70BEBURY 2 T2 I N30 o 0Bl
P OFRTERER, Y- PR3, Y- P8R4 4, AR MBS BBKTE

{0041}
Nexi, ion implaniation of B is performed to form a p-type source / drain diffusion layer 48, and
then ion implantation of Ge is performed to forin a $i—Ge mixed crystal laver 48.

<

KICBDAFEAETEZSTpHOV—Z2 » FLAVERE4 s 2BRL, 5IEHE Ged
AFFEAETE->TS 1 —C eiREE4 8/*’% KT B

Thereafter, it order to activate B in the source / drain diffasion layer 48, a heat treatment at
1000 ° C. for 10 seconds is performed in an Ar atmosphere as in the third embodimert.

O, VR FLAVERE 4 s BOEEboRHIE, EI30EmH 2 EE
1000°C, 1 OFORIEA f MERPTHES.

{0042}

Next, tiartum silicide {Ti512} 40 is selectively formed on the source / drain diffusion layer 46 by
selective CVD method using a mixed gas of SiH4 and TiCl4 and setting the subsirate temperature
to 750.degree.

RICS T HAET1C 14 LOBEATREMHEL, ERSEY > CIEBRE LN
CVDEICED, VR FLAVEEE46 bicF 2 yn%4 " {(T1Si2) 4 0%BR
B BRT 5,

{0043]
Next, a SIOZ film 47 is deposited on the entire surface by the CVI method, and a contact hole is
opened in the SMOZ film 47,

RICCVDEERWTS 1 024 722WcERUR, 2051 02E4 7O s0 Rk
"““}i-”@:gﬁi-- 8 5— o
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Finally, an Al alloy filim is deposited on the entire surface and patterned to form source / drain
electrodes 49, thereby completing the MOS transistor,

BRI, Al SSRESEICHRL, ThEaRF—22 T U0V —R » RLA Y84 9 BER
LTMOS h 2T 2R &&3@

{0044}
According to the method described above, since the TiSiZ2 film 40 is provided between the Si-Ge
mixed crystal layer 48 and the source / drain electrode 49, the contact resistance can be further
reduced.

/{i‘ﬁ,{\\\‘f ﬁi\!’&.&élgi CB i _(r e ?j{ % P (., /’N e :L"f y‘%ﬁ‘@‘; e L)J)ﬁﬂi’:
TiSi2B40B2BIEOT, VX ﬁbﬁh%&h@wrv&ﬁ\L*

{0045]

In this embodiment, the Si-Ge mixed crystal laver 48 is formed by using Ge ion implantation, bul
as shown i1z FIG. 11, the Si-Ge mixed crystal fayer 48a Is formed by using the selective CVD
method. It Is good.

& RRGERT \€Pm4ﬁwﬁﬁw%ﬁ TS i —CelHB&B48BERLED ©
TR ‘3“3:',7“\ BINCVDEEHNTS 1 —CeoERB4 R aZBEBRUTLEV.

In addition, the comntact hole mav be completely closed with a metal such as W FIG. 12 is g cross-
sectional view of the manufacturing process of the MUOS transistor according to the sixth
embodiment of the present invention.

T, WEEOSKTO w,?%% ABFEREENTERN, B 28, ANHOE6 D%
o b3 MO S PR EOBLS za‘-*—rfmm THD,

{0046}

First, as shown in FIG. 124, a Si0 2 film 52 for element isolation is formed o1y an n-type S
substrate 51, Next, (e jons are implanted into the Si substrate 51 under the conditions of an
acceleration voltage of 100 keV and a dose of 3 X 10 16 cm —2, followed by annealing at 600
¢ {. for one hour in an Ar atmosphere. As a result, the Si-Ge mixed crystal layer 58 is formed in
the vicinity of the substrate surface, and the Si layer 50 is formed thereon. Then, the Si layer 50
is thermally oxidized to form a gate oxide film 53 having a thickness of B nm, and a
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polyerystalline stcon film 10 be a gate elecirode 56 is deposited on the entire surface, and
subsequently patterned using photolithography. The gaie elecirode 36 is formed. Thereafter, an
Si0 2 film is deposited on the entire surface, and this is etched back to form a sidewall gate
insulating film b5,

FY, B2 (3)i?§@< nBOS T ERS | HICRTEHS 1 O2KES 2eERT S

o MATCeAFU/EMABIFIO0keY, F—XABaAX1018cm 203 TS Efé{ﬁz
Wimﬂﬁ CERSTL ArSEEPT6e 00T ¢ BBV - ETTRES .. TOER,
ﬁéﬂ?ﬁﬁhhz—%vwfumahﬁﬁyaﬁﬂ YGLHLSIEJQ%W%&Km®o¢A‘TQJ
SIESORRRELTEIR nmdY— LB S 3ZBR LR, fEicY—PEMS B &
TAHEREUIVERERL. 0T, ShEZF MIVISI 7o EHNTRE—-Z VLT
P MERS SFEENT S, JOH, S 02BEEWmIERL, CThlnyF vy 0ERLT
Ry — MBI 5 s EIEKT S,

{0047}

Next, as shown in FIG. 12 (b}, BFZ ions are implanted under the conditions of an acceleration
voltage of 40 keV and a dose of 5.4imes 10@15 cm @ -2, followed by annealing at 850 DEG C, for
30 minutes in a nitrogen aimosphere. Source / drain diffusion layer 58 is formed.

I 2 (b)) KRTH, BE2AA2FMEEFE40keV, F
évr) R THBAAKER, SEFHRPFTR S0 ¢, 305072 b®ITEN, p’}f’j ‘»’“’*/’»
* ;‘ L"’{ /ffmﬁs{;@ 56 %ﬁ/ﬁkwﬁ. '5;7

{
>4,
&1
jwal
%
o)
[
%53 ]
f"\
&

{0048]

Next, as shown in FIG. 12€, after depositing a Si02 film 57 having a thickness of 800 nm on the
entive surface by using the CVD method, the Si(32 film 57 and the § layer B0 thereunder are
sequentially etched to obtain 8-Ge. A contact hole is formed to expose mixed crystal layver 58

KIKE L 2 (o) IGRgid, CVDEEHWT, SEKEIS 0D nm®S 1 Q2Ks 74
U, Si102Bs57, ¥OFOS iB5 0k yF 7B EL, S1—0C e BRE
SEMBHETAEEIC IR PE—AFEBRTS

Finally, an Al alloy film is deposifed on the enfire surface and patterned to form source / drain
electrodes 59, thereby completing the MQS transistor.

ﬁ%m\ﬁﬁmA SEEEMRL, ChERZ- LTV —RA FLAVERS aBER
UTMOS bSOV RAANERT S,
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{0049}

Even in the method described above, the energy level difference ¢ B is reduced by the §i—Ge
mixed crystal layer bR as in the MQOS transistor described above, so that the confact resistance
can be reduced.

"%LN%%&%%,ﬁ CHERUAEMOS PO WIAAEERICS 1 —C e BB 8k
—IER S BANEL R ZOT, 227 FEHOBRSEN S,

{0050}
Note that the Si—Ge mixed crystal layer 58 can be formed by using the selective CVD method
insfead of ion implantation.

535, A FEAORDOIGERCVDEEROTES | —C BB 8EERTES,

That is, affer the Si0 2 film 52 for element isolation is formed, a Si—Ge mixed crysial laver 58 is
deposited on the surface of the Si substrate 31 in the element formation region using the
selective CVD method. The Si fayer 50 may be deposited on the Si—Ge mixed crystal laver 58 by
using. Also, the contact hole may be filled with a metal such as W,

BB, 7P S 1 0286 28 L, BIRCVDEEROVT, RPENREEOS 1 &
o 1oEFEIC, S1—CBEREL3FHRL, 2o HUE f}“iﬁ VDEERHNT,
Si—GCelEWBrRrECS 1B 0EERTIETR, £, arva s bh—EWEOSHK
THEAZ ATHRHELY

{0051}

FIG. 13 is a crass-sectional view of the MOS transistor according to the seventh embodiment of
the present invention. The portions corresponding fo the MOS transistors in FIG. 12 are assigned
the same reference numerals as in FIG. 12, and detailed descriptions thereof will be omitted. The
MOS transistor of this embodiment is different from that of the sixth embodiment in that a
silicide is formed on the $i-Ge mixed crystal layver 58

M1 3, AREOE T OREIICEDAMOS FI VYR XOFERTHD. KB, B1 20
MOS PP RAEMRTLBENCER L 2 2E—/E EHLL@H;#%@&WJ& R
5 &%%W®m05}vx/A§ﬁP6@¥%%oﬁf PRESAZ. Si—CeBRES8 B
K94 FRBHLEZ LSS,
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{0052]

That is, afier the source / drain diffusion layer 56 is formed, a Ti film is depaosited on the entire
surface, followed by annealing at TO0 © €. for 30 seconds in a nitrogen atmosphere. As a result,
all of the St fayver 50 in confact with the Ti film is changed to the TiSiZ film 60. After this, the
unreacted Ti film and TiN film are removed. The subsequent steps are the same as in the
previous embodiment. By the above-described steps, the MOS transistor having the siructure left
on the TiSi2 film 60 on the gale elecirode 54 and the source / drain diffusion layer 56 is
obtained.

B, V—A -« FLOBERUES s BERURE, Bl T 1 BEENL, 5807, ERFHK
FT700° ¢, 30ROV ETES, COBR, TIiREEMULTWWS iB50&
BTTIS12B0IKEHE, Dok, REEOT 1ED, Ti NEPBRETS, COBoT
BleoEHMEERTHS, MEOTITHCXY, Y—PFEERS 4, V—A « FLoa 0 HEE

S0 RICT 1S 126 QIEBoRBEOMOS FS VI ARHTLEND,

{0053}

In the MOS transistor thus obiained, since the TiSi2 Hlm 50 is formed between the Si-Ge mixed
crystal layer 58 and the spurce / drain electrode 59, the contact resistance is further reduced.
The contact holes may be completely filled with a metal such as W.

COESKLTELNEMOS ISV YVRAATE, Si—GCeHREs82Y—A FLAVE
WMOGLOBMETISIZESOMERIATVSEOT, a2 MEREEDWSFS DI
G, B, 3FT FR-VDDPIWEOSE TRSIEAATRY

{0054}

The present invention is not Bmifed to the embodiments described above. For example, in the
MOS transistor of FIG. 7, the contact hole is completely filled with the Si-Ge mixed crystal layer
by the whole surface deposition of 51-Ge and the etch back, but even if the contact hole s buried
by the selective CVD method good. Although Ti8i2 is used as the silicide in the fifth and seventh
embuodiments, other silicides may be used.

e, BEEEHE PMUSOEIICEEESNS SO TRy, WA, RTOMOS P/ URR
?@ Si—CedDPHEHERE, myF Ry Eickb, VAT RR—AES § —C e BREEB
(ﬁL CHIBT-A, BIRCVDBEIEY V27 MR—VOEAARETR-TEREY, Th, &

, BT OSEBRITIE, YUBSRELTT I Si22HWENEO UYL FEHOTLEN
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In the ahove embuodiment, the p-channel MOS transisior is described, but the present invention is
similarly applied to an n-channel MOS transistor, a MIS transistor using silicon pther than the
MOS transistor, and a CMOS transistor as well. it can.

Fle, REEEEATE, pFyobdMO S bI U URKOBFIEDUCTHI U, A3EHE
L nFeRVOMO S FIYRER, MOS hFUARUAOIYAYERWEMI S BS
YA, HIL, CMOS FIYYRRICLHRICBHTES.

{0056}

Although the mixed crysial laver of 5i-Ge is used in the above embodiment, a mixed crystal layer
of 51 ard another element, for example, a mixed crystal layer of 8 and a Group IV element other
than Ge may be used. .

Fio, FEEERTE, S —C e DEGEEHVED, S i LtomRE0EBE, A
StEC eI VITELOEREERWT %Eﬁt‘

The point is that the energy level difference ¢ B should be small. In addition, various
muodifications can be made without departing from the scope of the present invention.

BT R LA 0 BAVIE < BV, B OM, ARSI £RH LN T, 5
REFELTHIETE B,

{0057}

As described above in detail, according to the present invention, even if the miniaturization of the
device progresses and the coniact area between the source / drain electrode and the source /
drain diffusion layer becomes smaller, the increase in contact resistance is prevented. A
semiconductor device that can be obtained can be obtained.

FEHOGR] BLEFR UL IR R U, 7o ds, v—2A - FL728
WMEV—X o B VEEE L OBEMERNNE CE-TE, 2227 MIHOBEREN L LE
LHFEREEHERL I LNTES,

{0058}

Brief descriplion of the drawings

BRI 0 S RS
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{D059]

1 s a cross-sectional view of a manufacturing step of the MOS transistor according fo the first

embodiment of the present invention.

BT ARSEEHO S 1 OEBRICEDAMO S P URX2OBNE TRVNTEN,
{00601

FIG. 2 is a cross-sectional view of a manufacturing step of the MOS transistor according to the

first embodiment of the present invention.

B 2 ASEHOE | OERIICEDHMO S b 533 2 X 0BE TR,

{0061}
3 is an energy band diagram of the contact hole portion of the MOS transistor of FIG.

BRAazoMOS I YREGIAVAY FR— L0 RLF - PR,

{0062}
4 is an energy band diagram of the contact hole portion of the convéntional MOS transistor.

B AROREOMOS PSR AT Y XY MR—IVEGD R AF—N\Y KR,

{0063}

S is an energy band diagram of the contact hole portion of the MOS transistor of FIG.

ESEeDMOS oI YVRADIYRT PR-IVBOT I FR,

{0064}

6 is a cross-sectional view of a MOS transistor according to a second embodiment of the present

invention.

6 ARHOE 2 OREFICHEDEIMO S T U YA X DEEK.

{0065}
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7 is a cross-sectional view of the MOS trasistor in which the contact hole is filled witlh the
Si—Ge mixed crystal layer.

P78 bR—ANS5 1 —C e BB THDLNEMO S FF VYA ZOlmEN,

{0066}
8 is a cross-sectional view of a mamndacturing step of the MOS transistor according to the third
embodiment of the present invention. FIG.

B 3 ARHOYE 3 DRBMICHEDEIMO S b5 VA SO TR,

{0067}
3 is a cross-sectional view of a MOS transistor according to a fourth embodiment of the present

invention.

519 AFEHON 4 DERPIZHEDBMO S F 52/ ¥ 2 X OB,

{0068]
10 is a cross-sectional view of a MOS {ransistor according to a fifth embodiment of the present
invention.

{

Bl 1 OARBHOE S GSEERcEP3MO S I YR RONEN,

{0069]
11 is a cross-sectional view of a MOS transisior in the case of forming a Si-Ge mixed crystal layer

using a selective CVD method.

Bl UENC VDEEHWTS | —C o BREEERLERSOMO S b I A X ORiEN,

{0070}
FiG. 12 is a cross-sectional view of a manufacturing step of the MOS transistor according to the

sixth embodiment of the present invention.

1 2 a0 6 O8EMICEDAMO S Fo VR AOEEE TN,
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{007 1}

13 is a cross-sectional view of a MOS transistor according to a seventh embodiment of the

present invention.

B 1 IARMHOPB 7T ORBENCHEDLBIMO S S 2 VX XOWEIK.

{0072}

14 is a cross-sectional view of a conventional MOS transistor.

B 4FOROMO S PSSV AROEERN,

{0073}

Explanation of sign

{0074}

1,11, 21,31, 41, 51 .. Sisubstrate 2, 12, 22, 32, 42, 52 ... Oxide film for element separation 3,
13, 23, 33, 43, 53 ... Gate oxide film 4, 14, 24, 34, 44, 45 .. gate electrodes §, 15, 25, 35, 45, 58
.. sidewall gate insulating films 6, 16, 26, 36, 46, 56 .. source / drain diffusion layers 7, 17, 27,
37,4757 .50 2 films 8, 18, 28, 38, 48, 58 . Si-Ge mixed crvstal lavers 9, 19, 29, 39, 49,59
.. source / drain electrodes 44, 60 ... titanium silicide {TiSi2) 80 ... §i layer

i, 1, 21, 31, 41, 51-Si&EK2, 12, 22, 32, 42, 52--F¥FEH
BB, 13, 23, 33, 43, 83— PEER
4, 14, 24, 34, 44, 54-+5—pEES5, 15, 25, 35, 45, 55-@sS—
RIS, 16, 26, 36, 46, 56— FLT S
7, 17, 27, 37 7S 102

8,

28, 38, 48, 5851 —-CelifNo, 19, 29, 39, 49, 59/
—A e FLAVERL0, 60 FRIVUPAIFE(T1812) 505 1/F
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atent Transiate

Fowersd by EPFO and Goagls

Notice

This transiation is machine-generated. lf cannot be guaranteed that i is intelligible, accurate,

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based o machine-translation output.

CLAIMS JPHO5183160

1.

A source / drain diffusion laver formed on the surface of a silicon subsirate, a source / drain
electrode formed on the source / drain diffusion layer, and a portion between the source ¢ drain
electrode and the source / drain diffusion laver A mixed crystal layer made of silicon and a
predetermined element; and as the predetermined element, the energy level at the valence band
edge of the mixed crystal laver and the Fermi level of the source / drain electrode A
semivondactor device characterized in that an element whose difference is smaller than a
difference between an energy level of a valence band edge of the source / drain diffusion layer
and a Fermi level of the source 7 drain electrode is selected.

U aAVEROERICERI Y —X - PLAVEEEE, 2OV—2 - USRI
BREENIEV—Z «» Flof XEEE, COV—R - FLrrEREaE Y — X %b%“ﬁ&@
&O@k&ﬂhﬁkyﬂnxgmem A LELSEREEEREML TR, WRdEOR
HEFOEE THRO L IOLF - L §EY — R « R YERO 7 2V IR
t@ﬁ#.* 2V —A « FLACEEBOEE ROV ety — X - R oA >
BEO7 b IR OBRO DI {ELAREBAL T LR L3 2 P8 4EE.

2.

Forming a source ¢ drain diffusion layer on the surface of a silicon substrate: forming a mixed
crystal layer consisting of silicon and a predetermined element on the source /7 drain diffusion
fayer using a CVD method; and the mixed crystal layer And forming a source / drain electrode
thereon, wherein, as the predetermined element, the difference between the energy level at the
valenice band edge of the mixed crystal layer and the Fermi level of the source / drain electrode is
A method of manufacturing a semiconductor device, comprising selecting an element smaller
than the difference between the energy level af the valence band edge of the source / drain
diffusion laver and the Fermi level of the source / drain electrode.
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Abstract of JPHOTIGHE58 (A}

PURPOSE To enable & shallow junction of a socurce and & drain region having iow
diffusion layer resistance and low contact resistances o be increased in controllability.
CONSTITUTION: Germanium iayers or silicon-germanium layers are selectively formed
on the surface of a P-type silicon subsirate sandwiching a gate elecirode 3 betweean
tham through a ssiective chemical vapor growth method, and then N-type impurily ions
are implaniad {o form a source region 10 and a drain region 10,

https://worldwide.espacenet.com/publicationDetails/biblio?’ DB=EPODOC&II=0&ND=3&a... 8/2/2019
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Fatent Transiate

Fowersd by EPFO and Goagls

Notice

This transiation is machine-generated. lf cannot be guaranteed that i is intelligible, accurate,

complete, rellable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based o machine-translation output.

DESCRIPTION JPHO7169958

{0001]

The present invention relaies to a semiconductor device and a method of manufacturing the
same, and more particulacly to an insulated gate field effect transistor (hereinafter referred to as
a MOSFET) and a methoed of manufacturing the same.

(3 EooRHE] AR PEARERE X T2 O0RE ﬁ%‘i&a—fﬁb D, RO — FEREY
RESPFA& (LR, MOSFETERY) BIAUZOREHRICETS.

{D00Z]

2. Bescription of the Related Art When germanium is used as the source and drain of a MOSFET,
a stable low resistance source and drain can be obtained since the resistivity of germanium is
about one half of that of silicon. In addition, since the band gap of germanium is smaller than
that of silicon, the Schottky barrier is also small, so that the source / drain contact has a low
resistance.

[EEnEW] MOSFETOV—A, FLAVEYIVTo LERNS 2, FPATTLOE
FRHGYAVONT 2 THEINEEELE Eﬁﬁmvw& Flgyiionsd, Fh ¥
W Aoy Ry » P ar I hEnishyay bE-RUF I, Lishis
TV—RA, RlAroaryay MR &R B,

{0003}
The prior art disclosed in Japanese Patent Application Laid-Open No. 863-13379 using
germanium for the source and drain of the MOSFET will be described.

MOSFETEHY—A, FLAVRTSAT 2 LERNREIE6 3 — 1337 980 IR
02-08-2019 1
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ENTVBICEEHERINT 3.

{0004}
This prior art becomes the MOSFET of FIG. 5 {d} through the steps of FIGS, § {&) -5 ().

TOPEREEHIERS (a) M5 {(¢) OTEESTHS (d) DMOSFETERS,

{00051

First, as shown in FIG. 5A, the gate electrode 3 of polycrystalline silicon is formed on the flat
surface 21 of the p-type silicon substrate 1 via the gate oxide film 2, and silicon oxide is formed
on the gate electrode 3. The film 4 is formed, and the side wall 5 of the silicon oxide film is
formed on the side surface of the gate electrode 3.

FFES (a) WRTEDIC, pBY Y IVER I OPHAESE 2 | Loy~ rEiz 5 L
T%%%v03y@¥w‘ﬁﬁsiﬁﬁbﬁ7*%%@kﬁiﬁm zuﬂx@&$4i
RN OMEICE Y I BHROBR s BERT 2,

Next, as shown in FIG. 5 (b}, the silicon subsirate in the source and drain formation regions is
etched to form a recess 22, and then, as shown in FIG. 5 {¢}, the n-type germanium layer 16 is
The layer 16 iIs grown by the growth method to form the source and drain 16.

KICES (B WWrnd ik, V—ABLU R vERERo I avEiRex yF 50T
MR 2 2B ERB,. 5 (o) WRTESIE, nBr oY LB 6 B BRRMEBEERERK
FOREITE, OB 18 KEDV—RABIUFRLAY 8 BERT S,

Further, as shown in FIG. 8D, afler covering the surface with the interlayer insulating film 11 and
opening the contact holes 12, the aluminum wiring 13 is connected to the source and drain 16
contposed of the n-type germanium laver to form the MOSFET Complete. Here, the reason why
the source and drain are made of germanium instead of silicon is to lower the diffusion layer
resistance by utilizing the difference in resistivity as described ahove, and to lower the contact
resistance by utilizing the difference in band gap.

WICE S (d) WORT XK, XEAEEREE 1 1 T8y, oa o bl 2L URR.
FRAIZTLER 3BT LB OBV —ABIURLI VI s IIERELT
HD\FETﬁ“&&f STV . %b%x%wﬂﬁzfﬁﬁxﬁw " A E S TE
RUEOR, ERUEL S ICHEHRROERZRH L THEEEREZ T, N2 v v TOREH

HUTIry&y FBETTREDTES,

02-08-2018 2
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{0006}

In this conventional MOSFET, since the germanium layer is grown after etching the silicon
substrate to form the source and drain regions, it is difficult to control the etching end point.
There is a problen that the junciion depth of the drain region tends to vary. In addition, in then-
channel MOSFET, the n-type germanium layer must be grown by selective chemical vapor
deposition to form the source and drain regions, so that a CMOS in which the n-channel MOSFET
and the p-channel MOSFET are mixed on the same chip There is a problem that if is notf suitable
as a manufacturing method.

R L XS T3 8Y] COMROMOSFET TR, V—2BXU R Y EfEE

REBHic Y arBREryF o7 URE, YA LEEREIEL RS, 2yF
BT HOBESEETE, V-RABRUT RLA CEHOBSOBREIHNELDERNE WS HE
H&HED, FhaFyRAMOSFETRBOTR a8 LYo LBERRESHRERC K
HREIW TV —ABXU R LA VEEFER U AT R0, H—F v 7 EinFy
FAMOSFETE pF v 3UMOSFETHEETSCMOSOBEAEE L TREBIRNVWE
WHREAND B,

{0007}

SUMMARY OF THE INVENTION A feature of the present invention is a first surface area as well
as second and third surface areas spaced apart from the first surface area and flat with the first
surface area. A silicon substrate having a surface region of the first conductive region, a gate
electrade formed on the first surface region of the first conductivity type with a gate insulating
film interposed therebetween, and an insulating film on the side, and the second and third
surface regions. In the semivonductor device, the source and drain regions of the second
conductivity type of the semiconductor layver made of germanium or germanium and liquid
crystal of silicon formed respectively are formed. A metal wire such as an aluminum wire is
cormeried to the upper surface of the semiconductor layer. Here, the semiconductor layer is
formed of a stack of germanium or a mixed crystal of germanium and silicon different in
composition ratio, and the composition ratio of germanium can be made higher in the upper
laver than in the lower layer. Alternatively, the semiconductor laver is made of a mixed crystal of
germanium and silicon i which the composition ratio changes, and the composition ratlo of
germanium can be made higher in the upper pari than in the lower part. Further, a silicon layer
of a second conductivity type is formed on each of the second and third surface regions of the
silicon substrate under the semiconductor fayer, and each of the source and drain regions is
composed of the silicon layer and the semiconductor layer. It can be done.

(REEMR T BT DT ARHORME, § | OFREREG D IS | ORETIRER
KEEATHELPDOEE | ORENRE THAP . BLUE I ORERREATE U S

o

02-08-2018 3
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WE, SEENONES | ofmEE oS - MEREBEN L UER I AmICEREESY
25— MERE, 92 BRUB I oRE R LCFNFRER S Ly LE RS
I LESY VOGP ORI PEREOR TEENO VA B RU R L R LB
AAYEEEECRS, COPEKEBO PEICR 7 VI ARBSOSREES SIS,
T, B ARAHREORES AT I AT R LE VU OOEHB O
BroRb, TERIVE FBOANP VT LOEKEES T3 LATEL, HIENIE,
BRI SET 3T T ALY U OEBM SR, T & BN
BT LOMHBREEE T2 LA TES,. £, PSR TosE > U o BlRo
B 2 BAUE I OERERICFNFTRE SOV Oy BNERI . fiv—AB&
U RLAEBOZENETNEE Y VB EadP SRR I DEBRENS C &V T0E 5,

{D008]

Another feature of the present invention is that the semiconductor faver is formed on the second
and third surface regions by selective chemical vapor deposition, and then the second
conductivity tvpe impurity is ion implanied. A method of manufacturing a semiconducior device
is to obtain the semiconductor device by forming the source and drain regions of a conductive
type.

FRIHOMORHEE, W08 2 B U 3 O EE MO s BN SRR
ZOEBRL, LHak, SIEENORMEY /A VAT R b EESYoEEYY —
ABIU R VEEEERT S C LT EOPERERZB PR EBoEE AP 5.

{0009}

The present invention will now be described with reference to the drawings.

D] RICABRIC W THR 2B L THNT 3,

{0010}
FIG. 1 is a plan view (a) showing a MOSFET according to a first embodiment of the present
invention and a cross-sectional view (b} of a B-B 'portion of (a).

B AR OE L OREMOMO ST ETERTTERK (a) BXU (a) OB—B' HoO
X (bl THB,

In the plan view (a}, the interlayer insulating film is omitted.

ZEFEN (a) KW TEEERBUIRREERLUTDHE.
02-08-2018 4
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{0011}
The first and second surface regions 31 and 31 are iterposed between the flat main surface 21
of the p-ivpe silicon substrate 1 and the first and second surface regions 31 and 32 are flat and

flat, It has surface areg 32,33,

pEY U o ER L 0¥ iﬁ@alaﬁlwiﬁmm 1 o | ORERES 1 EBH-IC
ifﬁ”ﬁ%bﬁﬂﬁimf?ﬂﬁdztﬁm&% BRUE3OREEHI 2, 33BFLT
VA

The gate elecirode 3 is formed on the p-type first surface region 31 via the gate oxide film 2, the
upper surface of the gate electrode 3 is covered with the silicon oxide film 4, and the side wall is
covered with the silicon oxide film §. Source and drain regions 10 together with silicon lavers 6
and & formed on the second and third surface regions below the n-type germania layers 7, 7
respectively formed on the second and third surface regions 32, 33, 10 are configured. The
aluminum wires 13 are connected to the n-type germanium lavers 7 as source and drain
electrode wires through the contact holes 12 formed in the interlayer insulating filkm 11,

PO | OREHEEI 1 B - PR 2 AL TY - FERIAABRI N, ¥ MEE
‘Ofm%;vnzﬁﬁﬁ4®mﬁhJﬁ%°vn/wm%aﬁmﬁbfm@ H2BIUH
AOMEEEI 2, 33 FHEFNFAESASTZAET, THERIhFOTROE 2 BLTE
3OFREBIOERE NI I§E, b&&bﬁ?“Aﬁ&wFUJJ%MiO 1 OFRS
BRLTNS, FLTSHBSE TKBRENEZaVASY P e BBLTTAI Y LEW
[ SN — AR B LU R L0 8RR L‘C n PTG LET, TILERE

, 1
T35,

r*%fw

{0012}

Next, the manufacturing method of the first embodiment will be described with reference to FIG.

R 2 BT 1 OFRRORENEZRIT S,

{0013}

First, as shown in FIG. 2A, polyorystalline silicon having a thickness of 200 nm is formed on the
first surface region 31 of the flat surface 21 of the p-iype silicon substraie 1 through the gate
oxide film 2 having a thickness of 5 to 10 nm. The gate electrode 3 is formed, the silicon oxide
filin 4 having a thickness of 530 nm is formed on the gate electrode 3, and the side wall 5 of the
silicon oxide film having a width of 50 to 100 nm is formed on the side surface of the gate
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electrode 3.

9, M2 (a) R X3, pBYUaERIOPHEEET2 | OF 1 OEESES 1K
HEXS5~1 0nmO¥—rBER2ETLTEI 200 nmdSERS I vy — 88 E
FRL, Y- PEROMNICEEZS 0 nmo> oyt 4%, F—rEEIOHEEICKE
WS O0~1 00 nmDY Y aVEBORE S ZERT S,

{0014}

Nexi, as shown in FIG. 2 (b}, the 50 to 100 nm thick non-doped germaniom laver 14 is selected
on the second and third surface regions 32, 33 of the silicon subsirate {o be the source and drain
forming reglons. Grow by phase growth method.

VABXURLAVEREREES VU IVEROE 2 BT
KEXL0~100nmO /Yy R—TFOrilsow A8 1 4 58R
3.

ZiclEz (b f«ifﬁ“é“ pl
BIOFWERK S 2, 33H
R RHIRESARIC KD ﬁif e

C

{0015}
Next, as shown i1 FIG. 20, n-type impurities are fon-implanted to forin a source and drain 10
comprising n-type silicon layers 6, 6 and n-type germantum lavers 7, 7,

M2 (o) KRT XK, nBTMPE A2 AL Tl arEge, 62l
ZULET, THOHREV—ABXUY Fl/»/f./i OEERT 5.

{0016}

Next, as shown in FIG. 2D, the surface is covered with an interlayer insulating film 11 and the
cortact holes 12 are opened, and then the aluminum wires 13 and 13 are used as ntype
germanium layers 7 of the source and drain 10, 10, Then, the MOSFET shown in FIG. 1 is
completed.

FICE 2 (d) WRT LS, #EFEEEER 1 1 Ty, Jva S L 2&2BFL LR,
FRIZTLER1 3, 1 3&8Y—ABXURLA10, 10OnaPLTILEBT, 7O
h@k%&L\M1LMﬁ%—mMuxFETm”ﬁﬁaa

Although the diffusipn laver resistance and the contact resistance are slightly high, it is alsp
possible to grow a silicon germanium layer instead of the germanium layer 7.

DHEREEERRC DY 25 FEFEORE RS, Py B 7ofRbicyyarysrn
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{0017}

FIG. 3 is a cross-sectional view showing a MOSFET according to a second embodiment of the
present nvention. The difference from the first embodiment is that the source and drain regions
10, 10 are n-type silicon lavers 6, 6 and n-type silicon germanium. The niixed crystal layers 8
and 8 and the n-type germanium layers 7 and 7 stacked thereover.

8 3 EARHOE 2 ORFBWIOMO S FETERIFHNTED, &1 Okl oldEiiixyv
—ABILUFLsEEI O, 1 0By aVEs, snyaryPlvoTdLoiRG
DS, RBIUFOMNCBEBIAE YV ToOLAEBT, THERBREATVWR L2 THAE

o

{0018}

Further, FIG. 4 is a cross-sectional view of a MOSFET showing a third embodiment of the preserst
invention, and the source and drain regions 10 have a composition ratio of germanium in the
upper part than the n-type silicon lavers 6, 6 and the lower part. It is composed of lavers S and §
of mixed crystals of high n-type silicon germanium.

Fim, B4 IR 3 O ?}Uﬁ‘ HTMOSTPFETONEK 55)'3\ V—ABXUT R
EL G, 1 0EaRIIaVES, 6 B FEXDE ENOAM Ty LOEERED S
nWavAF LTI LAOBESOES, 0hERBREN TS,

{0019}

Although it is desirable that the source and drain regions be formed of germaniam in order to
lower the diffusion laver resistance and the confact resistance, when the germanium laver is
directly grown on the surface of the silicon substrate, the lattice constant difference between
silicon and germanium As a result, crystal defects may occur {o deteriorate the characteristics of
the MOSFET.

BRBERRCOV2 7 FEIAEPRTREDHIEYV-REBXUT R LA YERR YV ATE
WENSTENRELWH, —~HTUaVEROFERICTS AT L BERE SRR
LUy EFAT I AOBTEROHEN SERAMESREUMO S F E TOREEREY
SRS S,

Inn order to avold this problem, in the second and third embodiments, a silicon germanium layer
having a latiice constant between silivon and germaniurm is formed as a buffer laver on the
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surface of the silicon substrate to prevent the occurrence of crvstal defects. I is

x

SOMSEERRT SRS, B2, BlaoEERHTRIaYEROEZG RV aVESY Ty
LOPBOBTPEREESTS U VYAT O LABEN 7B LTERL. BRXMROsR
EERHELTNEOTH S,

{0020}

According to the present invention, the MOSFET according to the present invention is formed of
germanium or a mixed crystal of germanium and silicon formed with a predetermined thickness
on the surface of the first conductivity type silicon substrate with the gate electrode interposed
therebetween. Source and drain regions of the second conductivity type including a
seniconductor laver are provided.

DCRHOSHR] EEHOMOSFETH, - MEBRTEIATE ST 0w ) o Bidm
BHEBEDEERE - TERENETAYI D LERET oA L ) Oy DEEH SRR
ENTOAERAEPSSE TETHOV—AB XU M LA »EEEI T3,

{0021]

The semiconductor laver is formed by seleciive chemical vapor depostiion, and the source and
drain regions are formed by ion implantation of impurities of the second conductivily type
thereafter.

Fie PEPRREEETE SRR X - TBlEh, 2ORTE QEROTMMmE- 4
VEATHIELX-T, BV ABIUF LA VEEEREINTHWS,

Therefore, a shallow junction can be formed with good conirollability as compared with the
contventional exarmple, and #t is also sultable as a CMOS manufacturing method

LIl TRORMIIC IR U TRUCEGERHERR BRI Z T LA TE LML OMOSORGE
HEELTEELIEROER- TS,

02-08-2018 8

Page 209 of 348



*atent Translate

Fowersd by EPFO and Goagls

Notice

This transiation is machine-generated. lf cannot be guaranteed that i is intelligible, accurate,

complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

CLAIMS JPHO7169958

1.

A silicon substrate having a first surface area and a first and second surface area spaced apart
from the first surface area and flat with the first and second surface areas; A gate electrode
formed on a first surface region through a gate insulating fim and having an insulating film on
the side surface, and germanium or a mixed crystal of germanium and silicon formed on the
secod and third surface tegions, respectively A semiconductor device comprising: source and
drain regions of a second conductivity type of a semiconductor layer.

F1OEFEEEILTKES | 0ATEEF IR IA TR L oES | OXEEE 2 F ik

FB2BIUEIoEFHBER T IVERE, B SEY 0S| oFmEs Loy —
PMEREENLTERIAMRICESELE L/~ PR i8S 2 B X UE 3 0RmH
FRFRAFNERINETPUTOLERR Ao L E U OVOREH DD BEEEO
FIEBYHOV-ABIUT LA VEBERHEAZ S RN T2 5N,

2.
2. The semiconductor device according to claim 1, wherein the semiconductor layer is formed of
a stack of germaniwm or mixed crysials of germanium and silicon having different composition

ratios, and the upper laver has a higher composition ratio of germanium than the lower laver.

AP EKEIHEEORE RS LT AE RS AT LE Y OVORROBEH SR

H., TELDE EBOART LTI LOJHBIS ST &R L9 A50KE 1 IR0
3.

2. The semiconductor device according to claim 1, wherein the semiconductor laver is made of a
02-08-2018 1
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mixed crystal of germanium and silicon whose composition ratio changes, and the composition
ratio of germantum is higher in the upper part than in the lower part.

FECFS RS TSYToo L e O OEENMORD . THID S LRaX
AT LORBIED SO T LB T S8R IS8 ERERE,

4

A silicon laver of a second conductivity type is formed on each of the second and third surface
regipns of the silicon substrate under the semiconductor laver, and each of the source and drain
regipns is composed of the siticon layer and the semiconductor layer The semiconductor device
according to claim 1 or 2 characterized in that:

FISEEEE TOMEI Y O VEROHES . BRUE 3 0EEEBICF N FhE 8g o
DaVEABRIN., RV —2A8XT RV CEROFAThEES Y VB R i B Eas
EOHEREIN TR LT sk RE 2 & U RS s i idSio S HRss

Q@

5.
The semiconductor device according to claim 1, wherein a metal wiring is connected to an upper
surface of the semiconductor layer.

AR PEAEO HEICEBERSERIN TV R T L 2B &9 2530RE  ICadSo R4
6.

The semiconductor layer is formed on the second and third surface regions by a selective
chemical vapor deposition method, and then the second conductivity type source and drain
regions are formed by ion implantation of impurities of the second conductivity type. A method
of manufacturing a semiconductor device according to any one of claims 1 to §, wherein:

giRcH 2 BX U 3 OFKEBE MO AREERICP IR XD ERL, Lrsi
ETGEROTM R A YEATE I LIC XD B IREROEY - A B XU F LA R
FRNT S ERRNEE § HRE N TERE 5 I h IS S0 PR EEE ORGE T .
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slation.pdf
faecade128af3b6c97ec27f38a14c2707620
4a50
Warnings:
Information:
13038274
3 Foreign Reference JPHO51 8316Q_W_Eng[|5h_tran5 no 37
lation.pdf
6498e4dad85497a85db3ee2164e3707c8b
187bas
Warnings:
Information:
5211473
4 Foreign Reference JPHO71 6995§_w_EngI|sh_trans no 17
lation.pdf
e5f34746b12a02201e96e4b95d1cfobf35ael
Warnings:
Information:
337460
5 Non Patent Literature P38507CN_Grant_w_EngI|sh_tr no 4
anslation_02_26_16.pdf
ec50253aef7030d33b3d1165758a12e0b33]
c5d20
Warnings:
Information:
536678
P38507CN_OA1_no_translatio
. - —no_ no 6
6 Non Patent Literature n_05_05_15.pdf
f25838a77eb07e9af79e27c¢35f83cc078b91
Warnings:
Information:
229650
7 Non Patent Literature P38507CN_OA2_no_translatio no 3
n_10_20_15.pdf
60d9e29da3d9286755c2d70ebal9e02b45
3cl46c
Warnings:
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Information:

575789
P38507CN-
8 Non Patent Literature D_OA1_no_translation_05_04_| no
18. pdf 088571743b837219d61061460eef265a048
Warnings:
Information:
525337
P38507CN-
9 Non Patent Literature D_OA2_no_Translation_12_03 no
18_pdf de44283¢8092d7f84e4c5h98c7FcA4ch6f6)
- 5e19
Warnings:
Information:
476509
P38507CN-
10 Non Patent Literature D_OA3_no_translation_04_10_| no
1 9.pdf f3dcfa72b7e5d91ee8ab5593059dc625320f
Warnings:
Information:
517378
1 Non Patent Literature P38507JP_NOA_no_translation no
_02_10_15.pdf
34f506687832208cc52783889d34fe99bab
ecf26
Warnings:
Information:
603063
12 Non Patent Literature P38507KR_NOA_no_translatio no
n_11_13_14.pdf
4d9ec6000de670f5ec83bb50586182e9a02
32fb1
Warnings:
Information:
Total Files Size (in bytes){ 42023169
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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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4 appicaton o, | 16/418 445 )
INFORMATION DISCLOSURE FingDate | May 20, 3018
STATEMENT BY APPLICANT swstiventor | Glonn A, GLASS ot al
Attin | 2838
Mot for subnvission under 37 CFR 180 Exarainer Mame | MNAA
\ Attoroey Docket No. | PRBSOTLISCI-CH
e

AN

DUTY OF DISCLOSURE STATEMENT
i accorstance with the duly of discloswre, enclised i & copy of an Information Discloswre Statement (DS} Citalion Form
PTQ/SBIOR or PTG-1448, together with copies of the documents cited on that form, except for copies not required to be
submitied {e.q.. coples of U.S. palents and U.S. published patent applications need not be enclosed). This IDS and IDS
Citation Form arz being sulwnitied befare the mailing of the first Office Action on the merits. it ix raspenifully requested that
the cited references be considered and that the enclosed copy of PTO/SE/DS be initialed by the Examiner {o indicate such
consideration and a nopy thereof raturned o applicani{s).

Fursuant to 37 OFR § L88{dX1) coples of the references ware provided in prior applications 13/880,224 filed Seplember 30,
2011, 145873 143 flad March 30, 2015, 15/338,308 filed Colobar 31, 20118 which arg relied on for prionity.

it is respectiully renusstad that the sxaminer considher information which has beery previously submitted 1o the Patent Gifica
in the parent application and any prior related applications.

The submission of this fnformationy Discloswre Statement is not to be nonsirued as a rapresantation that a search has bean

made in the subject application and is not o be constued as an admission that the ihformation cofled in this

stateniant is material o patentability,
CERTIFICATION STATEMENT ‘

Pleass see 37 CFR 1.87 and 1.88 o make the appropriate selection{s):

N

D That each itern of information contained in the information disclosure statement was first cited in any conmunication
from a fuveign patent office iy a counterpant foreign application nol mora than thrae months prior to the fing of the
information disclosure siatement. See 37 CFR 1.87{ei{1L

OR
B That no item of infuemation contained in the informatinn sliscloswre statement was cited in & communication from a forelgn
pabent office in & counterpart foreign application, and, lo the knowiadge of tha person signing the cartification after making

regsonable inguiry, no Bam of information contained in the information disclosure statement was known 1o any individual

designated in 37 CFKR 1.58{c) more than thres months prior 1o the filing of the information disclosure statement. See 37
CFR 1.87(e)2)

OR
Mone

{:I The DS Filing Fee in the amount of $240.00 as set forth in 37 CFR 1.17{p) has baan submitted herewith.
O uis requastad that any reguisite fees be debited from Depuasit Accourst 58-0353.

SIGNATURE
A sigraturs of the applicant o represantative is required in svcardancs with CFR 1.33, 10,18, Please see DFR 1.4{d} for the
form of signature.

Signature | fJustin K. Brask/ Date (MM-DD-YYYY) | 08-02-2018
MameiPrint | Justin K. Brask

Registration Numbser | 81080
{ herely cortify thad s coreapongance iy baing submitted sectronivally wa EFS Wab on ihe datg ahown below.

Sheri Villarreal [ 8feqi Vilfoovvead]

_Date 08-02-2019
R SRR o0 a0 AGEUE 438 75 PRGN 2 SRR Ty e PR R 25 15 Joves 5y 3 wera oY 5 eEimRl ARSI
VL TINR R 130 ARRAIENY U ME 30 SEQUTE {7 s 3N 2 s 5N ) . Y. BN 1 S SRR NI
et o SIRRERE, PO, 2oz TR, ama, v 2vs-iase DO NOT 8EMOT | RS T THIG ADDRESS. SEND Tk Conwidssionss for Patants, PO Bax

v
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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. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1 5347
31817 7590 09/30/2019 | EXAMINER |
SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600 ERDEM, FAZLI
Portland, OR 97204
| ART UNIT | PAPER NUMBER |
2826
| NOTIFICATION DATE | DELIVERY MODE |
09/30/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPDocketing@SCHWABE.com
intelparalegal @ schwabe.com

PTOL-90A (Rev. 04/07)

Page 223 of 348



Application No. Applicant(s)

16/416,445 GLASS et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
FAZLI ERDEM 2826 No

-- The MAILING DATE of this communication appears on the cover sheef with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 7/31/2019.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a){J This action is FINAL. 2b) ¥ This action is non-final.

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

4)(J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5) Claim(s) 10-29 is/are pending in the application.

5a) Of the above claim(s) ______is/are withdrawn from consideration.

6) (0 Claim(s) __is/are allowed.

7) Claim(s) 10-29 is/are rejected.

8) (] Claim(s) _____is/are objected to.

9) O Claim(s) _____are subject to restriction and/or election requirement
* If any claims have been determined allowable, 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.

Application Papers
10)(7) The specification is objected to by the Examiner.
11)¥ The drawing(s) filed on 5/20/2019 is/are: a)l¥) accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)}(]) Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  ¢)(J None of the:
1.(J Certified copies of the priority documents have been received.
2.) Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) .
. 4) [ Other: )
Paper No(s)/Mail Date 8/2/2019.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20190925
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Application/Control Number: 16/416,445 Page 2
Art Unit: 2826

DETAILED ACTION
Notice of Pre-AlIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.
Claim Rejections - 35 USC § 112

2. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description ofthe
invention, and of the mannerand process of making and using it,in such full, clear, concise,
and exact terms as to enable anyperson skilledin the art to which it pertains, orwithwhich it
is mostnearlyconnected,to make and use the same, and shall setforth the bestmode
contemplated bythe inventor or jointinventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AlA 35 U.S.C. 112:

The specificationshall contain a written description of the invention, and of the
manner and process of making and using it,in such full, clear, concise,and exactterms as to
enable anyperson skilled inthe art to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall setforth the bestmode contemplated bythe
inventor of carrying out his invention.

3. Claims 10-29 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlA),
first paragraph, as failing to comply with the written description requirement. The
claim(s) contains subject matter which was not described in the specification in such a
way as to reasonably convey to one skilled in the relevant art that the inventor or a joint
inventor, or for pre-AlA the inventor(s), at the time the application was filed, had
possession of the claimed invention.

4, Examiner does not consider the limitation “drain region comprising two or more
facets” or “source region comprising two or more facets” as claimed in independent
claims 10, 15 and 20, to not have enough description disclosure in specification and

drawings as originally filed.
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Application/Control Number: 16/416,445 Page 3
Art Unit: 2826

5. The closest place in specification that refers to “facet” is paragraph 0029 and it is
with respect to Fig. 6. Examiner does not understand where the “facets” are located with
respect to the source/drain regions.

6. Paragraph 0045 also mentions “recessed source interface 650" which might be
related to “facets”

7. Examiner is requesting explanation of where the facets are located in the
specification and in Fig. 6

8. Examiner is readily available for an interview for further clarification.

9. Examiner is recommending inclusion trigate structure as mentioned
paragraphs 0043, 0044 and 0046 with respect to Fig 6, for allowable subject
matter. Should the applicant decide to include this trigate limitation, applicant is
urged to review commonly owned Glass etal. (9,349,810)’s claim section (claim

14, tri-gate structure) to not to cause an interference issue.

Examiner is making following pertinent prior art references record.

Glass et al. (9,349,810) (Claim 14, Fig. 6)

Adam et al. (2009/0302348) (faceted/recessed/undercut fin/channel area
under gate as shown in Figs. 6, 11 and 12)

Currie et al. (2003/0057416) (boron/germanium concentration gradient, Fig.
2)

Chu et al. (2009/0206307) (germanide contacts, Figs 1K, 1L)

Yasutake (2007/0187767) (germanide contacts Figs. 1, 9 and 10)

Sugiyama et al. (6,607,948) (contact resistance lowering configuration
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Application/Control Number: 16/416,445 Page 4
Art Unit: 2826

Sell et al. (2008/0242037) (source/drain region
extensions/facets/recess/undercut, as shown in Figs. 1C, 3F and 3I)
Orlowski (2006/0237746)(germanium source/drain regions, see Fig. 2)
Conclusion
10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to FAZLI ERDEM whose telephone number is (571)272-
1914. The examiner can normally be reached on M-F, 8am-5pm.

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, Davienne Monbleau can be reached on 571-272-1945. 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
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Application/Control Number: 16/416,445 Page 5
Art Unit: 2826

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/FAZLI ERDEM/
Primary Examiner, Art Unit 2826
9/25/2019
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Notice of Referernces Cited

Application/Control No. Applicant(s)/Patent Under
16/416,445 Reexamination
GLASS et al.
Examiner Art Unit
FAZLI ERDEM 2826 Page 1 of 1

U.S. PATENT DOCUMENTS

Countr oo code | MV avYY Name CPC Classification US Classification

A | US-20080242037-A1 10-2008 Sell; Bernhard HO01L21/30608 438/299
B | US-6607948-B1 08-2003 Sugiyama; Naoharu HO1L21/02381 438/151
C | US-20070187767-A1 08-2007 Yasutake; Nobuaki HO01L21/28518 257/368
D | US-20090206370-A1 08-2009 CHU; JACK O. HO1L29/45 257/197
E | US-20030057416-A1 03-2003 Currie, Matthew HO1L29/105 257/19
F ] US-20090302348-A1 12-2009 Adam; Thomas N. HO1L21/26513 257/190
G | US-9349810-B2 05-2016 Glass; Glenn A. HO1L29/165 11

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS
COumIrDyOg:gg?ﬁjnt‘biTEi::j Code MIVID» e\l(tszY Country Name CPC Classification

N

O

P

Q

R

S

T

NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

u

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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GLASS et al.

Examiner

FAZLI ERDEM
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2826
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DATE
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Original | 09/25/2019
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noftes 16/416,445 GLASS et al.
H“m ““‘ ““HH H H‘ ‘l“ o s
FAZLI ERDEM 2826
CPC - Searched*
Symbol Date Examiner
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
Inventors are searched 9/25/2019 FE
Assignee is searched 9/25/2019 FE
Searched H01L29/45 limited with text 9/25/2019 FE

EAST Search History is attached 9/25/2019 FE
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

U.S. Patent and Trademark Office
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {iHits Search Query \DBs Default {Plurals {iTime
# Operator Stamp
L1 {70 finfet same germanide same contact {US-PGPUB; {{OR ON 2019/09/25
HUSPAT; 12:09
JUSOCR,;
§FPRS;
{EPO; JPO;
IDERWENT;
{IBM_TDB
L2 53 finfet same germanide same contact US-PGPUB; {{OR ON 2019/09/25
near2 (source or drain) YUSPAT; 12:10
YUSOCR;
\FPRS;
EEPO; JPO;
UDERWENT;
{IBM_TDB
L3 22 finfet same germanide same contact US-PGPUB; {jOR ON 2019/09/25
near2 (source or drain) same contact HUSPAT; 12:10
near2 resistance YUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB
L4 9 finfet same germanide same contact US-PGPUB; {{OR ON 2019/09/25
near2 (source or drain) same contact USPAT; 12:11
near?2 resistance and (germanium or §USOCR;
ge).clm. UFPRS;
{EPO; JPO;
\DERWENT;
{IBM_TDB
L5 0 finfet same germanide same contact US-PGPUB; {OR ON 2019/09/25
near2 (source or drain) same contact USPAT; 12:11
near?2 resistance and (germanium or §USOCR;
ge).clm. and fin.cim. \FPRS;
EPO; JPO;
\DERWENT;
{IBM_TDB
L6 22 finfet and germanide same contact near2§ US-PGPUB; {{OR ON 2019/09/25
(source or drain) same contact near2 §USPAT; 12:12
resistance and (germanium or ge).cim.  §USOCR,;
and fin.cim. \FPRS;
\EPO; JPO;
\DERWENT;
\{IBM_TDB
L7 43 finfet and germanide same contact near2 §US-PGPUB; {OR ON 2019/09/25
(source or drain) same contact near2 EUSPAT; 12:12
resistance and (germanium or ge).clm. §USOCR;
and fin.clm. and (titanium or ti).clm. §FPRS;
YEPO; JPO;
DERWENT;
L8 37 (finfet or fin).cIm. and (germanide same %US-PGPUB; OR ON 2019/09/25

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 1:00:36 PM]
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boron same germanium) §USPAT; 12:15
HUSOCR;
\FPRS;
{EPO; JPO;
UDERWENT;
IBM_TDB
L9 i35 (finfet or fin).clm. and (germanide same {US-PGPUB;{OR ON 2019/09/25
boron same germanium same source YUSPAT; 12:15
same drain) USOCR;
FPRS;
UEPO; JPQ;
ADERWENT;
{IBM_TDB
L10 {18 (fin).cim. and (germanide same boron  {jUS-PGPUB; JOR ON 2019/09/25
same germanium same source same HUSPAT; 12:16
drain) EUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB
L11 {14 (fin).clm. and (germanide same boron EUS-PGPUB; OR ON 2019/09/25
same germanium same source same MUSPAT; 12:17
drain same contact near resistance) EUSOCR;
\IFPRS;
EPO; JPO;
IDERWENT;
§IBM_TDB
L12 {0 (fin same finfet same facet) and HUS-PGPUB; {IOR ON 2019/09/25
(germanide same boron same HUSPAT; 12:18
germanium same source same drain {USOCR;
same contact near resistance) \FPRS;
\EPO; JPO;
UDERWENT;
IBM_TDB
L13 {18 (fin same finfet same facet same contact JUS-PGPUB; {OR ON 2019/09/25
near resistance) USPAT; 12:19
HUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB
L14 {0 (fin same finfet same facet same contact EUS-PGPUB; OR ON 2019/09/25
near resistance) and (germanide or §USPAT; 12:20
((germanium or ge) near10 (ti or HUSOCR;
titaniumy))) \iFPRS;
{EPO; JPO;
\IDERWENT;
{IBM_TDB
L15 {13 (fin same finfet same facet and contact EUS—PGPUB; OR ON 2019/09/25
near resistance) and (germanide or EUSPAT; 12:20
((germanium or ge) near10 (ti or USOCR;
titanium))) \FPRS;
MEPO; JPO;
\IDERWENT;
{IBM_TDB
L16 301 (fin same finfet and contact near EUS—PGPUB; OR ON 2019/09/25
resistance) and (germanide or §USPAT; 12:29
((germanium or ge) near10 (ti or JUSOCR,;
titanium))) \FPRS;
\EPO; JPO;
\DERWENT;

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 1:00:36 PM]




EAST Search History

20130248999-$ or US-20140001520-$ or FPRS; JPO;
US-20170047419-$ or US-20130240989- {DERWENT
$ or US-20150060945-$ or US-
20150333180-$ or US-20160322359-$ or
US-20070187767-$ or US-20160190233-
$ or US-20130277752-$ or US-
20090224369-$ or US-20150311204-$ or
US-20160118384-$ or US-20160372547-
$ or US-20100244154-$ or US-
20130034931-$ or US-20090194846-$ or
US-20020042197-$ or US-20030057416-
$ or US-20040266116-$ or US-
20040262594-$ or US-20080242037-$ or
US-20150372142-%).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-
$ or US-20080197412-$ or US-
20170077244-$ or US-20090206370-$ or
US-20160358826-$ or US-20060156080-
$ or US-20170117277-$ or US-
20080135878-$ or US-20080124878-$ or
US-20130207166-$ or US-20160104673-
$ or US-20170221724-$ or US-
20090224256-$ or US-20130264639-$ or
US-20090189189-$ or US-20160336446-
$ or US-20050130454-$ or US-
20070262296-$ or US-20140159159-$ or
US-20130187171-$ or US-20170352597-
$ or US-20080217658-$ or US-
20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-

{iBM_TDB :
L17 {207 (fin same finfet and contact near §US—PGPUB; OR ON 2019/09/25
resistance) and contact same (germanide§ USPAT; 12:29
or ((germanium or ge) near10 (ti or HUSOCR;
titanium))) 4FPRS;
MEPO; JPO;
\DERWENT;
{iBM_TDB
L18 {100 (fin same finfet and contact near EUS—PGPUB; OR ON 2019/09/25
resistance) and contact same (germanide§ USPAT; 12:30
or ((germanium or ge) near10 (ti or JUSOCR;
titanium))) and contact.ab. and §FPRS;
contact.clm. EPO; JPO;
UDERWENT;
{IBM_TDB
L19 90 (fin same finfet and contact near §US—PGPUB; OR ON 2019/09/25
resistance) and contact same (germanide§ USPAT; 12:30
or ((germanium or ge) near10 (ti or JUSOCR,;
titanium))) and contact.ab. and \FPRS;
contact.clm. and (ge or germanium or EPO JPO;
germanide).cim. \DERWENT;
{IBM_TDB
L20 38 (fin same finfet and contact near {US-PGPUB; {{OR ON 2019/09/25
resistance) and contact same (germanide jUSPAT; 12:31
or ((germanium or ge) near10 (ti or §USOCR;
titanium))) and contact.ab. and §FPRS;
contact.clm. and (ge or germanium or  {EPO; JPO;
germanide).clm. and fin.cim. §DERWENT;
\IBM_TDB
L35 305 (US-20120153387-$ or US-20170012124-JUS-PGPUB; {OR ON 2019/09/25
$ or US-20150206942-$ or US- EUSPAT; 12:32
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20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-
$ or US-20080119025-$ or US-
20120119268-$ or US-20170373147-$ or
US-20160111537-$ or US-20160211338-
$ or US-20090090934-$ or US-
20150008490-$ or US-20160064563-$ or
US-20160020305-$ or US-20130154016-
$ or US-20150236016-$ or US-
20140264492-$ or US-20180190653-$ or
US-20160254383-$ or US-20160240681-
$ or US-20160240534-$ or US-
20160155668-$ or US-20160148936-$ or
US-20160087063-$ or US-20160087062-
$ or US-20160086946-$ or US-
20160056290-%).did. or (US-
20150380558-$ or US-20150318354-$ or
US-20140363943-$ or US-20150295084-
$ or US-20150279840-$ or US-
20150069473-$ or US-20140306290-$ or
US-20140103429-$ or US-20130313524-
$ or US-20130270652-$ or US-
20130241004-$ or US-20130200454-$ or
US-20120068273-$ or US-20100148217-
$ or US-20120001197-$ or US-
20110089493-$ or US-20110062443-$ or
US-20100078728-$ or US-20040063286-
$ or US-20070196973-% or US-
20050266645-$ or US-20050116218-$ or
US-20050045965-$ or US-20040198003-
$ or US-20180174913-$ or US-
20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$ or US-20180076203-$ or
US-20180068904-$ or US-20170194434-
$ or US-20170186748-$ or US-
20170179301-$ or US-20170154990-$ or
US-20170141235-$ or US-20170141199-
$ or US-20170117291-$ or US-
20170104101-$ or US-20170053918-$ or
US-20160380056-$ or US-20160359022-
$ or US-20160358940-$ or US-
20150295089-$ or US-20160322473-$ or
US-20180053763-$ or US-20180047824-
$ or US-20180005904-$ or US-
20170243868-$ or US-20170005173-$ or
US-20150129891-$ or US-20170229342-
$ or US-20130285155-$ or US-
20090142899-$).did. or (US-
20080242012-$ or US-20080035911-$ or
US-20180076326-$ or US-20160087078-
$ or US-20160005825-$ or US-
20140167164-$ or US-20080265417-$ or
US-20080116532-$ or US-20080029836-
$ or US-20160027918-$ or US-
20160293717-$ or US-20090273034-$ or
US-20170352759-$ or US-20030006484-
$ or US-20040251473-$ or US-
20070122954-$ or US-20030124761-$ or
US-20120161249-$ or US-20080311710-
$ or US-20070164388-$ or US-
20050237602-$ or US-20190259861-$ or
US-20180315647-$ or US-20180315618-
$ or US-20190035916-$ or US-
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20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-% or US-20120037998-
$ or US-20110147828-$ or US-
20100109044-$ or US-20070275548-$ or
US-20140231914-% or US-20110183486-
$ or US-20110068407-$ or US-
20100197092-$ or US-20100123198-$ or
US-20090302348-$ or US-20090075029-
$ or US-20080230805-$ or US-
20080179752-$ or US-20080054347-$ or
US-20070235802-$ or US-20070075378-
$ or US-20070053381-$ or US-
20070004123-$ or US-20060289856-$ or
US-20060255330-$ or US-20060237746-
$ or US-20060199622-$ or US-
20060172511-%).did. or (US-
20060148151-$% or US-20060138398-$ or
US-20060065914-$ or US-20060060859-
$ or US-20050184354-$ or US-
20050145944-% or US-20020197806-$ or
US-20180068857-% or US-20180083114-
$ or US-20190259756-$ or US-
20190259755-$ or US-20190067280-$ or
US-20130189839-$ or US-20190109234-
$ or US-20150035017-$ or US-
20140162442-$ or US-20190097012-$ or
US-20180033882-% or US-20150069531-
$ or US-20110193141-$).did. or (US-
9484432-% or US-8994104-$ or US-
8901537-$ or US-9117791-$ or US-
9349810-$ or US-9059024-$ or US-
9224735-% or US-9437691-$ or US-
7880228-$ or US-5144410-$ or US-
7732285-$ or US-5296387-$% or US-
9397214-$ or US-9627384-$ or US-
9722023-$ or US-9449885-$ or US-
5656859-$ or US-7821044-$ or US-
8575652-$ or US-9859424-$ or US-
5516724-% or US-9768077-$ or US-
5214298-% or US-4611388-$ or US-
7238580-$ or US-8299455-$).did. or (US-
9679961-$ or US-9966440-$ or US-
9553031-% or US-9978868-$ or US-
9966471-% or US-9905646-$ or US-
9825036-$ or US-9793400-$ or US-
9711417-$ or US-9698060-$ or US-
9391171-% or US-9379108-$ or US-
9209261-% or US-9917060-$ or US-
9484255-$ or US-5710450-$ or US-
6239029-$ or US-9754940-$ or US-
9722082-% or US-5644166-$ or US-
6828602-$ or US-6939772-$ or US-
10276400-$ or US-5725573-$ or US-
10304927-$ or US-10297670-$ or US-
7491643-9%).did. or (US-6887762-$ or US-
7682887-$ or US-7678631-$ or US-
7663192-$ or US-9837357-$ or US-
9059316-$ or US-9059096-$ or US-
10236217-$ or US-9934977-$ or US-
10056379-$ or US-10170308-$ or US-
6653700-$ or US-10269646-$ or US-
9214556-%).did. or (KR-20030057416-$
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or WO-2012087403-$ or CN-103270598-
$ or EP-2656393-$ or KR-20130111595-$
or EP-2656393-$ or KR-101489611-$ or
JP-5644166-$ or KR-100976119-$ or KR-
20090056763-$ or WO-2015032274-
$).did. or (JP-2013207231-$).did. or (US-
9117791-$% or WO-2009101449-$ or WO-
03025984-$ or US-20080242037-$ or
US-20070187767-$ or US-5281552-$ or
US-20070007590-$ or US-20150108546-
$ or US-20120119297-$ or US-
20120153387-$ or US-20160322359-$ or
JP-2011225936-$ or US-20070122954-$
or EP-867701-$ or US-20090218640-$ or
US-20090302348-$).did.
L37 67 I35 and (undercut or under-cut or under §US-PGPUB; {OR ON 2019/09/25
near cut) HUSPAT; 12:33
JUSOCR;
\FPRS;
JEPO; JPO;
DERWENT;
{{IBM_TDB
L38 {35 I35 and (undercut or under-cut or under EUS—PGPUB; OR ON 2019/09/25
near cut) near10 (fin or channel) same {USPAT; 12:33
(etch or etching or etched) HUSOCR;
\FPRS;
§EPO; JPO;
IDERWENT;
{IBM_TDB
L39 30 I35 and (undercut or under-cut or under §US—PGPUB; OR ON 2019/09/25
near cut) near10 (fin or channel) same  {JUSPAT; 12:35
(etch or etching or etched) and contact EUSOCR;
near resistance \FPRS;
\EPO; JPO;
YDERWENT;
\IBM_TDB
L40 {20 I35 and (undercut or under-cut or under {jUS-PGPUB; {OR ON 2019/09/25
near cut) near10 (fin or channel) same {JUSPAT; 12:35
(etch or etching or etched) and contact §USOCR;
near resistance near10 (germanium or  {§FPRS;
germanide or ge) \EPO; JPO;
\DERWENT;
\IBM_TDB
L41 320 (undercut or under-cut or under near EUS—PGPUB; OR ON 2019/09/25
cut) near10 (fin or channel) same (etch EUSPAT; 12:36
or etching or etched) same (recess or EUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO JPO;
germanide or ge) \DERWENT;
\IBM_TDB
L42 {22 (undercut or under-cut or under near §US—PGPUB; OR ON 2019/09/25
cut) same (fin or channel) same (etch or EUSPAT; 12:37
etching or etched) same (recess or JUSOCR;
recessing or recessed) and contact near EFPRS;
resistance near10 (germanium or \EPO; JPO;
germanide or ge) ADERWENT;
{IBM_TDB
L43 {20 (undercut or under-cut or under near US-PGPUB; {iOR ON 2019/09/25
cut) same (fin or channel) same (etch or JUSPAT; 12:38
etching or etched) same (recess or JUSOCR;
recessing or recessed) and contact near EFPRS;
resistance near10 (germanium or 4EPO; JPO;
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germanide or ge) and (germanium or ge §DERWENT;

or germanide).cim. \IBM_TDB

L44 {18 (undercut or under-cut or under near EUS—PGPUB; OR ON 2019/09/25
cut) same (fin or channel) same (etch or §USPAT; 12:38
etching or etched) same (recess or JUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO JPO;
germanide or ge) and contact near10 ADERWENT;
(germanium or ge or germanide).clm. \{ilBM_TDB

L45 2 (undercut or under-cut or under near §US—PGPUB; OR ON 2019/09/25
cut) same (fin or channel) same (etch or §USPAT; 12:38
etching or etched) same (recess or MUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO JPO;

germanide or ge) and contact near10 §DERWENT;
(germanium or ge or germanide) near10 IBM_TDB
(ti or titanium)

L46 {17 (undercut or under-cut or under near §US—PGPUB; OR ON 2019/09/25

cut) same (fin or channel) same (etch or §USPAT; 12:39
etching or etched) same (recess or §USOCR;

recessing or recessed) and contact near {FPRS;

resistance near10 (germanium or EPO JPO;

germanide or ge) and contact with DERWENT;

(germanium or ge or germanide) with (ti §IBM_TDB

or titanium)

L47 8 (undercut or under-cut or under near US-PGPUB; {iOR ON 2019/09/25
cut) same (fin or channel) same (etch or JUSPAT; 12:40
etching or etched) same (recess or EUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO; JPO;
germanide or ge) and contact with \IDERWENT;

(germanium or ge or germanide) with (ti §IBM_TDB
or titanium) and fin.clm.

L48 {11724 Y"glass.in" or murthy.in. or ghani.in. {US-PGPUB; {OR ON 2019/09/25
MUSPAT; 12:46
JUSOCR;
\FPRS;
YEPO; JPO;
JDERWENT;
{IBM_TDB

L49 {21824 iiglass.in. or murthy.in. or ghani.in. §US—PGPUB; OR ON 2019/09/25
HUSPAT; 12:47
HUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB

L50 198625 {lintel.as. or intel.aanm. US-PGPUB; {{OR ON 2019/09/25
JUSPAT; 12:47
JUSOCR;
FPRS;
{EPO; JPO;
\DERWENT;
{IBM_TDB

L51 §12198 {{257/190.ccls. or HO1L29/45.cpc. JUS-PGPUB; /OR ON 2019/09/25
JUSPAT; 12:47
HUSOCR;
\FPRS;
{EPO; JPO;
YDERWENT;
§|BM_TDB
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L52

230560

149 or 150 or 151

JUS-PGPUB;
JUSPAT;
{JUSOCR;
JFPRS;
§EPO; JPO;
\DERWENT;
\IBM_TDB

OR

ON

2019/09/25
12:47

L53

2458

152 and finfet

{US-PGPUB;
JUSPAT;
JUSOCR;
FPRS;
\EPO; JPO;
{DERWENT;
\IBM_TDB

OR

ON

2019/09/25
12:47

L54

636

recessed or facet)

153 and fin same (recess or recessing or EUS—PGPUB;

YUSPAT;
YUSOCR;
JFPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:48

L55

193

154 and (contact same (germanium or
germanide or ge) same source same
drain)

{US-PGPUB;
JUSPAT;
YUSOCR;
JFPRS;
\EPO; JPO;
\DERWENT;
IBM_TDB

OR

ON

2019/09/25
12:48

L56

93

same (contact near resistance)

155 and (ge or germanium or germanide) {{US-PGPUB;

JUSPAT;
JUSOCR;
FPRS;
AEPO; JPQ;
ADERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:48

L57

54

156 and fin.clm.

JUS-PGPUB;
JUSPAT;
§USOCR;
\FPRS;
YEPO; JPO;
YDERWENT;
jIBM_TDB

OR

ON

2019/09/25
12:48

L58

32

I57 and (ge or germanium) near10
concentration same source same drain

{US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
ADERWENT;
\IBM_TDB

OR

ON

2019/09/25
12:49

L59

L60

32

30

158 and fin.clm.

{US-PGPUB;
HUSPAT;
JUSOCR;
FPRS;
YEPO; JPO;
\DERWENT;
|BM_TDB

OR

ON

159 and (germanide or ge or
germanium).clm.
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{US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
{EPO; JPO;

y

OR

ON

2019/09/25

2019/09/25
12:49

12:50
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JDERWENT;
IBM_TDB
L61 430 160 and (source or drain) near10 EUS—PGPUB; OR ON 2019/09/25
(germanium or ge or germanide) same §USPAT; 12:50
contact 4USOCR;
\FPRS;
\EPO; JPO;
ADERWENT;
\{IBM_TDB
L62 ij11 161 and (graded or gradient).clm. US-PGPUB; {|OR ON 2019/09/25
YUSPAT; 12:51
JUSOCR;
\FPRS;
MEPO; JPO;
ADERWENT;
IBM_TDB
LB3 {2 162 and contact same (titanium or iUS-PGPUB; HOR ON 2019/09/25
ti).clm. JUSPAT; 12:51
HUSOCR;
\FPRS;
\EPO; JPO;
iIDERWENT;
IBM_TDB
L64 {14 contact near resistance near10 (ge or 4US-PGPUB; HOR ON 2019/09/25
germanium or germanide).ti,ab,cim. and | USPAT 12:53
(ge or germanium) near10 (titanium or USOCR
ti) and fin.clm. and contact.cim. ‘FPRS
EPO; JPO;
\IDERWENT;
{IBM_TDB
L65 {0 164 and (ge or germanium) near10 (ti or EUS—PGPUB; OR ON 2019/09/25
titanium).clm. YUSPAT; 12:54
USOCR;
JFPRS;
MEPO; JPO;
{DERWENT;
\IBM_TDB
L66 {14 164 and (ge or germanium) near10 (ti or JUS-PGPUB;{OR ON 2019/09/25
titanium) YUSPAT; 12:54
YUSOCR;
\FPRS;
IEPO JPO;
UDERWENT;
~IBM _TDB
L67 {11 164 and (germanide) near10 (ti or gUS—PGPUB; OR ON 2019/09/25
titanium) HUSPAT; 12:56
{USOCR;
JFPRS;
{EPO; JPO;
{DERWENT;
iflBM_TDB
L82 {313 (US-20120153387-$ or US—20170012124-§US—PGPUB; OR ON 2019/09/25
$ or US-20150206942-$ or US- EUSPAT; 12:56
20130248999-$ or US-20140001520-$ or §FPRS; JPO;
US-20170047419-$ or US-20130240989- §DERWENT
$ or US-20150060945-$ or US- 1
20150333180-$ or US-20160322359-$ or
US-20070187767-$ or US-20160190233-
$ or US-20130277752-$ or US- 1
20090224369-$ or US-20150311204-$ or } \
US-20160118384-§ or US-20160372547-
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$ or US-20100244154-$ or US-
20130034931-$ or US-20090194846-$ or
US-20020042197-$ or US-20030057416-
$ or US-20040266116-$ or US-
20040262594-$ or US-20080242037-$ or
US-20150372142-$).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20080224368-
$ or US-20080197412-$ or US-
20170077244-$ or US-20090206370-$ or
US-20160358826-$ or US-20060156080-
$ or US-20170117277-$ or US-
20080135878-$ or US-20080124878-$ or
US-20130207166-$ or US-20160104673-
$ or US-20170221724-$ or US-
20090224256-$ or US-20130264639-$ or
US-20090189189-$ or US-20160336446-
$ or US-20050130454-$ or US-
20070262296-$ or US-20140159159-$ or
US-20130187171-$ or US-20170352597-
$ or US-20080217658-$ or US-
20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-
20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-
$ or US-20080119025-$ or US-
20120119268-$ or US-20170373147-$ or
US-20160111537-$ or US-20160211338-
$ or US-20090090934-$ or US-
20150008490-$ or US-20160064563-$ or
US-20160020305-$ or US-20130154016-
$ or US-20150236016-$ or US-
20140264492-$ or US-20180190653-$ or
US-20160254383-$ or US-20160240681-
$ or US-20160240534-$ or US-
20160155668-$ or US-20160148936-$ or
US-20160087063-$ or US-20160087062-
$ or US-20160086946-$ or US-
20160056290-%).did. or (US-
20150380558-$ or US-20150318354-$ or
US-20140363943-$ or US-20150295084-
$ or US-20150279840-$ or US-
20150069473-$ or US-20140306290-$ or
US-20140103429-$ or US-20130313524-
$ or US-20130270652-$ or US-
20130241004-$ or US-20130200454-$ or
US-20120068273-$ or US-20100148217-
$ or US-20120001197-$ or US-
20110089493-$ or US-20110062443-$ or
US-20100078728-$ or US-20040063286-
$ or US-20070196973-% or US-
20050266645-$ or US-20050116218-$ or
US-20050045965-$ or US-20040198003-
$ or US-20180174913-$ or US-
20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$ or US-20180076203-$ or
US-20180068904-$ or US-20170194434-
$ or US-20170186748-$ or US-
20170179301-$ or US-20170154990-$ or
US-20170141235-$ or US-20170141199-
$ or US-20170117291-$ or US-
20170104101-$ or US-20170053918-$ or
US-20160380056-$ or US-20160359022-
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$ or US-20160358940-$ or US-
20150295089-$ or US-20160322479-$ or
US-20180053763-% or US-20180047824-
$ or US-20180005904-% or US-
20170243868-$ or US-20170005173-$ or
US-20150129891-$ or US-20170229342-
$ or US-20130285155-$ or US-
20090142899-%).did. or (US-
20080242012-$ or US-20090035911-$ or
US-20180076326-$ or US-20160087078-
$ or US-20160005825-$ or US-
20140167164-$ or US-20080265417-$ or
US-20080116532-$ or US-20080029836-
$ or US-20160027918-$ or US-
20160293717-% or US-20090273034-$ or
US-20170352759-$ or US-20030006484-
$ or US-20040251473-$ or US-
20070122954-$ or US-20030124761-$ or
US-20120161249-% or US-20080311710-
$ or US-20070164388-$ or US-
20050237602-$ or US-20190259861-$ or
US-20180315647-% or US-20180315618-
$ or US-20190035916-$ or US-
20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-% or US-20120037998-
$ or US-20110147828-$ or US-
20100109044-$ or US-20070275548-$ or
US-20140231914-% or US-20110183486-
$ or US-20110068407-$ or US-
20100197092-$ or US-20100123198-$ or
US-20090302348-$ or US-20090075029-
$ or US-20080230805-$ or US-
20080179752-$ or US-20080054347-$ or
US-20070235802-$ or US-20070075378-
$ or US-20070053381-$ or US-
20070004123-$ or US-20060289856-$ or
US-20060255330-$ or US-20060237746-
$ or US-20060199622-$ or US-
20060172511-%).did. or (US-
20060148151-$% or US-20060138398-$ or
US-20060065914-$ or US-20060060859-
$ or US-20050184354-$ or US-
20050145944-% or US-20020197806-$ or
US-20180068857-% or US-20180083114-
$ or US-20190259756-$ or US-
20190259755-$ or US-20190067280-$ or
US-20130189839-$ or US-20190109234-
$ or US-20150035017-$ or US-
20140162442-$ or US-20190097012-$ or
US-20180033882-% or US-20150069531-
$ or US-20110193141-$ or US-
20160293760-$ or US-20160027781-$ or
US-20170345933-$ or US-20180261696-
$ or US-20180145174-$ or US-
20190165124-$ or US-20190207015-
$).did. or (US-9484432-$ or US-8994104-
$ or US-8901537-$ or US-9117791-$ or
US-9349810-$ or US-9059024-$ or US-
9224735-% or US-9437691-$ or US-
7880228-$ or US-5144410-$ or US-
7732285-$ or US-5296387-$ or US-
9397214-% or US-9627384-$ or US-

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 1:00:36 PM]

Page 242 of 348




EAST Search History

9722023-$ or US-9449885-$ or US-
5656859-$ or US-7821044-$ or US-
8575652-$ or US-9859424-$ or US-
5516724-% or US-9768077-$ or US-
5214298-$ or US-4611388-$ or US-
7238580-$ or US-8299455-$).did. or (US-
9679961-% or US-9966440-$ or US-
9553031-% or US-9978868-$ or US-
9966471-$ or US-9905646-$ or US-
9825036-$ or US-9793400-$ or US-
9711417-% or US-9698060-$ or US-
9391171-$ or US-9379108-$ or US-
9209261-$ or US-9917060-$ or US-
9484255-$ or US-5710450-$ or US-
6239029-$ or US-9754940-$ or US-
9722082-$ or US-5644166-$ or US-
6828602-$ or US-6939772-$ or US-
10276400-$ or US-5725573-$ or US-
10304927-% or US-10297670-$ or US-
7491643-$).did. or (US-6887762-$ or US-
7682887-$ or US-7678631-$ or US-
7663192-$ or US-9837357-$ or US-
9059316-% or US-9059096-$ or US-
10236217-$ or US-9934977-$ or US-
10056379-$ or US-10170308-$ or US-
6653700-$ or US-10269646-$ or US-
9214556-% or US-10147817-$).did. or
(KR-20030057416-$ or WO-2012087403-
$ or CN-103270598-$ or EP-2656393-$
or KR-20130111595-$ or EP-2656393-$
or KR-101489611-$ or JP-5644166-$ or
KR-100976119-$ or KR-20090056763-$
or WO-2015032274-$).did. or (JP-
2013207231-%).did. or (US-9117791-$ or
WO-2009101449-$ or WO-03025984-$ or
US-20080242037-$ or US-20070187767-
$ or US-5281552-$ or US-20070007590-
$ or US-20150108546-$% or US-
20120119297-$ or US-20120153387-$ or
US-20160322359-$ or JP-2011225936-$
or US-20070122954-$ or EP-867701-$ or
US-20090218640-% or US-20090302348-
$).did.

L84 ii78

182 and germanide with (ti or titanium)  §US-PGPUB;
JUSPAT;
YUSOCR;
FPRS;
JEPO; JPO;
\IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:57

L85 {49

182 and germanide with (ti or titanium)  US-PGPUB;

same (si or silicon) JUSPAT;
USOCR;
\FPRS;
EPO; JPO;
YDERWENT;
JIBM_TDB

OR

ON

2019/09/25
12:58

L86 {26

182 and germanide with (ti or titanium) §US-PGPUB;

same (si or silicon) same (contact near §USPAT;

resistance) JUSOCR,;
\FPRS;
\EPO; JPO;
\DERWENT;

y

OR

ON

2019/09/25
12:58

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 1:00:36 PM]

Page 243 of 348




EAST Search History

L87

JiBv_TDB

14

182 and germanide with (ti or titanium)  §US-PGPUB;

same (si or silicon) same (contact near EUSPAT;

resistance) and fin.clm. HUSOCR;
\FPRS;
MEPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:59

L88

182 and germanide same (ti or titanium) EUS—PGPUB;

same (si or silicon) same (contact near §USPAT;

resistance) and fin.clm. JUSOCR;
\FPRS;
EPO; JPO;
DERWENT;
iIBM_TDB

OR

ON

2019/09/25
12:59

9/25/2019 1:00:33 PM
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EAST Search History

EAST Search History (Prior Art)

US-20150060945-$ or US-20150333180-$
or US-20160322359-$ or US-20070187767-
$ or US-20160190233-$ or US-
20130277752-$ or US-20090224369-$ or
US-20150311204-$ or US-20160118384-$
or US-20160372547-$ or US-20100244154-
$ or US-20130034931-$ or US-
20090194846-$ or US-20020042197-$ or
US-20030057416-$ or US-20040266116-$
or US-20040262594-$ or US-20080242037-
$ or US-20150372142-$).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-$
or US-20080197412-$ or US-20170077244-
$ or US-20090206370-$ or US-
20160358826-$% or US-20060156080-$ or
US-20170117277-$ or US-20080135878-$
or US-20080124878-$ or US-20130207166-
$ or US-20160104673-$ or US-
20170221724-$ or US-20090224256-$ or
US-20130264639-$ or US-20090189189-$
or US-20160336446-$ or US-20050130454-
$ or US-20070262296-$ or US-
20140159159-$% or US-20130187171-$ or
US-20170352597-% or US-20080217658-$
or US-20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-
20060166492-$% or US-20150108546-$ or
US-20160163815-$ or US-20130264613-$
or US-20080119025-$ or US-20120119268-
$ or US-20170373147-$ or US-
20160111537-% or US-20160211338-$ or
US-20090090934-$ or US-20150008490-$
or US-20160064563-$ or US-20160020305-
$ or US-20130154016-$ or US-
20150236016-$ or US-20140264492-$ or
US-20180190653-$ or US-20160254383-$
or US-20160240681-$ or US-20160240534-
$ or US-20160155668-$ or US-
20160148936-$% or US-20160087063-$ or
US-20160087062-$ or US-20160086946-$
or US-20160056290-$).did. or (US-
20150380558-$% or US-20150318354-$ or
US-20140363943-$% or US-20150295084-$
or US-20150279840-$ or US-20150069473-
$ or US-20140306290-$ or US-
20140103429-$% or US-20130313524-$ or
US-20130270652-$ or US-20130241004-$
or US-20130200454-$ or US-20120068273-

Ref jjHits {{Search Query \DBs Default {Plurals {iTime
# Operator Stamp
L15 {293 {}(US-20120153387-$ or US-20170012124-$ {US-PGPUB; jOR ON 2019/09/25
or US-20150206942-$ or US-20130248999- JUSPAT; 09:49
$ or US-20140001520-$% or US- EFPRS; JPO;
20170047419-$ or US-20130240989-$ or  {DERWENT
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$ or US-20100148217-$ or US-
20120001197-$ or US-20110089493-$ or
US-20110062443-$ or US-20100078728-$
or US-20040063286-$ or US-20070196973-
$ or US-20050266645-$ or US-
20050116218-$ or US-20050045965-$ or
US-20040198003-$ or US-20180174913-$
or US-20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$ or US-20180076203-$ or
US-20180068904-$ or US-20170194434-$
or US-20170186748-$ or US-20170179301-
$ or US-20170154990-% or US-
20170141235-$ or US-20170141199-$ or
US-20170117291-$% or US-20170104101-$
or US-20170053918-$ or US-20160380056-
$ or US-20160359022-$ or US-
20160358940-$ or US-20150295089-$ or
US-20160322479-$% or US-20180053763-$
or US-20180047824-$ or US-20180005904-
$ or US-20170243868-$ or US-
20170005173-$ or US-20150129891-$ or
US-20170229342-$ or US-20130285155-$
or US-20090142899-%).did. or (US
20080242012-$ or US-20090035911-$ or
US-20180076326-$ or US-20160087078-$
or US-20160005825-$ or US-20140167164-
$ or US-20080265417-$ or US-
20080116532-$ or US-20080029836-$ or
US-20160027918-$ or US-20160293717-$
or US-20090273034-$ or US-20170352759-
$ or US-20030006484-$ or US-
20040251473-$ or US-20070122954-% or
US-20030124761-$ or US-20120161249-$
or US-20080311710-$ or US-20070164388-
$ or US-20050237602-$ or US-
20190259861-$ or US-20180315647-$ or
US-20180315618-$% or US-20190035916-$
or US-20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-$ or US-20120037998-$
or US-20110147828-$ or US-20100109044-
$ or US-20070275548-$ or US-
20140231914-$ or US-20110183486-$ or
US-20110068407-$% or US-20100197092-$
or US-20100123198-$ or US-20090302348-
$ or US-20090075029-$ or US-
20080230805-$ or US-20080179752-$ or
US-20080054347-$% or US-20070235802-$
or US-20070075378-$ or US-20070053381-
$ or US-20070004123-$ or US-
20060289856-$ or US-20060255330-$ or
US-20060237746-$ or US-20060199622-$
or US-20060172511-$).did. or (US
20060148151-$ or US-20060138398-$ or
US-20060065914-$ or US-20060060859-$
or US-20050184354-$ or US-20050145944-
$ or US-20020197806-$ or US-
20180068857-$ or US-20180083114-$ or
US-20190259756-$% or US-20190259755-%
or US-20190067280-$ or US-20130189839-
$).did. or (US-9484432-$ or US-8994104-$
or US-8901537-$ or US-9117791-$ or US-
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9349810-$ or US-9059024-$ or US-
9224735-$ or US-9437691-$ or US-
7880228-% or US-5144410-$ or US-
7732285-% or US-5296387-$ or US-
9397214-$ or US-9627384-$ or US-
9722023-$ or US-9449885-$ or US-
5656859-$ or US-7821044-$ or US-
8575652-$ or US-9859424-$ or US-
5516724-$ or US-9768077-$ or US-
5214298-$ or US-4611388-$ or US-
7238580-$ or US-8299455-$).did. or (US-
9679961-$ or US-9966440-$ or US-
9553031-$ or US-9978868-$ or US-
9966471-$ or US-9905646-$ or US-
9825036-% or US-9793400-$ or US-
9711417-$ or US-9698060-$ or US-
9391171-$ or US-9379108-$ or US-
9209261-$% or US-9917060-$ or US-
9484255-$ or US-5710450-$ or US-
6239029-$ or US-9754940-$ or US-
9722082-$ or US-5644166-$ or US-
6828602-$ or US-6939772-$ or US-
10276400-$ or US-5725573-$ or US-
10304927-$ or US-10297670-$ or US-
7491643-$).did. or (US-6887762-$ or US-
7682887-$ or US-7678631-$ or US-
7663192-$ or US-9837357-$ or US-
9059316-$ or US-9059096-$ or US-
10236217-$ or US-9934977-$ or US-
10056379-$ or US-10170308-$ or US-
6653700-%).did. or (KR-20030057416-$ or
WO-2012087403-$ or CN-103270598-$ or
EP-2656393-$ or KR-20130111595-$ or EP-
2656393-$ or KR-101489611-$ or JP-
5644166-$ or KR-100976119-$ or KR-
20090056763-$).did. or (JP-2013207231-
$).did. or (US-9117791-$ or WO-
2009101449-$ or WO-03025984-$ or US-
20080242037-$ or US-20070187767-$ or
US-5281552-$ or US-20070007590-$ or US-
20150108546-$ or US-20120119297-$ or
US-20120153387-% or US-20160322359-$
or JP-2011225936-$ or US-20070122954-$
or EP-867701-$ or US-20090218640-
$).did.

L17 {41

L18 i35

115 and facet US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;

1IBM_TDB

OR

ON

15 and (fin near10 (facet or faceted)) EUS—PGPUB;

OR

ON

2019/09/25
09:50

2019/09/25
09:57

L19 22

15 and (fin near10 (facet or faceted)) EUS—PGPUB;
same (undercut or under-cut or under near EUSPAT;
cut) JUSOCR,;

\FPRS;

y

OR

ON

2019/09/25
09:58
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JEPO; JPO;
DERWENT;
{1BV_TDB

L20

22

15 and (fin near10 (facet or faceted))
same (undercut or under-cut or under near
cut) same (etch or etching or etched)

JUS-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;

N
N

N
3

OR

ON

2019/09/25
09:58

L21

"6373746".pn.

\lUS-PGPUB;
JUSPAT;
JUSOCR;
JFPRS;
JEPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
10:02

L22

L23

40

"09667610"

{US-PGPUB;
MUSPAT;
USOCR;
{FPRS;
EPO; JPO;
YDERWENT;
§IBM_TDB

OR

ON

"7177196"

HUS-PGPUB;
HUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
IBM_TDB

OR

ON

2019/09/25
10:03

2019/09/25
10:03

L24

"7177196".pn.

{US-PGPUB;
YUSPAT;
JUSOCR;
YFPRS;
JEPO; JPO;
UDERWENT;
\IBM_TDB

OR

ON

2019/09/25
10:03

L25

22

15 and (fin near10 (facet or faceted))
same (undercut or under-cut or under near
cut) same (etch or etching or etched) and
germanide

US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
10:04

L26

37

(fin or finfet).cIm. and germanide.clm. and
(source or drain) near5 contact near5
resistance

JUS-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
{EPO; JPO;
ADERWENT;
IBM_TDB

OR

ON

2019/09/25
10:06

L27

24

(fin or finfet).clm. and germanide same
(source or drain) near5 contact near5
resistance

{US-PGPUB;
YUSPAT;
USOCR;
JFPRS;
{EPO; JPO;
ADERWENT;
\{IBM_TDB

OR

ON

2019/09/25
10:07

L28

(fin or finfet) same germanide same
(source or drain) near5 contact near5

Page 248 of 348

JUS-PGPUB;
JUSPAT;

OR

ON

2019/09/25
10:07
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resistance USOCR;
§FPRS;
EPO; JPO;
UDERWENT;
\IBM_TDB

L29

63

MUS-PGPUB;
YUSPAT;
YUSOCR;
\FPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

(fin or finfet).cIm. and germanide.clm.

OR

ON

2019/09/25
10:09

L30

25

(fin or finfet) same germanide.clm. US-PGPUB;
HUSPAT;
YUSOCR:;
\FPRS;
\EPO; JPO;
EDERWENT;
YiBM_TDB

OR

ON

2019/09/25
10:12

L31

85

(fin or finfet) same germanide same source US-PGPUB;

same drain same contact JUSPAT;
HUSOCR;
FPRS;
AEPO; JPQ;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
10:13

L32

32

(fin or finfet) same germanide same source US-PGPUB;

same drain same contact same (titanium or USPAT;

ti) HUSOCR;
\FPRS;
EPO; JPO;
DERWENT;
{IBM_TDB

OR

ON

(fin or finfet) same germanide same source US-PGPUB;

same drain same contact same (titanium or USPAT;

ti) and (fin or finfet).clm. {USOCR;
\FPRS;
\EPO; JPO;
ADERWENT;
\IBM_TDB

OR

ON

2019/09/25
10:18

2019/09/25
10:17

L34

(fin or finfet) same germanide same source US-PGPUB;

same drain same contact same (titanium or {USPAT;

ti) and (fin or finfet).clm. and {USOCR;

germanide.clm. \FPRS;
¥EPO; JPO;
\DERWENT;
\IBM_TDB

OR

ON

2019/09/25
10:18

L35

(fin or finfet) same germanide same source US-PGPUB;

same drain same contact same (titanium or jUSPAT;

ti) and (fin or finfet).clm. and YUSOCR

germanide.clm. and (germanium or ge) §FPRS;

near10 concentration.clm. \EPO; JPO;
IDERWENT;
{{IBM_TDB

OR

ON

2019/09/25
10:21

L36

(fin or finfet) same germanide same source US-PGPUB;

same drain same contact same (titanium or USPAT;

ti) and (fin or finfet).clm. and JUSOCR;

germanide.clm. and (germanium or ge) AFPRS;

near10 concentration.clm. and fin.cim. §EPO; JPC;
UDERWENT:

IBM_TDB

OR

ON

2019/09/25
10:22
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L51

296

(US-20120153387-$ or US-20170012124-$
or US-20150206942-$ or US-20130248999-
$ or US-20140001520-$ or US-
20170047419-$% or US-20130240989-$ or
US-20150060945-$ or US-20150333180-$
or US-20160322359-$ or US-20070187767-
$ or US-20160190233-$ or US-
20130277752-$% or US-20080224369-$ or
US-20150311204-$ or US-20160118384-$
or US-20160372547-$ or US-20100244154-
$ or US-20130034931-$ or US-
20090194846-$ or US-20020042197-$ or
US-20030057416-$ or US-20040266116-$
or US-20040262594-$ or US-20080242037-
$ or US-20150372142-$).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-$
or US-20080197412-$ or US-20170077244-
$ or US-20090206370-$ or US-
20160358826-$ or US-20060156080-$ or
US-20170117277-$ or US-20080135878-$
or US-20080124878-$ or US-20130207166-
$ or US-20160104673-$ or US-
20170221724-$ or US-20090224256-$ or
US-20130264639-$ or US-20090189189-$
or US-20160336446-$ or US-20050130454-
$ or US-20070262296-$ or US-
20140159159-$ or US-20130187171-$ or
US-20170352597-$ or US-20080217658-$
or US-20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-
20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-$
or US-20080119025-$ or US-20120119268-
$ or US-20170373147-$ or US-
20160111537-$ or US-20160211338-$ or
US-20090090934-$ or US-20150008490-$
or US-20160064563-$ or US-20160020305-
$ or US-20130154016-$ or US-
20150236016-$ or US-20140264492-$ or
US-20180190653-% or US-20160254383-$
or US-20160240681-$ or US-20160240534-
$ or US-20160155668-$ or US-
20160148936-$ or US-20160087063-$ or
US-20160087062-$ or US-20160086946-$
or US-20160056290-$).did. or (US-
20150380558-$ or US-20150318354-$ or
US-20140363943-$ or US-20150295084-$
or US-20150279840-$ or US-20150069473-
$ or US-20140306290-$ or US-
20140103429-$ or US-20130313524-$ or
US-20130270652-$ or US-20130241004-$
or US-20130200454-$ or US-20120068273-
$ or US-20100148217-$ or US-
20120001197-$ or US-20110089493-$ or
US-20110062443-$ or US-20100078728-$
or US-20040063286-$ or US-20070196973-
$ or US-20050266645-$ or US-
20050116218-$ or US-20050045965-$ or
US-20040198003-$ or US-20180174913-$
or US-20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$ or US-20180076203-$ or
US-20180068904-$ or US-20170194434-$

JUS-PGPUB;
USPAT;

\FPRS; JPO;
IDERWENT

OR

ON

2019/09/25
10:23
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or US-20170186748-$ or US-20170179301-
$ or US-20170154990-$ or US-
20170141235-$ or US-20170141199-$ or
US-20170117291-$% or US-20170104101-$
or US-20170053918-$ or US-20160380056-
$ or US-20160359022-$ or US-
20160358940-$ or US-20150295089-$ or
US-20160322479-$% or US-20180053763-%
or US-20180047824-$ or US-20180005904-
$ or US-20170243868-$ or US-
20170005173-$ or US-20150129891-$ or
US-20170229342-$ or US-20130285155-$
or US-20090142899-$).did. or (US
20080242012-$ or US-20090035911-$ or
US-20180076326-$ or US-20160087078-$
or US-20160005825-$ or US-20140167164-
$ or US-20080265417-$ or US-
20080116532-$ or US-20080029836-$ or
US-20160027918-$ or US-20160293717-$
or US-20090273034-$ or US-20170352759-
$ or US-20030006484-$ or US-
20040251473-$ or US-20070122954-$ or
US-20030124761-$% or US-20120161249-$
or US-20080311710-$ or US-20070164388-
$ or US-20050237602-$ or US-
20190259861-$ or US-20180315647-$ or
US-20180315618-$% or US-20190035916-$
or US-20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-$% or US-20120037998-$
or US-20110147828-$ or US-20100109044-
$ or US-20070275548-$ or US-
20140231914-$ or US-20110183486-$ or
US-20110068407-$ or US-20100197092-$
or US-20100123198-$ or US-20090302348-
$ or US-20090075029-$ or US-
20080230805-$ or US-20080179752-$ or
US-20080054347-$ or US-20070235802-$
or US-20070075378-$ or US-20070053381-
$ or US-20070004123-$ or US-
20060289856-$ or US-20060255330-$ or
US-20060237746-$ or US-20060199622-$
or US-20060172511-$).did. or (US-
20060148151-$ or US-20060138398-$ or
US-20060065914-$ or US-20060060859-$
or US-20050184354-$ or US-20050145944-
$ or US-20020197806-$ or US-
20180068857-$ or US-20180083114-$ or
US-20190259756-$% or US-20190259755-$
or US-20190067280-$ or US-20130189839-
$ or US-20190109234-$ or US-
20150035017-% or US-20140162442-%).did.
or (US-9484432-$ or US-8994104-$ or US-
8901537-$ or US-9117791-$ or US-
9349810-$ or US-9059024-$ or US-
9224735-$% or US-9437691-$ or US-
7880228-$ or US-5144410-$ or US-
7732285-$ or US-5296387-$% or US-
9397214-% or US-9627384-$ or US-
9722023-$ or US-9449885-$ or US-
5656859-$ or US-7821044-$ or US-
8575652-$ or US-9859424-$ or US-
5516724-$% or US-9768077-$ or US-
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5214298-$ or US-4611388-$ or US-
7238580-$ or US-8299455-$).did. or (US-
9679961-% or US-9966440-$ or US-
9553031-% or US-9978868-$ or US-
9966471-$ or US-9905646-$ or US-
9825036-$ or US-9793400-$ or US-
9711417-$% or US-9698060-$ or US-
9391171-% or US-9379108-$ or US-
9209261-$ or US-9917060-$ or US-
9484255-$ or US-5710450-$ or US-
6239029-$ or US-9754940-$ or US-
9722082-$ or US-5644166-$ or US-
6828602-$ or US-6939772-$ or US-
10276400-$ or US-5725573-$ or US-
10304927-$ or US-10297670-$ or US-
7491643-$).did. or (US-6887762-$ or US-
7682887-$ or US-7678631-$ or US-
7663192-$ or US-9837357-$ or US-
9059316-% or US-9059096-$ or US-
10236217-$ or US-9934977-$ or US-
10056379-$ or US-10170308-$ or US-
6653700-%).did. or (KR-20030057416-$ or
WO-2012087403-$ or CN-103270598-$ or
EP-2656393-$% or KR-20130111595-$ or EP-
2656393-$ or KR-101489611-$ or JP-
5644166-$ or KR-100976119-$ or KR-
20090056763-%).did. or (JP-2013207231-
$).did. or (US-9117791-$ or WO-
2009101449-$ or WO-03025984-$ or US-
20080242037-$ or US-20070187767-$ or
US-5281552-$ or US-20070007590-$ or US-
20150108546-$ or US-20120119297-$ or
US-20120153387-$ or US-20160322359-$
or JP-2011225936-$ or US-20070122954-$
or EP-867701-$ or US-20090218640-
$).did.

L53

96

151 and (etch or etching or etched) near10 {US-PGPUB;

fin JUSPAT;
JUSOCR;
UFPRS;
EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
10:24

L54

L55

57

24

151 and (etch or etching or etched) near10 EUS—PGPUB;

fin near10 (recess or recessing or HUSPAT;

recessed) {USOCR;
JFPRS;
EPO; JPO;
: DERWENT;
{IBM_TDB

OR

ON

151 and (etch or etching or etched) near10 EUS—PGPUB;

fin near10 (recess or recessing or recessed) USPAT;

and germanide.clm. JUSOCR;
\FPRS;
{EPO; JPO
ADERWENT;
\{IBM_TDB

OR

ON

2019/09/25
10:26

2019/09/25
10:26

L56

28

contact adj resistance and (etch or etching §US—PGPUB;

or etched) near10 fin near10 (recess or §USPAT;

recessing or recessed) and germanide.clm. EUSOCR;
§FPRS;
MEPO; JPO;
JDERWENT;

OR

ON

2019/09/25
10:26
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L57

JiBM_TDB

contact adj resistance and (etch or etching §US—PGPUB;
or etched) near10 fin near10 (recess or EUSPAT;
recessing or recessed) and germanide.cim. §USOCR;
and fin.clm. 4FPRS;
MEPO; JPO;
\DERWENT;
{iBM_TDB

OR

ON

2019/09/25
10:27

L58

"20090302348".pn. {US-PGPUB;
HUSPAT;
JUSOCR;
JFPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
10:30

L59

"20090302348".pn. and "34" JUS-PGPUB;
MUSPAT;
JUSOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
10:33

L74

298

(US-20120153387-$ or US-20170012124-$ {US-PGPUB;
or US-20150206942-$ or US-20130248999- {JUSPAT;

$ or US-20140001520-$ or US- JFPRS; JPO;
20170047419-$ or US-20130240989-$ or  {DERWENT
US-20150060945-$ or US-20150333180-$
or US-20160322359-$ or US-20070187767-
$ or US-20160190233-$ or US-
20130277752-$ or US-20090224369-$ or
US-20150311204-$ or US-20160118384-$
or US-20160372547-$ or US-20100244154-
$ or US-20130034931-$ or US-
20090194846-$ or US-20020042197-$ or
US-20030057416-$ or US-20040266116-$
or US-20040262594-$ or US-20080242037-
$ or US-20150372142-$).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-$
or US-20080197412-$ or US-20170077244-
$ or US-20090206370-$ or US-
20160358826-$ or US-20060156080-$ or
US-20170117277-$ or US-20080135878-$
or US-20080124878-$ or US-20130207166-
$ or US-20160104673-$ or US-
20170221724-$ or US-20090224256-$ or
US-20130264639-$ or US-20090189189-$
or US-20160336446-$ or US-20050130454-
$ or US-20070262296-$ or US-
20140159159-$ or US-20130187171-$ or
US-20170352597-$ or US-20080217658-$
or US-20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-
20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-$
or US-20080119025-$ or US-20120119268-
$ or US-20170373147-$ or US-
20160111537-$ or US-20160211338-$ or
US-20090090934-$ or US-20150008490-$
or US-20160064563-$ or US-20160020305-
$ or US-20130154016-$ or US-
20150236016-$ or US-20140264492-$ or
US-20180190653-$ or US-20160254383-$

OR

ON

2019/09/25
10:34
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or US-20160240681-$ or US-20160240534-
$ or US-20160155668-$ or US-
20160148936-$% or US-20160087063-$ or
US-20160087062-$ or US-20160086946-$
or US-20160056290-$).did. or (US-
20150380558-$ or US-20150318354-$ or
US-20140363943-$ or US-20150295084-$
or US-20150279840-$ or US-20150069473-
$ or US-20140306290-$ or US-
20140103429-$ or US-20130313524-$ or
US-20130270652-$ or US-20130241004-$
or US-20130200454-$ or US-20120068273-
$ or US-20100148217-$ or US-
20120001197-$ or US-20110089493-$ or
US-20110062443-$% or US-20100078728-$
or US-20040063286-$ or US-20070196973-
$ or US-20050266645-$ or US-
20050116218-$% or US-20050045965-$ or
US-20040198003-$ or US-20180174913-$
or US-20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-% or US-20180076203-$ or
US-20180068904-$% or US-20170194434-$
or US-20170186748-$ or US-20170179301-
$ or US-20170154990-$ or US-
20170141235-$% or US-20170141199-$ or
US-20170117291-$% or US-20170104101-$
or US-20170053918-$ or US-20160380056-
$ or US-20160359022-$ or US-
20160358940-% or US-20150295089-$ or
US-20160322479-$% or US-20180053763-$
or US-20180047824-$ or US-20180005904-
$ or US-20170243868-$ or US-
20170005173-$ or US-20150129891-$ or
US-20170229342-$ or US-20130285155-$
or US-20090142899-$).did. or (US-
20080242012-$% or US-20090035911-$ or
US-20180076326-$% or US-20160087078-$
or US-20160005825-$ or US-20140167164-
$ or US-20080265417-$ or US-
20080116532-$ or US-20080029836-$ or
US-20160027918-$% or US-20160293717-$
or US-20090273034-$ or US-20170352759-
$ or US-20030006484-$ or US-
20040251473-$ or US-20070122954-$ or
US-20030124761-$% or US-20120161249-$
or US-20080311710-$ or US-20070164388-
$ or US-20050237602-$ or US-
20190259861-$% or US-20180315647-$ or
US-20180315618-% or US-20190035916-$
or US-20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$% or US-20190165156-$ or
US-20140070377-$ or US-20120037998-$
or US-20110147828-$ or US-20100109044-
$ or US-20070275548-$ or US-
20140231914-$% or US-20110183486-$ or
US-20110068407-$ or US-20100197092-$
or US-20100123198-$ or US-20090302348-
$ or US-20090075029-$ or US-
20080230805-$% or US-20080179752-$ or
US-20080054347-$ or US-20070235802-$
or US-20070075378-$ or US-20070053381-
$ or US-20070004123-$ or US-
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20060289856-$ or US-20060255330-$ or
US-20060237746-$ or US-20060199622-$
or US-20060172511-$).did. or (US-
20060148151-% or US-20060138398-$ or
US-20060065914-$ or US-20060060859-$
or US-20050184354-$ or US-20050145944-
$ or US-20020197806-$ or US-
20180068857-% or US-20180083114-$ or
US-20190259756-$ or US-20190259755-$
or US-20190067280-$ or US-20130189839-
$ or US-20190109234-$ or US-
20150035017-$ or US-20140162442-$ or
US-20190097012-$).did. or (US-9484432-$
or US-8994104-$ or US-8901537-$ or US-
9117791-% or US-9349810-$ or US-
9059024-$ or US-9224735-$ or US-
9437691-$ or US-7880228-$ or US-
5144410-$ or US-7732285-$ or US-
5296387-% or US-9397214-$ or US-
9627384-$ or US-9722023-$ or US-
9449885-$ or US-5656859-$ or US-
7821044-$ or US-8575652-$ or US-
9859424-% or US-5516724-$ or US-
9768077-$ or US-5214298-$ or US-
4611388-$ or US-7238580-$ or US-
8299455-%).did. or (US-9679961-$ or US-
9966440-$ or US-9553031-$ or US-
9978868-$ or US-9966471-$ or US-
9905646-$ or US-9825036-$ or US-
9793400-% or US-9711417-$ or US-
9698060-% or US-9391171-$ or US-
9379108-$ or US-9209261-$ or US-
9917060-$ or US-9484255-$ or US-
5710450-$ or US-6239029-$ or US-
9754940-$ or US-9722082-$ or US-
5644166-$ or US-6828602-$ or US-
6939772-$ or US-10276400-$ or US-
5725573-$ or US-10304927-$ or US-
10297670-$ or US-7491643-$).did. or (US-
6887762-$ or US-7682887-$ or US-
7678631-$ or US-7663192-$ or US-
9837357-% or US-9059316-$ or US-
9059096-$ or US-10236217-$ or US-
9934977-$% or US-10056379-$ or US-
10170308-$ or US-6653700-%).did. or (KR-
20030057416-$ or WO-2012087403-$ or
CN-103270598-$ or EP-2656393-$ or KR-
20130111595-$ or EP-2656393-$ or KR-
101489611-$ or JP-5644166-$ or KR-
100976119-$ or KR-20090056763-$).did. or
(JP-2013207231-%).did. or (US-9117791-$
or WO-2009101449-$ or WO-03025984-$
or US-20080242037-$ or US-20070187767-
$ or US-5281552-$ or US-20070007590-$
or US-20150108546-$ or US-20120119297-
$ or US-20120153387-$ or US-
20160322359-$ or JP-2011225936-$ or US-
20070122954-$ or EP-867701-$ or US-
20090218640-$ or US-20090302348-
$).did.

L76

contact near10 germanide.clm. and (tri-
gate or tri near gate or trigate).clm.

JUS-PGPUB;
YUSPAT;
HUSOCR;
{FPRS;

OR

ON

2019/09/25
10:37
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JEPO; JPO;
UDERWENT;
{IBM_TDB
L77 {2 contact near10 germanide.clm. and (tri- §US—PGPUB; OR ON 2019/09/25
gate or tri near gate or trigate).clm. and HUSPAT; 10:37
fin.clm. EUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
IBM_TDB
L78 {0 contact near10 germanide same (tri-gate or§ US-PGPUB; {OR ON 2019/09/25
tri near gate or trigate) same fin.clm. EUSPAT; 10:41
HUSOCR;
\FPRS;
JEPO; JPO;
\DERWENT;
{IBM_TDB
L79 {0 contact near10 germanide same (tri-gate or§ US-PGPUB; {{OR ON 2019/09/25
tri near gate or trigate) same fin EUSPAT; 10:44
JUSOCR;
{FPRS;
EPO; JPO;
\DERWENT;
L80 0 germanide same (tri-gate or tri near gate org US-PGPUB; {OR ON 2019/09/25
trigate) same fin HUSPAT; 10:44
JUSOCR,;
\FPRS;
\EPO; JPO;
\DERWENT;
{{IBM_TDB
L81 {{4101 ii(tri-gate or tri near gate or trigate) same §US—PGPUB; OR ON 2019/09/25
fin HUSPAT; 10:45
JUSOCR;
\FPRS;
HEPO; JPO;
\DERWENT;
\IBM_TDB
L82 {59 151 and (tri-gate or tri near gate or trigate) EUS—PGPUB; OR ON 2019/09/25
same fin JUSPAT; 10:45
YUSOCR;
\FPRS;
\EPO; JPO;
IDERWENT;
{ilBM_TDB
L97 {298 {(US-20120153387-$ or US-20170012124-$ {US-PGPUB;{OR ON 2019/09/25
or US-20150206942-$ or US-20130248999- {{USPAT; 10:52
$ or US-20140001520-$ or US- AFPRS; JPO;
20170047419-$ or US-20130240989-$ or  {DERWENT
US-20150060945-$ or US-20150333180-$
or US-20160322359-$ or US-20070187767-
$ or US-20160190233-$ or US-
20130277752-$ or US-20090224369-$ or
US-20150311204-$ or US-20160118384-$
or US-20160372547-$ or US-20100244154-
$ or US-20130034931-$ or US-
20090194846-$ or US-20020042197-$ or
US-20030057416-$ or US-20040266116-$
or US-20040262594-$ or US-20080242037-
$ or US-20150372142-$).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-$
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or US-20080197412-$ or US-20170077244-
$ or US-20090206370-$ or US-
20160358826-$ or US-20060156080-$ or
US-20170117277-$ or US-20080135878-$
or US-20080124878-$ or US-20130207166-
$ or US-20160104673-$ or US-
20170221724-$ or US-20090224256-$ or
US-20130264639-$ or US-20090189189-$
or US-20160336446-$ or US-20050130454-
$ or US-20070262296-$ or US-
20140159159-$ or US-20130187171-$ or
US-20170352597-$% or US-20080217658-$
or US-20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-
20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-$
or US-20080119025-$ or US-20120119268-
$ or US-20170373147-$ or US-
20160111537-$% or US-20160211338-$ or
US-20090090934-$ or US-20150008490-$
or US-20160064563-$ or US-20160020305-
$ or US-20130154016-$ or US-
20150236016-$ or US-20140264492-$ or
US-20180190653-$% or US-20160254383-$
or US-20160240681-$ or US-20160240534-
$ or US-20160155668-$ or US-
20160148936-$% or US-20160087063-$ or
US-20160087062-$ or US-20160086946-$
or US-20160056290-$).did. or (US-
20150380558-$ or US-20150318354-$ or
US-20140363943-$ or US-20150295084-$
or US-20150279840-$ or US-20150069473-
$ or US-20140306290-$ or US-
20140103429-$ or US-20130313524-$ or
US-20130270652-$ or US-20130241004-$
or US-20130200454-$ or US-20120068273-
$ or US-20100148217-$ or US-
20120001197-$ or US-20110089493-$ or
US-20110062443-$% or US-20100078728-$
or US-20040063286-$ or US-20070196973-
$ or US-20050266645-$ or US-
20050116218-$% or US-20050045965-$ or
US-20040198003-$ or US-20180174913-$
or US-20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$% or US-20180076203-$ or
US-20180068904-$% or US-20170194434-$
or US-20170186748-$ or US-20170179301-
$ or US-20170154990-$ or US-
20170141235-$ or US-20170141199-$ or
US-20170117291-$% or US-20170104101-$
or US-20170053918-$ or US-20160380056-
$ or US-20160359022-$ or US-
20160358940-% or US-20150295089-$ or
US-20160322479-$% or US-20180053763-$
or US-20180047824-$ or US-20180005904-
$ or US-20170243868-$ or US-
20170005173-$ or US-20150129891-$ or
US-20170229342-$ or US-20130285155-$
or US-20090142899-$).did. or (US-
20080242012-$% or US-20090035911-$ or
US-20180076326-$% or US-20160087078-$
or US-20160005825-$ or US-20140167164-
$ or US-20080265417-$ or US-
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20080116532-$ or US-20080029836-$ or
US-20160027918-$ or US-20160293717-$
or US-20090273034-$ or US-20170352759-
$ or US-20030006484-$ or US-
20040251473-$ or US-20070122954-$ or
US-20030124761-$ or US-20120161249-$
or US-20080311710-$ or US-20070164388-
$ or US-20050237602-$ or US-
20190259861-$ or US-20180315647-$ or
US-20180315618-$ or US-20190035916-$
or US-20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-$ or US-20120037998-$
or US-20110147828-$ or US-20100109044-
$ or US-20070275548-$ or US-
20140231914-$ or US-20110183486-$ or
US-20110068407-$ or US-20100197092-$
or US-20100123198-$ or US-20090302348-
$ or US-20090075029-$ or US-
20080230805-$ or US-20080179752-$ or
US-20080054347-$ or US-20070235802-$
or US-20070075378-$ or US-20070053381-
$ or US-20070004123-$ or US-
20060289856-$ or US-20060255330-$ or
US-20060237746-$ or US-20060199622-$
or US-20060172511-$).did. or (US
20060148151-$ or US-20060138398-$ or
US-20060065914-$ or US-20060060859-$
or US-20050184354-$ or US-20050145944-
$ or US-20020197806-$ or US-
20180068857-$ or US-20180083114-$ or
US-20190259756-$ or US-20190259755-$
or US-20190067280-$ or US-20130189839-
$ or US-20190109234-$ or US-
20150035017-$ or US-20140162442-$ or
US-20190097012-$).did. or (US-9484432-$
or US-8994104-$ or US-8901537-% or US-
9117791-$ or US-9349810-$ or US-
9059024-$ or US-9224735-$ or US-
9437691-$ or US-7880228-$ or US-
5144410-$ or US-7732285-$ or US-
5296387-$ or US-9397214-$ or US-
9627384-$ or US-9722023-$ or US-
9449885-$ or US-5656859-$ or US-
7821044-$ or US-8575652-$ or US-
9859424-$ or US-5516724-$ or US-
9768077-$ or US-5214298-$ or US-
4611388-$ or US-7238580-$ or US-
8299455-$).did. or (US-9679961-% or US-
9966440-$ or US-9553031-$ or US-
9978868-$ or US-9966471-$ or US-
9905646-$ or US-9825036-$ or US-
9793400-$ or US-9711417-$ or US-
9698060-$ or US-9391171-$ or US-
9379108-$ or US-9209261-$ or US-
9917060-$ or US-9484255-$ or US-
5710450-$ or US-6239029-$ or US-
9754940-$ or US-9722082-$ or US-
5644166-$ or US-6828602-$ or US-
6939772-$ or US-10276400-$ or US-
5725573-$ or US-10304927-$ or US-
10287670-% or US-7491643-$).did. or (US-
6887762-$ or US-7682887-$ or US-
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7678631-$ or US-7663192-$ or US-
9837357-$ or US-9059316-$ or US-
9059096-$ or US-10236217-$ or US-
9934977-$ or US-10056379-$ or US-
10170308-$ or US-6653700-$).did. or (KR-
20030057416-$ or WO-2012087403-$ or
CN-103270598-$ or EP-2656393-$ or KR-
20130111595-$ or EP-2656393-$ or KR-
101489611-$ or JP-5644166-$ or KR-
100976119-$ or KR-20090056763-$).did. or
(JP-2013207231-$).did. or (US-9117791-$
or WO-2009101449-$ or WO-03025984-$
or US-20080242037-$ or US-20070187767-
$ or US-5281552-$ or US-20070007590-$
or US-20150108546-$ or US-20120119297-
$ or US-20120153387-$ or US-
20160322359-$ or JP-2011225936-$ or US-
20070122954-$ or EP-867701-$ or US-
20090218640-$ or US-20090302348-
$).did.

9/25/2019 11:14:47 AM
C:\ Users\ ferdem\ Documents\ EAST\ Workspaces\ 16416445_case.wsp
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EAST Search History

EAST Search History (Prior Art)

Ref {iHits Search Query \DBs Default {Plurals {iTime
# Operator Stamp
L1 {70 finfet same germanide same contact {US-PGPUB; {{OR ON 2019/09/25
HUSPAT; 12:09
JUSOCR,;
§FPRS;
{EPO; JPO;
IDERWENT;
{IBM_TDB
L2 53 finfet same germanide same contact US-PGPUB; {{OR ON 2019/09/25
near2 (source or drain) YUSPAT; 12:10
YUSOCR;
\FPRS;
EEPO; JPO;
UDERWENT;
{IBM_TDB
L3 22 finfet same germanide same contact US-PGPUB; {jOR ON 2019/09/25
near2 (source or drain) same contact HUSPAT; 12:10
near2 resistance YUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB
L4 9 finfet same germanide same contact US-PGPUB; {{OR ON 2019/09/25
near2 (source or drain) same contact USPAT; 12:11
near?2 resistance and (germanium or §USOCR;
ge).clm. UFPRS;
{EPO; JPO;
\DERWENT;
{IBM_TDB
L5 0 finfet same germanide same contact US-PGPUB; {OR ON 2019/09/25
near2 (source or drain) same contact USPAT; 12:11
near?2 resistance and (germanium or §USOCR;
ge).clm. and fin.cim. \FPRS;
EPO; JPO;
\DERWENT;
{IBM_TDB
L6 22 finfet and germanide same contact near2§ US-PGPUB; {{OR ON 2019/09/25
(source or drain) same contact near2 §USPAT; 12:12
resistance and (germanium or ge).cim.  §USOCR,;
and fin.cim. \FPRS;
\EPO; JPO;
\DERWENT;
\{IBM_TDB
L7 43 finfet and germanide same contact near2 §US-PGPUB; {OR ON 2019/09/25
(source or drain) same contact near2 EUSPAT; 12:12
resistance and (germanium or ge).clm. §USOCR;
and fin.clm. and (titanium or ti).clm. §FPRS;
YEPO; JPO;
DERWENT;
L8 37 (finfet or fin).cIm. and (germanide same %US-PGPUB; OR ON 2019/09/25
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boron same germanium) §USPAT; 12:15
HUSOCR;
\FPRS;
{EPO; JPO;
UDERWENT;
IBM_TDB
L9 i35 (finfet or fin).clm. and (germanide same {US-PGPUB;{OR ON 2019/09/25
boron same germanium same source YUSPAT; 12:15
same drain) USOCR;
FPRS;
UEPO; JPQ;
ADERWENT;
{IBM_TDB
L10 {18 (fin).cim. and (germanide same boron  {jUS-PGPUB; JOR ON 2019/09/25
same germanium same source same HUSPAT; 12:16
drain) EUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB
L11 {14 (fin).clm. and (germanide same boron EUS-PGPUB; OR ON 2019/09/25
same germanium same source same MUSPAT; 12:17
drain same contact near resistance) EUSOCR;
\IFPRS;
EPO; JPO;
IDERWENT;
§IBM_TDB
L12 {0 (fin same finfet same facet) and HUS-PGPUB; {IOR ON 2019/09/25
(germanide same boron same HUSPAT; 12:18
germanium same source same drain {USOCR;
same contact near resistance) \FPRS;
\EPO; JPO;
UDERWENT;
IBM_TDB
L13 {18 (fin same finfet same facet same contact JUS-PGPUB; {OR ON 2019/09/25
near resistance) USPAT; 12:19
HUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB
L14 {0 (fin same finfet same facet same contact EUS-PGPUB; OR ON 2019/09/25
near resistance) and (germanide or §USPAT; 12:20
((germanium or ge) near10 (ti or HUSOCR;
titaniumy))) \iFPRS;
{EPO; JPO;
\IDERWENT;
{IBM_TDB
L15 {13 (fin same finfet same facet and contact EUS—PGPUB; OR ON 2019/09/25
near resistance) and (germanide or EUSPAT; 12:20
((germanium or ge) near10 (ti or USOCR;
titanium))) \FPRS;
MEPO; JPO;
\IDERWENT;
{IBM_TDB
L16 301 (fin same finfet and contact near EUS—PGPUB; OR ON 2019/09/25
resistance) and (germanide or §USPAT; 12:29
((germanium or ge) near10 (ti or JUSOCR,;
titanium))) \FPRS;
\EPO; JPO;
\DERWENT;
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20130248999-$ or US-20140001520-$ or FPRS; JPO;
US-20170047419-$ or US-20130240989- {DERWENT
$ or US-20150060945-$ or US-
20150333180-$ or US-20160322359-$ or
US-20070187767-$ or US-20160190233-
$ or US-20130277752-$ or US-
20090224369-$ or US-20150311204-$ or
US-20160118384-$ or US-20160372547-
$ or US-20100244154-$ or US-
20130034931-$ or US-20090194846-$ or
US-20020042197-$ or US-20030057416-
$ or US-20040266116-$ or US-
20040262594-$ or US-20080242037-$ or
US-20150372142-%).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-
$ or US-20080197412-$ or US-
20170077244-$ or US-20090206370-$ or
US-20160358826-$ or US-20060156080-
$ or US-20170117277-$ or US-
20080135878-$ or US-20080124878-$ or
US-20130207166-$ or US-20160104673-
$ or US-20170221724-$ or US-
20090224256-$ or US-20130264639-$ or
US-20090189189-$ or US-20160336446-
$ or US-20050130454-$ or US-
20070262296-$ or US-20140159159-$ or
US-20130187171-$ or US-20170352597-
$ or US-20080217658-$ or US-
20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-

{iBM_TDB :
L17 {207 (fin same finfet and contact near §US—PGPUB; OR ON 2019/09/25
resistance) and contact same (germanide§ USPAT; 12:29
or ((germanium or ge) near10 (ti or HUSOCR;
titanium))) 4FPRS;
MEPO; JPO;
\DERWENT;
{iBM_TDB
L18 {100 (fin same finfet and contact near EUS—PGPUB; OR ON 2019/09/25
resistance) and contact same (germanide§ USPAT; 12:30
or ((germanium or ge) near10 (ti or JUSOCR;
titanium))) and contact.ab. and §FPRS;
contact.clm. EPO; JPO;
UDERWENT;
{IBM_TDB
L19 90 (fin same finfet and contact near §US—PGPUB; OR ON 2019/09/25
resistance) and contact same (germanide§ USPAT; 12:30
or ((germanium or ge) near10 (ti or JUSOCR,;
titanium))) and contact.ab. and \FPRS;
contact.clm. and (ge or germanium or EPO JPO;
germanide).cim. \DERWENT;
{IBM_TDB
L20 38 (fin same finfet and contact near {US-PGPUB; {{OR ON 2019/09/25
resistance) and contact same (germanide jUSPAT; 12:31
or ((germanium or ge) near10 (ti or §USOCR;
titanium))) and contact.ab. and §FPRS;
contact.clm. and (ge or germanium or  {EPO; JPO;
germanide).clm. and fin.cim. §DERWENT;
\IBM_TDB
L35 305 (US-20120153387-$ or US-20170012124-JUS-PGPUB; {OR ON 2019/09/25
$ or US-20150206942-$ or US- EUSPAT; 12:32
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20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-
$ or US-20080119025-$ or US-
20120119268-$ or US-20170373147-$ or
US-20160111537-$ or US-20160211338-
$ or US-20090090934-$ or US-
20150008490-$ or US-20160064563-$ or
US-20160020305-$ or US-20130154016-
$ or US-20150236016-$ or US-
20140264492-$ or US-20180190653-$ or
US-20160254383-$ or US-20160240681-
$ or US-20160240534-$ or US-
20160155668-$ or US-20160148936-$ or
US-20160087063-$ or US-20160087062-
$ or US-20160086946-$ or US-
20160056290-%).did. or (US-
20150380558-$ or US-20150318354-$ or
US-20140363943-$ or US-20150295084-
$ or US-20150279840-$ or US-
20150069473-$ or US-20140306290-$ or
US-20140103429-$ or US-20130313524-
$ or US-20130270652-$ or US-
20130241004-$ or US-20130200454-$ or
US-20120068273-$ or US-20100148217-
$ or US-20120001197-$ or US-
20110089493-$ or US-20110062443-$ or
US-20100078728-$ or US-20040063286-
$ or US-20070196973-% or US-
20050266645-$ or US-20050116218-$ or
US-20050045965-$ or US-20040198003-
$ or US-20180174913-$ or US-
20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$ or US-20180076203-$ or
US-20180068904-$ or US-20170194434-
$ or US-20170186748-$ or US-
20170179301-$ or US-20170154990-$ or
US-20170141235-$ or US-20170141199-
$ or US-20170117291-$ or US-
20170104101-$ or US-20170053918-$ or
US-20160380056-$ or US-20160359022-
$ or US-20160358940-$ or US-
20150295089-$ or US-20160322473-$ or
US-20180053763-$ or US-20180047824-
$ or US-20180005904-$ or US-
20170243868-$ or US-20170005173-$ or
US-20150129891-$ or US-20170229342-
$ or US-20130285155-$ or US-
20090142899-$).did. or (US-
20080242012-$ or US-20080035911-$ or
US-20180076326-$ or US-20160087078-
$ or US-20160005825-$ or US-
20140167164-$ or US-20080265417-$ or
US-20080116532-$ or US-20080029836-
$ or US-20160027918-$ or US-
20160293717-$ or US-20090273034-$ or
US-20170352759-$ or US-20030006484-
$ or US-20040251473-$ or US-
20070122954-$ or US-20030124761-$ or
US-20120161249-$ or US-20080311710-
$ or US-20070164388-$ or US-
20050237602-$ or US-20190259861-$ or
US-20180315647-$ or US-20180315618-
$ or US-20190035916-$ or US-

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 12:52:59 PM]

Page 263 of 348




EAST Search History

20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-% or US-20120037998-
$ or US-20110147828-$ or US-
20100109044-$ or US-20070275548-$ or
US-20140231914-% or US-20110183486-
$ or US-20110068407-$ or US-
20100197092-$ or US-20100123198-$ or
US-20090302348-$ or US-20090075029-
$ or US-20080230805-$ or US-
20080179752-$ or US-20080054347-$ or
US-20070235802-$ or US-20070075378-
$ or US-20070053381-$ or US-
20070004123-$ or US-20060289856-$ or
US-20060255330-$ or US-20060237746-
$ or US-20060199622-$ or US-
20060172511-%).did. or (US-
20060148151-$% or US-20060138398-$ or
US-20060065914-$ or US-20060060859-
$ or US-20050184354-$ or US-
20050145944-% or US-20020197806-$ or
US-20180068857-% or US-20180083114-
$ or US-20190259756-$ or US-
20190259755-$ or US-20190067280-$ or
US-20130189839-$ or US-20190109234-
$ or US-20150035017-$ or US-
20140162442-$ or US-20190097012-$ or
US-20180033882-% or US-20150069531-
$ or US-20110193141-$).did. or (US-
9484432-% or US-8994104-$ or US-
8901537-$ or US-9117791-$ or US-
9349810-$ or US-9059024-$ or US-
9224735-% or US-9437691-$ or US-
7880228-$ or US-5144410-$ or US-
7732285-$ or US-5296387-$% or US-
9397214-$ or US-9627384-$ or US-
9722023-$ or US-9449885-$ or US-
5656859-$ or US-7821044-$ or US-
8575652-$ or US-9859424-$ or US-
5516724-% or US-9768077-$ or US-
5214298-% or US-4611388-$ or US-
7238580-$ or US-8299455-$).did. or (US-
9679961-$ or US-9966440-$ or US-
9553031-% or US-9978868-$ or US-
9966471-% or US-9905646-$ or US-
9825036-$ or US-9793400-$ or US-
9711417-$ or US-9698060-$ or US-
9391171-% or US-9379108-$ or US-
9209261-% or US-9917060-$ or US-
9484255-$ or US-5710450-$ or US-
6239029-$ or US-9754940-$ or US-
9722082-% or US-5644166-$ or US-
6828602-$ or US-6939772-$ or US-
10276400-$ or US-5725573-$ or US-
10304927-$ or US-10297670-$ or US-
7491643-9%).did. or (US-6887762-$ or US-
7682887-$ or US-7678631-$ or US-
7663192-$ or US-9837357-$ or US-
9059316-$ or US-9059096-$ or US-
10236217-$ or US-9934977-$ or US-
10056379-$ or US-10170308-$ or US-
6653700-$ or US-10269646-$ or US-
9214556-%).did. or (KR-20030057416-$
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or WO-2012087403-$ or CN-103270598-
$ or EP-2656393-$ or KR-20130111595-$
or EP-2656393-$ or KR-101489611-$ or
JP-5644166-$ or KR-100976119-$ or KR-
20090056763-$ or WO-2015032274-
$).did. or (JP-2013207231-$).did. or (US-
9117791-$% or WO-2009101449-$ or WO-
03025984-$ or US-20080242037-$ or
US-20070187767-$ or US-5281552-$ or
US-20070007590-$ or US-20150108546-
$ or US-20120119297-$ or US-
20120153387-$ or US-20160322359-$ or
JP-2011225936-$ or US-20070122954-$
or EP-867701-$ or US-20090218640-$ or
US-20090302348-$).did.
L37 67 I35 and (undercut or under-cut or under §US-PGPUB; {OR ON 2019/09/25
near cut) HUSPAT; 12:33
JUSOCR;
\FPRS;
JEPO; JPO;
DERWENT;
{{IBM_TDB
L38 {35 I35 and (undercut or under-cut or under EUS—PGPUB; OR ON 2019/09/25
near cut) near10 (fin or channel) same {USPAT; 12:33
(etch or etching or etched) HUSOCR;
\FPRS;
§EPO; JPO;
IDERWENT;
{IBM_TDB
L39 30 I35 and (undercut or under-cut or under §US—PGPUB; OR ON 2019/09/25
near cut) near10 (fin or channel) same  {JUSPAT; 12:35
(etch or etching or etched) and contact EUSOCR;
near resistance \FPRS;
\EPO; JPO;
YDERWENT;
\IBM_TDB
L40 {20 I35 and (undercut or under-cut or under {jUS-PGPUB; {OR ON 2019/09/25
near cut) near10 (fin or channel) same {JUSPAT; 12:35
(etch or etching or etched) and contact §USOCR;
near resistance near10 (germanium or  {§FPRS;
germanide or ge) \EPO; JPO;
\DERWENT;
\IBM_TDB
L41 320 (undercut or under-cut or under near EUS—PGPUB; OR ON 2019/09/25
cut) near10 (fin or channel) same (etch EUSPAT; 12:36
or etching or etched) same (recess or EUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO JPO;
germanide or ge) \DERWENT;
\IBM_TDB
L42 {22 (undercut or under-cut or under near §US—PGPUB; OR ON 2019/09/25
cut) same (fin or channel) same (etch or EUSPAT; 12:37
etching or etched) same (recess or JUSOCR;
recessing or recessed) and contact near EFPRS;
resistance near10 (germanium or \EPO; JPO;
germanide or ge) ADERWENT;
{IBM_TDB
L43 {20 (undercut or under-cut or under near US-PGPUB; {iOR ON 2019/09/25
cut) same (fin or channel) same (etch or JUSPAT; 12:38
etching or etched) same (recess or JUSOCR;
recessing or recessed) and contact near EFPRS;
resistance near10 (germanium or 4EPO; JPO;
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germanide or ge) and (germanium or ge §DERWENT;

or germanide).cim. \IBM_TDB

L44 {18 (undercut or under-cut or under near EUS—PGPUB; OR ON 2019/09/25
cut) same (fin or channel) same (etch or §USPAT; 12:38
etching or etched) same (recess or JUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO JPO;
germanide or ge) and contact near10 ADERWENT;
(germanium or ge or germanide).clm. \{ilBM_TDB

L45 2 (undercut or under-cut or under near §US—PGPUB; OR ON 2019/09/25
cut) same (fin or channel) same (etch or §USPAT; 12:38
etching or etched) same (recess or MUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO JPO;

germanide or ge) and contact near10 §DERWENT;
(germanium or ge or germanide) near10 IBM_TDB
(ti or titanium)

L46 {17 (undercut or under-cut or under near §US—PGPUB; OR ON 2019/09/25

cut) same (fin or channel) same (etch or §USPAT; 12:39
etching or etched) same (recess or §USOCR;

recessing or recessed) and contact near {FPRS;

resistance near10 (germanium or EPO JPO;

germanide or ge) and contact with DERWENT;

(germanium or ge or germanide) with (ti §IBM_TDB

or titanium)

L47 8 (undercut or under-cut or under near US-PGPUB; {iOR ON 2019/09/25
cut) same (fin or channel) same (etch or JUSPAT; 12:40
etching or etched) same (recess or EUSOCR;
recessing or recessed) and contact near §FPRS;
resistance near10 (germanium or EPO; JPO;
germanide or ge) and contact with \IDERWENT;

(germanium or ge or germanide) with (ti §IBM_TDB
or titanium) and fin.clm.

L48 {11724 Y"glass.in" or murthy.in. or ghani.in. {US-PGPUB; {OR ON 2019/09/25
MUSPAT; 12:46
JUSOCR;
\FPRS;
YEPO; JPO;
JDERWENT;
{IBM_TDB

L49 {21824 iiglass.in. or murthy.in. or ghani.in. §US—PGPUB; OR ON 2019/09/25
HUSPAT; 12:47
HUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB

L50 198625 {lintel.as. or intel.aanm. US-PGPUB; {{OR ON 2019/09/25
JUSPAT; 12:47
JUSOCR;
FPRS;
{EPO; JPO;
\DERWENT;
{IBM_TDB

L51 §12198 {{257/190.ccls. or HO1L29/45.cpc. JUS-PGPUB; /OR ON 2019/09/25
JUSPAT; 12:47
HUSOCR;
\FPRS;
{EPO; JPO;
YDERWENT;
§|BM_TDB
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L52

230560

149 or 150 or 151

JUS-PGPUB;
JUSPAT;
{JUSOCR;
JFPRS;
§EPO; JPO;
\DERWENT;
\IBM_TDB

OR

ON

2019/09/25
12:47

L53

2458

152 and finfet

{US-PGPUB;
JUSPAT;
JUSOCR;
FPRS;
\EPO; JPO;
{DERWENT;
\IBM_TDB

OR

ON

2019/09/25
12:47

L54

636

recessed or facet)

153 and fin same (recess or recessing or EUS—PGPUB;

YUSPAT;
YUSOCR;
JFPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:48

L55

193

154 and (contact same (germanium or
germanide or ge) same source same
drain)

{US-PGPUB;
JUSPAT;
YUSOCR;
JFPRS;
\EPO; JPO;
\DERWENT;
IBM_TDB

OR

ON

2019/09/25
12:48

L56

93

same (contact near resistance)

155 and (ge or germanium or germanide) {{US-PGPUB;

JUSPAT;
JUSOCR;
FPRS;
AEPO; JPQ;
ADERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:48

L57

54

156 and fin.clm.

JUS-PGPUB;
JUSPAT;
§USOCR;
\FPRS;
YEPO; JPO;
YDERWENT;
jIBM_TDB

OR

ON

2019/09/25
12:48

L58

32

I57 and (ge or germanium) near10
concentration same source same drain

{US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
ADERWENT;
\IBM_TDB

OR

ON

2019/09/25
12:49

L59

L60

32

30

158 and fin.clm.

{US-PGPUB;
HUSPAT;
JUSOCR;
FPRS;
YEPO; JPO;
\DERWENT;
|BM_TDB

OR

ON

159 and (germanide or ge or
germanium).clm.
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{US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
{EPO; JPO;

y

OR

ON

2019/09/25

2019/09/25
12:49

12:50
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JDERWENT;
§IBM_TDB

L61

30

160 and (source or drain) near10
(germanium or ge or germanide) same
contact

HUS-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
{EPO; JPO
ADERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:50

L62

161 and (graded or gradient).clm.

US-PGPUB;
USPAT;
JUSOCR;
JFPRS;
MEPO; JPO;
IDERWENT;
IBM_TDB

OR

ON

2019/09/25
12:51

L63

162 and contact same (titanium or
ti).clm.

JUS-PGPUB;
YUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:51

9/25/2019 12:52:56 PM
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EAST Search History

EAST Search History (Prior Art)

Ref
i

Hits

Search Query

\DBs

N
N

Default
Operator

Plurals

Time
Stamp

L1

"16416445"

{US-PGPUB;
YUSPAT;
JUSOCR;
\FPRS;
{EPO; JPO;
IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
07:38

L2

"16/416445"

US-PGPUB;
YUSPAT;
YUSOCR;
JFPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
07:38

L3

69

germanide near10 silicon near10
germanium near10 titanium

JUS-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;

N
N

N
3

OR

ON

2019/09/25
07:39

L4

germanide near10 silicon near10
germanium near10 titanium.clm.

\lUS-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
07:40

L5

germanide with silicon with germanium
with titanium.clm.

YUS-PGPUB;
MUSPAT;
USOCR;
{FPRS;
JEPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
07:42

L6

germanide with silicon with germanium
with "titanium." same (source or drain)
near2 region

HUS-PGPUB;
HUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
§IBM_TDB

OR

ON

2019/09/25
07:42

L7

16

72

germanide with silicon with germanium

with titanium same (source or drain) near2

region

{US-PGPUB;
JUSPAT;
JUSOCR;
JFPRS;
\[EPO; JPO;
DERWENT;
§|BM_TDB

OR

ON

germanide same silicon same germanium

Page 269 of 348

Us-PGPUB;

N
y

OR

ON

2019/09/25
07:42

2019/09/25

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 8:38:05 AM]




EAST Search History

same titanium same (source or drain) near2§ USPAT; 07:43
region JUSOCR,;
\FPRS;
{EPO; JPO;
UDERWENT;
IBM_TDB
LS 19 contact near resistance same germanide  jUS-PGPUB; {OR ON 2019/09/25
same silicon same germanium same YUSPAT; 07:45
titanium same (source or drain) near2 EUSOCR;
region \FPRS;
UEPO; JPQ;
ADERWENT;
{IBM_TDB
L10 {17 contact near resistance.ti,ab,clm. and EUSPGPUB; OR ON 2019/09/25
germanide same (source or drain) near2  {USPAT; 07:48
region.clm. USOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{{IBM_TDB
L11 ij25 12/975278 {US-PGPUB; {{OR ON 2019/09/25
MUSPAT; 07:49
{USOCR;
IFPRS;
EPO; JPO;
IDERWENT;
§IBM_TDB
L12 {i76 ("20020197806" | "20030057416" | HUS-PGPUB; {IOR ON 2019/09/25
"20050130454" | "20050145944" | HUSPAT; 07:50
"20050184354" | "20060060859" | lUSOCR
"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" |
"5312766" | "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.
L13 {16 [12 and germanide {US-PGPUB; {OR ON 2019/09/25
MUSPAT; 07:50
{USOCR;
\FPRS;
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JEPO; JPO;
DERWENT;
{1BV_TDB

L14

1987

(germanium or ge) near10 (source or drain)§ US-PGPUB;

near10 region.clm. HUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;

EDERWENT;

N
N

N
3

OR

ON

2019/09/25
07:52

L15

52

(germanium or ge) near10 (source or drain)§ US-PGPUB;

near10 region.clm. and germanide.clm. EUSPAT;
HUSOCR;
§FPRS;
JEPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
07:52

L16

20

(germanium or ge) near10 (source or drain)§ US-PGPUB;

near10 region.clm. and germanide.clm. and USPAT;

germaniun near10 graded USOCR;
{FPRS;
EPO; JPO;
\DERWENT;
{/BM_TDB

OR

ON

(germanium or ge) near10 (source or drain)§ US-PGPUB;

near10 region.clm. and germanide.clm. and USPAT;

germanium near10 graded JUSOCR,;
\FPRS;
\EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
07:53

2019/09/25
07:53

L18

102

("20020197806" | "20030057416" | JUs-PGPUB;
"20050130454" | "20050145944" | HUSPAT;
"20050184354" | "20060060859" | JUSoCR
"20060065914" | "20060138398" |
"20060148151" | "20060156080" |
"20060172511" | "20060199622" |
"20060237746" | "20060255330" |
"20060289856" | "20070004123" |
"20070053381" | "20070075378" |
"20070187767" | "20070235802" |
"20070275548" | "20080054347" |
"20080135878" | "20080179752" |
"20080197412" | "20080230805" |
"20080242037" | "20090075029" |
"20090302348" | "20100109044" |
"20100123198" | "20100148217" |
"20100197092" | "20100244154" |
"20110068407" | "20110147828" |
"20110183486" | "20120037998" |
"20120153387" | "20130240989" |
"20130248999" | "20130264639" |
"20140070377" | "20140231914" |
"20150060945" | "20150206942" |
"20150333180" | "5089872" | "5216271" |
"5281552" | "5296386" | "5296387" |
"5312766" | "6235568" | "6274894" |
"6541343" | "6605498" | "6607948" |
"6621131" | "6653700" | "6797556" |
"6812086" | "6861318" | "6885084" |
"6887762" | "6933589" | "6949482" |
"6952040" | "6972228" | "7060576" |

OR

ON

2019/09/25
07:54
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"7129139" | "7135724" | "7138320" |
"7138697" | "7226842" | "7244668" |
"7274055" | "7338873" | "7358547" |
"7391087" | "7402872" | "7427775" |
"7436035" | "7491643" | "7492017" |
"7494858" | "7518196" | "7544997" |
"7662689" | "7663192" | "7678631" |
"7682887" | "7682916" | "7732285" |
"7880228" | "8039902" | "8354694" |
"8598003" | "8901537" | "8994104" |
"9117791" | "9349810").PN.
L19 11 pre-contact near metallization EUS—PGPUB; OR ON 2019/09/25
YUSPAT; 07:56
HUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
IBM_TDB
L20 ii6 pre-contact near metallization and EUS—PGPUB; OR ON 2019/09/25
germanide.ti,ab,clm. USPAT; 07:57
§USOCR;
\FPRS;
EPO; JPO;
\DERWENT;
\IBM_TDB
L21 #0 pre-contact near metallization and {US-PGPUB; {{OR ON 2019/09/25
germanide.ti,ab,clm. and HUSPAT; 07:57
titanium.ti,ab,clm. {USOCR;
\FPRS;
\EPO; JPO;
UDERWENT;
] §IBM_TDB R
L22 0 pre-contact near metallization and §US—PGPUB; OR ON 2019/09/25
germanide.ti,ab,clm. and titaniu EUSPAT; 07:58
JUSOCR;
\FPRS;
{EPO; JPO
ADERWENT;
\{IBM_TDB
L23 {6 pre-contact near metallization and US-PGPUB; {|OR ON 2019/09/25
germanide.ti,ab,clm. and titanium EUSPAT; 07:58
JUSOCR;
\FPRS;
HEPO; JPO;
\IDERWENT;
{IBM_TDB
L24 ii6 pre-contact near metallization and EUS-PGPUB; OR ON 2019/09/25
germanide.ti,ab,clm. and germanide same EUSPAT; 07:58
titanium YUSOCR;
\FPRS;
{EPO; JPO;
\IDERWENT;
iIBM_TDB
L25 {179 {jgermanide.cim. and titanium.clm. §US—PGPUB; OR ON 2019/09/25
EUSPAT; 07:59
HUSOCR;
\FPRS;
MEPO; JPO;
\IDERWENT;
IBM_TDB
L26 {62 germanide.clm. and titanium.clm. and §US—PGPUB; OR ON 2019/09/25
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contact adj resistance §USPAT; 07:59
HUSOCR;
\FPRS;
{EPO; JPO;
\IDERWENT;
IBM_TDB
L27 #11 (source or drain) same contact same #US-PGPUB; {{OR ON 2019/09/25
germanide.cim. and titanium.clm. and YUSPAT; 08:00
contact adj resistance YUSOCR;
FPRS;
UEPO; JPQ;
ADERWENT;
{IBM_TDB
L28 7 (source or drain) same contact same EUSPGPUB; OR ON 2019/09/25
germanide.clm. and contact same HUSPAT; 08:01
titanium.clm. EUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB
L29 {{163 ii(source or drain) same contact same EUS-PGPUB; OR ON 2019/09/25
germanide same titanium MUSPAT; 08:01
{USOCR;
FPRS;
EPO; JPO;
IDERWENT;
§IBM_TDB
L30 {45 (source or drain) same contact same EUS-PGPUB; OR ON 2019/09/25
germanide same titanium same trench HUSPAT; 08:02
JUSOCR;
\FPRS;
\EPO; JPO;
UDERWENT;
IBM_TDB
L31 jj22 (source or drain) same contact same US-PGPUB; HOR ON 2019/09/25
germanide same titanium same trench and {JUSPAT; 08:03
glass.in. JUSOCR,;
\FPRS;
{EPO; JPO;
\IDERWENT;
IBM_TDB
L32 {21 (source or drain) same contact same EUS-PGPUB; OR ON 2019/09/25
germanide same titanium same trench JUSPAT; 08:04
same resistance and glass.in. HUSOCR;
\iFPRS;
{EPO; JPO;
\IDERWENT;
{IBM_TDB
L33 {10 (source or drain) same contact same EUSPAT OR ON 2019/09/25
germanide same titanium same trench 08:05
““““““““““““““ same resistance and glass.in.
L34 ii6 (source or drain) same contact same EUSPAT OR ON 2019/09/25
germanide same titanium same trench 08:07
same resistance and glass.in. and
germanide.clm.
L35 {20 (glass or murthy or thani).in. and (intel.as. jUS-PGPUB;}{{OR ON 2019/09/25
or intel.aanm.) and germanide.clm. USPAT; 08:10
USOCR;
FPRS;
EPO; JPO;
DERWENT;
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L36

JiBM_TDB

"20130240989"

\lUS-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
MEPO; JPO;
\DERWENT;
yIBM_TDB

OR

ON

2019/09/25
08:11

L37

"6653700".pn.

{US-PGPUB;
HUSPAT;
JUSOCR;
JFPRS;
EPO; JPO;
YDERWENT;
§IBM_TDB

OR

ON

2019/09/25
08:11

L38

(glass or murthy or thani).in. and (intel.as.

or intel.aanm.) and germanide.cim. and
gradient.clm.

JUS-PGPUB;
MUSPAT;
JUSOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:13

L39

(glass or murthy or thani).in. and (intel.as.

or intel.aanm.) and germanide.clm. and
gradient

{US-PGPUB;
YUSPAT;
JUSOCR;
FPRS;
\EPO; JPO;
YDERWENT;
\IBM_TDB

OR

ON

2019/09/25
08:13

L40

"20030057416"

US-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
EPO; JPO;
YDERWENT;
§{IBM_TDB

OR

ON

2019/09/25
08:15

L41

"20080242037"

{US-PGPUB;
JUSPAT;
{JUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:15

L42

20

(glass or murthy or thani).in. and (intel.as.

or intel.aanm.) and germanide.clm. and
graded

{US-PGPUB;
JUSPAT;
JUSOCR;
JFPRS;
{EPO; JPO;
ADERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:19

L43

14

(glass or murthy or thani).in. and (intel.as.

or intel.aanm.) and germanide.clm. and
graded.clm.

{US-PGPUB;
MUSPAT;
§USOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
JIBM_TDB

OR

ON

"6607648"

{US-PGPUB;
JUSPAT;
§USOCR;
JFPRS;

OR

ON

2019/09/25
08:19

2019/09/25
08:23
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JEPO; JPO;
DERWENT;
{1BV_TDB

L45

160

"6607948" JUS-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
\EPO; JPO;

YDERWENT;

N
N

N
3

OR

ON

2019/09/25
08:24

L46

"6607948".pn. JUS-PGPUB;
JUSPAT;
JUSOCR;
JFPRS;
JEPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:24

L61

293

(US-20120153387-$ or US-20170012124-$ {{US-PGPUB;
or US-20150206942-$ or US-20130248999- JUSPAT;

$ or US-20140001520-$ or US- FPRS; JPO;
20170047419-$ or US-20130240989-$ or  |DERWENT
US-20150060945-$ or US-20150333180-$
or US-20160322359-$ or US-20070187767-
$ or US-20160190233-$ or US-
20130277752-$ or US-20090224369-$ or
US-20150311204-$ or US-20160118384-$
or US-20160372547-$ or US-20100244154-
$ or US-20130034931-$ or US-
20090194846-$ or US-20020042197-$ or
US-20030057416-$ or US-20040266116-$
or US-20040262594-$ or US-20080242037-
$ or US-20150372142-$).did. or (US-
20150364561-$ or US-20150155359-$ or
US-20100320606-$ or US-20090224368-$
or US-20080197412-$ or US-20170077244-
$ or US-20090206370-$ or US-
20160358826-$ or US-20060156080-$ or
US-20170117277-$ or US-20080135878-$
or US-20080124878-$ or US-20130207166-
$ or US-20160104673-$ or US-
20170221724-$ or US-20090224256-$ or
US-20130264639-$ or US-20090189189-$
or US-20160336446-$ or US-20050130454-
$ or US-20070262296-$ or US-
20140159159-$ or US-20130187171-$ or
US-20170352597-$ or US-20080217658-$
or US-20170213889-$ or US-20130320449-
$).did. or (US-20130320450-$ or US-
20060166492-$ or US-20150108546-$ or
US-20160163815-$ or US-20130264613-$
or US-20080119025-$ or US-20120119268-
$ or US-20170373147-$ or US-
20160111537-$ or US-20160211338-$ or
US-20090090934-$ or US-20150008490-$
or US-20160064563-$ or US-20160020305-
$ or US-20130154016-$ or US-
20150236016-$ or US-20140264492-$ or
US-20180190653-$ or US-20160254383-$
or US-20160240681-$ or US-20160240534-
$ or US-20160155668-$ or US-
20160148936-$ or US-20160087063-$ or
US-20160087062-$ or US-20160086946-$
or US-20160056290-$).did. or (US-

OR

ON

2019/09/25
08:26
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20150380558-$ or US-20150318354-% or
US-20140363943-$ or US-20150295084-$
or US-20150279840-$ or US-20150069473-
$ or US-20140306290-$ or US-
20140103429-$ or US-20130313524-% or
US-20130270652-$ or US-20130241004-$
or US-20130200454-$ or US-20120068273-
$ or US-20100148217-$ or US-
20120001197-$ or US-20110089493-% or
US-20110062443-$ or US-20100078728-$
or US-20040063286-$ or US-20070196973-
$ or US-20050266645-$ or US-
20050116218-$ or US-20050045965-$ or
US-20040198003-$ or US-20180174913-$
or US-20180145184-$ or US-20180108727-
$).did. or (US-20180096885-$ or US-
20180090582-$ or US-20180076203-$ or
US-20180068904-$ or US-20170194434-$
or US-20170186748-$ or US-20170179301-
$ or US-20170154990-$ or US-
20170141235-$ or US-20170141199-$ or
US-20170117291-$ or US-20170104101-$
or US-20170053918-$ or US-20160380056-
$ or US-20160359022-$ or US-
20160358940-$ or US-20150295089-% or
US-20160322479-$ or US-20180053763-$
or US-20180047824-$ or US-20180005904-
$ or US-20170243868-$ or US-
20170005173-$ or US-20150129891-% or
US-20170229342-$ or US-20130285155-$
or US-20090142899-%).did. or (US
20080242012-$ or US-20090035911-$% or
US-20180076326-$ or US-20160087078-$
or US-20160005825-$ or US-20140167164-
$ or US-20080265417-$ or US-
20080116532-$ or US-20080029836-$ or
US-20160027918-$ or US-20160293717-$
or US-20090273034-$ or US-20170352759-
$ or US-20030006484-$ or US-
20040251473-$ or US-20070122954-$ or
US-20030124761-$ or US-20120161249-$
or US-20080311710-$ or US-20070164388-
$ or US-20050237602-$ or US-
20190259861-$ or US-20180315647-$ or
US-20180315618-$ or US-20190035916-$
or US-20180248011-$ or US-20140027823-
$).did. or (US-20190259835-$ or US-
20190165135-$ or US-20190165156-$ or
US-20140070377-$ or US-20120037998-%
or US-20110147828-$ or US-20100109044-
$ or US-20070275548-$ or US-
20140231914-$ or US-20110183486-% or
US-20110068407-$ or US-20100197092-$
or US-20100123198-$ or US-20090302348-
$ or US-20090075029-$ or US-
20080230805-$ or US-20080179752-$% or
US-20080054347-$ or US-20070235802-$
or US-20070075378-$ or US-20070053381-
$ or US-20070004123-$ or US-
20060289856-$ or US-20060255330-$ or
US-20060237746-$ or US-20060199622-$
or US-20060172511-$).did. or (US
20060148151-$ or US-20060138398-$ or
US-20060065914-$ or US-20060060859-$
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or US-20050184354-$ or US-20050145944-
$ or US-20020197806-$ or US-
20180068857-$ or US-20180083114-$ or
US-20190259756-$% or US-20190259755-$
or US-20190067280-$ or US-20130189839-
$).did. or (US-9484432-$ or US-8994104-$
or US-8901537-$ or US-9117791-$ or US-
9349810-% or US-9059024-$ or US-
9224735-$ or US-9437691-$ or US-
7880228-$ or US-5144410-$ or US-
7732285-$ or US-5296387-$ or US-
9397214-$ or US-9627384-$ or US-
9722023-$ or US-9449885-$ or US-
5656859-$ or US-7821044-$ or US-
8575652-$ or US-9859424-$ or US-
5516724-$ or US-9768077-$ or US-
5214298-$ or US-4611388-$ or US-
7238580-$ or US-8299455-$).did. or (US-
9679961-% or US-9966440-$ or US-
9553031-$ or US-9978868-$ or US-
9966471-$ or US-9905646-$ or US-
9825036-$ or US-9793400-$ or US-
9711417-$% or US-9698060-$ or US-
9391171-$ or US-9379108-$ or US-
9209261-$ or US-9917060-$ or US-
9484255-$ or US-5710450-$ or US-
6239029-$ or US-9754940-$ or US-
9722082-$ or US-5644166-$ or US-
6828602-$ or US-6939772-$ or US-
10276400-$ or US-5725573-$ or US-
10304927-$ or US-10297670-$ or US-
7491643-%).did. or (US-6887762-$ or US-
7682887-$ or US-7678631-$ or US-
7663192-$ or US-9837357-$ or US-
9059316-$ or US-9059096-$ or US-
10236217-$ or US-9934977-$ or US-
10056379-$ or US-10170308-$ or US-
6653700-%).did. or (KR-20030057416-$ or
WO-2012087403-$ or CN-103270598-$ or
EP-2656393-$% or KR-20130111595-$ or EP-
2656393-$ or KR-101489611-$ or JP-
5644166-$ or KR-100976119-$ or KR-
20090056763-$).did. or (JP-2013207231-
$).did. or (US-9117791-$ or WO-
2009101449-$ or WO-03025984-$ or US-
20080242037-$ or US-20070187767-$ or
US-5281552-$ or US-20070007590-$ or US-
20150108546-$ or US-20120119297-$ or
US-20120153387-$% or US-20160322359-$
or JP-2011225936-$ or US-20070122954-$
or EP-867701-$ or US-20090218640-
$).did.

L63

51

161 and germanide near10 (ti or titanium)

2019/09/25
08:26

{US-PGPUB; jOR ON
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
IDERWENT;

§IBM_TDB

L64

51

161 and germanide near10 (ti or titanium)

OR ON 2019/09/25

08:26

{US-PGPUB;
JUSPAT;
JUSOCR;
FPRS;
4EPO; JPO;

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 8:38:05 AM]

Page 277 of 348




EAST Search History

§DERWENP
{IBM_TDB

L65

161 and germanide near10 (ti or
titanium).clm. and (graded or
gradient).clm.

US-PGPUB;
HUSPAT;
JUSOCR;
FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:28

L66

I61 and germanide same (ti or
titanium).clm. and (graded or
gradient).clm.

{US-PGPUB;
JUSPAT;
{USOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:28

L67

161 and germanide same (ti or
titanium).clm. and (graded or
gradient).clm. and boron.clm.

US-PGPUB;
JUSPAT;
JUSOCR;
JFPRS;
AEPO; JPQ;
\IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:28

L68

I61 and germanide same (ti or
titanium).clm. and boron.cim.

§US-PGPUB;
JUSPAT;
§USOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
§IBM_TDB

OR

ON

2019/09/25
08:29

L69

161 and germanide same (ti or titanium)
same boron.clm.

{US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:29

L70

27

|61 and germanide same (ti or titanium)
same boron

{US-PGPUB;
HUSPAT;
{USOCR;
FPRS;
JEPO; JPO;
ADERWENT;
\IBM_TDB

OR

ON

"2008242037"

{US-PGPUB;
YUSPAT;
YUSOCR;
\FPRS;
{EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:29

2019/09/25
08:31

L72

"20082042037"

\US-PGPUB;
JUSPAT;
JUSOCR;
FPRS;
{EPO; JPO;
IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:32

L73

"2008242037".pn.

Page 278 of 348

§US-PGPUB;
HUSPAT;
YUSOCR;

OR

ON

2019/09/25
08:32

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 8:38:05 AM]




EAST Search History

JFPRS;
YEPO; JPQ;
ADERWENT;
{IBM_TDB

L74

25

"2008242037"

JUS-PGPUB;
MUSPAT;
§USOCR;
\FPRS;
\EPO; JPO;
UDERWENT;
IBM_TDB

OR

ON

2019/09/25
08:33

L75

"20080242037"

JUS-PGPUB;
JUSPAT;
JUSOCR;
FPRS;
EPO; JPO;
IDERWENT;
JIBM_TDB

OR

ON

2019/09/25
08:33

L76

39

"2007187767"

{US-PGPUB;
USPAT;
JUSOCR;
JFPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:34

L77

"2007187767".pn.

JUS-PGPUB;
YUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:34

L78

"20070187767".pn.

§US-PGPUB;
JUSPAT;
YUSOCR;
FPRS;
\[EPO; JPO;
\IDERWENT;
{/BM_TDB

OR

ON

2019/09/25
08:35

L79

"20030057416".pn.

{US-PGPUB;
YUSPAT;
USOCR;
\FPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:36

L80

11

pre-contact near metallization

JUS-PGPUB;
JUSPAT;
USOCR;
\FPRS;
\EPO; JPO;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:36

L81

"20060156080"

{US-PGPUB;
JUSPAT;
JUSOCR;
\FPRS;
{EPO; JPO;
ADERWENT;
\IBM_TDB

OR

ON

2019/09/25
08:37

Page 279 of 348

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 8:38:05 AM]




EAST Search History

9/25/2019 8:38:01 AM
C:\ Users\ ferdem\ Documents\ EAST\ Workspaces\ 16416445_case.wsp

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 8:38:05 AM]

Page 280 of 348



Receipt date: 08/02/2019

16/416,445 ~ GAU:

Substitute for form 1448A/PTO

[Complete if Known

Application Number 16/416,445

INFORMATION DISCLOSURE | Filing Date May 20, 2019
STATEMENT BY APPLICANT | First Named Inventor Glenn A. GLASS, et al.
(Use as many sheets as necessary) Group Art Un It 2826
Examiner Name N/A
Sheet 10f3 Attorney Docket No: P38507USC2-C1
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear
US-5,312,766 05-17-1994 Sheldon Aronowitz et al.
US-5,296,387 03-22-1994 Sheldon Aronowitz et al.
US-5,296,386 03-22-1994 Sheldon Aronowitz et al.
UsS-7,821,044 10-26-2010 Mark T. Bohr et al.
US-8,575,652 11-05-2013 Yoshiki Kamata
US-7,221,006 05-22-2007 Marius Orlowski et al.
US-7,732,285 06-08-2010 Intel Corporation
US-7,880,228 02-01-2011 Toshiba Corp.
US-7,683,362 03-23-2010 Fujitsu Ltd.
US-7,667,227 02-23-2010 Fujitsu Ltd.
US-20030057416 03-27-2003 Matthew Currie
US-20050130454 06-16-2005 Anand Murthy et al.
US-20050184354 08-25-2005 Chu et al.
US-20060156080 07-13-2006 John P. Tellkamp et al
US-20060237746 10-26-2006 Marius Orlowski et al.
US-20060255330 11-16-2006 Chen et al.
US-20070187767 08-16-2007 Yasutake, Nobuak
US-20070238236 10-11-2007 Ted Cook Jr. et al.
US-20070275548 11-29-2007 Lavoie et al.
US-20080135878 06-12-2008 Kim et al.
US-20080179752 07-31-2008 Takashi Yamauchi et al.
US-20080197412 08-21-2008 Zhang et al.
US-20080242037 10-02-2008 Bernhard Sell et al.
US-20090224369 09-10-2009 Harold Samuel Gamble et al.
US-20100148217 06-17-2010 Danielle Simonelli
US-20110062498 03-17-2011 Frank Yang et al.
US-20110068407 03-24-2011 Chih Chieh Yeh et al.
US-20120007051 01-12-2012 Sarunya Bangsaruntip et al.
US-20120037998 02-16-2012 Bedell et al.
US-20130240989 09-19-2013 Glenn Glass et al.
US-20140070377 03-13-2014 Yu et al.

/FAZLI ERDEM/
EXAMINER

09/25/2019
DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.E/

Page 281 of 348

2826



Receipt date:

08/02/2019

16/416,445 ~ GAU:

Substitute for form 1448A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number 16/416,445

Filing Date May 20, 2019

First Named Inventor Glenn A. GLASS, et al.

Group Art Unit 2826

Examiner Name N/A

Sheet 20f 3

Attorney Docket No: P38507USC2-C1

FOREIGN PATENT DOCUMENTS

Examiner
Initials*

Cite
No '

Foreign Patent Document

Country Code/Number/Kind Code

Publication Date
MM-DD-YYYY

Name of Patentee or Applicant of

(if known) cited Document

Pages, Columns, Lines,
Where Relevant Passages
or Relevant Figures Appear

T2

JP-2007-165665

06-28-2007 Renesas Tech Corp

WO 2010-068530

06-17-2010 Intel Corporation

JP-2007-214481

08-23-2007 | Toshiba Corp

CN-101622690

01-06-2010 Intel Corporation

JPH-07-169958

07-04-1995 NEC Corp

JPH-05-183160

07-23-1993 | Toshiba Corp

JP-2007-318132

12-06-2007 IBM

JP-2007-036205

02-08-2007 Fujitsu Ltd.

JP-2006-186240

07-13-2006 Fujitsu Ltd.

JP-2012-510720

05-10-2012 Intel Corporation

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner
Initials*

Cite
No !

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item {book,
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.

International Search Report and Written Opinion for International Patent Application
No. PCT/US11/054198 (Attorney Docket No. P38507PCT) mailed April 19, 2012, 13

Pgs.

International Preliminary Report Patentability for International Patent Application No.
PCT/US11/054198 (Attorney Docket No. P38507PCT) mailed July 4, 2013, 9 pgs.

Office Action for Korean Patent Application No. 2013-7016072 (Attorney Docket No.
P38507KR) mailed May 23, 2014, 4 pgs., with English translation

Notice of Allowance for Korean Patent Application No. 2013-7016072 (Attorney
Docket No. P38507KR) mailed November 13, 2014, 3 pgs., with English translation.

Office Action for Japanese Patent Application No. 2013-546134 (Attorney Docket No.
P38507JP) mailed August 26, 2014, 4 pgs. of English translation and 3 pgs. with no
translation.

Notice of Allowance for Japanese Patent Application No. 2013-546134 (Attorney
Docket No. P38507JP) mailed February 10, 2015, 3 pgs., no translation.

Extended European Search Report for European Patent Application No. 11852027.9
(Attorney Docket No. P38507EP) mailed August 11, 2014, 14 pgs.

"Metal/Semi conductor Ohmic Contacts Technology or Gate Length Series
Resistance (ohms)", 1997, XP055127433, Retrieved from the Internet:
URL:http://web.stanford.edu/class/ee311/NO TES/Ohmic_Contacts.pdf [retrieved on
2014-07-08] the whole document

EXAMINER

/FRZLI ERDEM/

DATE CONSIDERED

09/25/201¢

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)

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

applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALIL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.E/

Page 282 of 348

2826



Receipt date: 08/02/2019 16/416,445 - GAU: 2826

Substitute for form 1448A/PTO Complete if Known
Application Number 16/416,445
INFORMATION DISCLOSURE | Filing Date May 20, 2019
STATEMENT BY APPLICANT | First Named Inventor Glenn A. GLASS, etal.
(Use as many sheets as necessary) Group Art Unlt 2826
Examiner Name N/A
Sheet 3 0f 3 Attorney Docket No: P38507USC2-C1

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No ! country where published.

Office Action for European Patent Application No. 11852027.9 (Attorney Docket No.
P38507EP) mailed October 12, 2015, 4 pgs.

First Office Action for Chinese Patent Application No. 201180062116.2 (Attorney
Docket No. P38507CN) mailed May 5, 2015, 6 pgs., no translation

Second Office Action for Chinese Patent Application No. 201180062116.2 (Attorney
Docket No. P38507CN) mailed October 20, 2015, 3 pgs., no translation

Notice of Allowance for Chinese Patent Application No. 201180062116.2 (Attorney
Docket No. P38507CN) mailed February 26, 2016, 4 pgs., with English translation X
First Office Action for Chinese Patent Application No. 201610313170.4 (Attorney
Docket No. P38507CN-D) mailed May 4, 2018, 6 pgs., no translation

Second Office Action for Chinese Patent Application No. 201610313170.4 (Attorney
Docket No. P38507CN-D) mailed December 3, 2018, 5 pgs., no translation

Third Office Action for Chinese Patent Application No. 201610313170.4 (Attorney
Docket No. P38507CN-D) mailed April 10, 2019, 4 pgs., no translation

EXAMINER /FAZLI ERDEM/ DATE CONSIDERED 09/25/2018

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.E/

Page 283 of 348



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1
CONFIRMATION NO. 5347
31817 PUBLICATION NOTICE

SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600 N AT D AU AR
0 24849

Portland, OR 97204 00000 5

Title:CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT
METALIZATION

Publication No.US-2019-0341464-A1
Publication Date:11/07/2019

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

Page 284 of 348



Under the Paperwork Reduction Act of 1995, no persons are req

ired to respond to a collection of informa

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

tion unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Aeplication or Docket Number | Fiing Date
Substitute for Form PTO-875 16/416,445 05/20/2019 (J7o be Mailed
ENTITY: LARGE [J smaLL [(J micro
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BasiC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
] sEARCH FEE
(37 GFR 1.16(K), (i), or (m)) N/A N/A N/A
[J EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) NIA NiA N/A
TOTAL CLAIMS ) .
(37 CFR 1.16(i)) minus 20 = x 3100 -
INDEPENDENT CLAIMS ‘ B
(37 CFR 1.16(h)) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
D/C\:IT:;LI?%ION SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[CJ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
- 12/30/2019 ;{E#"EAF:MNG gg’l\EA\IBE)TJSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
=| e 20 Mins |+ 20 -0 x $100 - 0
E Independent | 3 Minus | **3 =0 x $460 - 0
< | U Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RE/';"F"}'E';‘NG PRNEL\J/'\IAC?LIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE (§)
'E AMENDMENT PAID FOR
L | Total * i x - -
= | 37CFR1.160) Minus — X $ 0 -
2 | Independent . : . — _
E 370»% L16(n) Minus — X $ 0 -
E Application Size Fee (37 CFR 1.16(s))
] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
“* If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /JACKIE A WHITE/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, 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.
1/f you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Page 285 of 348



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Glen A. GLASS Examiner: Erdem, Fazli
Application No.: 16/416,445 Art Unit: 2826
Filed: May 20, 2019 Confirmation No.: 5347
For: CONTACT RESISTANCE
REDUCTION EMPLOYING

GERMANIUM OVERLAYER PRE-
CONTACT METALIZATION

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

RESPONSE

Dear Sir:
This is in response to the Office Action mailed September 30, 2019. Applicant
respectfully requests the Examiner to enter the following response and consider the

following remarks.

The Listing of Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 8 of this paper.
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Amendment to the Claims:

This listing of claims will replace all prior versions and listings of claims in the

application.

Listing of Claims:

1.-9. (Canceled)

10. (Previously Presented) An integrated circuit structure, comprising:
a fin comprising silicon;
a gate electrode over the fin;

a first source or drain region in the fin proximate a first side of the gate electrode,
the first source or drain region comprising two or more facets and a top surface, wherein
the first source or drain region comprises silicon and germanium having a germanium

concentration graded to a concentration in excess of 50%;

a first germanide layer over the top surface of the first source or drain region, the

first germanide layer comprising silicon, germanium and titanium,

a second source or drain region in the fin proximate a second side of the gate
electrode opposite the first side, the second source or drain region comprising two or
more facets and a top surface, wherein the second source or drain region comprises
silicon and germanium having a germanium concentration graded to a concentration in

excess of 50%; and

a second germanide layer over the top surface of the second source or drain

region, the second germanide layer comprising silicon, germanium and titanium.

App. No. 16/416,445 2 Examiner: Erdem, Fazli
Docket No. P38507USC2-C1 Art Unit: 2826
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11. (Previously Presented) The integrated circuit structure of claim 10, wherein the

first and second source or drain regions have a boron concentration greater than 1E20.

12. (Previously Presented) The integrated circuit structure of claim 10, wherein the
first and second source or drain regions have a boron concentration graded from a base

level to a concentration in excess of 1E20.

13. (Previously Presented) The integrated circuit structure of claim 10, wherein the

fin comprises a strained channel between the first and second source or drain regions.

14. (Previously Presented) The integrated circuit structure of claim 10, wherein the

first and second source or drain regions are P-type.

15. (Previously Presented) An integrated circuit structure, comprising:
a body comprising silicon;
a gate electrode over the body;

a first source or drain region in the body proximate a first side of the gate
electrode, the first source or drain region comprising two or more facets and a top
surface, wherein the first source or drain region comprises silicon and germanium having

a germanium concentration graded to a concentration in excess of 50%;

a first germanide layer over the top surface of the first source or drain region, the

first germanide layer comprising silicon, germanium and titanium;
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a second source or drain region in the body proximate a second side of the gate
electrode opposite the first side, the second source or drain region comprising two or
more facets and a top surface, wherein the second source or drain region comprises
silicon and germanium having a germanium concentration graded to a concentration in

excess of 50%; and

a second germanide layer over the top surface of the second source or drain

region, the second germanide layer comprising silicon, germanium and titanium.

16. (Previously Presented) The integrated circuit structure of claim 15, wherein the

first and second source or drain regions have a boron concentration greater than 1E20.

17. (Previously Presented) The integrated circuit structure of claim 15, wherein the
first and second source or drain regions have a boron concentration graded from a base

level to a concentration in excess of 1E20.

18. (Previously Presented) The integrated circuit structure of claim 15, wherein the

body comprises a strained channel between the first and second source or drain regions.

19. (Previously Presented) The integrated circuit structure of claim 15, wherein the

first and second source or drain regions are P-type.

20. (Previously Presented) A computing device, comprising:
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a board; and

a component coupled to the board, the component including an integrated circuit

structure, comprising:
a fin comprising silicon;
a gate electrode over the fin;

a first source or drain region in the fin proximate a first side of the gate
electrode, the first source or drain region comprising two or more facets and a top
surface, wherein the first source or drain region comprises silicon and germanium

having a germanium concentration graded to a concentration in excess of 50%;

a first germanide layer over the top surface of the first source or drain

region, the first germanide layer comprising silicon, germanium and titanium;

a second source or drain region in the fin proximate a second side of the
gate electrode opposite the first side, the second source or drain region comprising
two or more facets and a top surface, wherein the second source or drain region
comprises silicon and germanium having a germanium concentration graded to a

concentration in excess of 50%; and

a second germanide layer over the top surface of the second source or
drain region, the second germanide layer comprising silicon, germanium and

titanium.

21.  (Previously Presented) The computing device of claim 20, further comprising:

a memory coupled to the board.

App. No. 16/416,445 5 Examiner: Erdem, Fazli
Docket No. P38507USC2-C1 Art Unit: 2826

Page 290 of 348



22.

23.

24.

25.

26.

27.

(Previously Presented) The computing device of claim 20, further comprising:

a communication chip coupled to the board.

(Previously Presented) The computing device of claim 20, further comprising:

a camera coupled to the board.

(Previously Presented) The computing device of claim 20, further comprising:

a global positioning system coupled to the board.

(Previously Presented) The computing device of claim 20, further comprising:

a battery coupled to the board.

(Previously Presented) The computing device of claim 20, further comprising:

an antenna coupled to the board.

(Previously Presented) The computing device of claim 20, wherein the

component is a packaged integrated circuit die.
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28. (Previously Presented) The computing device of claim 20, wherein the
component is selected from the group consisting of a processor, a communications chip,

and a digital signal processor.

29.  (Previously Presented) The computing device of claim 20, wherein the
computing device is selected from the group consisting of a mobile phone, a laptop, a

desk top computer, a server, and a set-top box.
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REMARKS

Claim Rejection — 35 U.S.C. § 112

Claims 10-29 are rejected under 35 U.S.C. § 112(a) and 35 U.S.C. § 112, first
paragraph, as failing to comply with the written description requirement.

With respect to the claims limitations, “the first source or drain region
comprising two or more facets,” the Examiner indicates “FExaminer does not understand
where the “‘facets” are located with respect to the source/drain regions.” (See Office
Action, Page 3, Section 5.) In response, Applicant provides below an annotated version
of Figure 6 of Applicant’s specification. In the annotated version of Figure 6, two
exemplary but non-limiting locations for facets for a first source or drain region are
indicated. It is to be appreciated that reciprocal exemplary but non-limiting locations for

facets for a second source or drain region would similarly be located on the opposite side

of gate electrode 640.
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Two exemplary but non-limiting
locations for facets for a first
source or drain region.

Annotated Figure 6 of Applicant’s specification.

Thus, contrary to the Examiner’s statements in the Office Action, Applicant’s
original specification as filed provides clear support for the claim limitations “the first
source or drain region comprising two or more facets,” and “the second source or drain
region comprising two or more facets.” Accordingly, Applicant respectfully requests that

the Examiner remove the rejection of the claims.
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REMARKS

The Examiner is respectfully requested to contact the undersigned by telephone if
it is believed that such contact would further the examination of the present application.

Pursuant to 37 C.F.R. 1.136(a)(3), the Applicant(s) hereby request and authorize
the U.S. Patent and Trademark Office to (1) treat any concurrent or future reply that
requires a petition for extension of time as incorporating a petition for extension of time
for the appropriate length of time and (2) charge all required fees, including extension of
time fees and fees under 37 C.F.R. 1.16 and 1.17, to Deposit Account No. 50-0393.

Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

December 30, 2019 /Michael A. Bernadicou/

Date Michael A. Bernadicou
Reg. No. 35,934

1211 SW 5 Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900
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THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
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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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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)

31817 7590 03/02/2020 Certificate of Mailing or Transmission
SCHWABE. WILLIAMSON & WYATT. P.C I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ . o States Postal Service with sufficient postage for first class mail in an envelope
1211 SW 5th Avenue, Suite 1600 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Portland, OR 97204 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1 5347
TITLE OF INVENTION: CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT METALIZATION
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 06/02/2020

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ERDEM, FAZLI 2826 257-190000
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

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 up to 2

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

|55}

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 (J Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
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fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
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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,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid 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. 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 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)
) B 16/416,445 GLASS et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
FAZLI ERDEM 2826 No

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

1.4} This communication is responsive to Response filed on 12/30/2019.
((} 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 10-29 . 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) JJAIl b) JSome  *c) J None of the:
1. (O Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J 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.

(O 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..J 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. I¥] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 1/23/2020.

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

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

/FAZLI ERDEM/
Primary Examiner, Art Unit 2826

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200220
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Application/Control Number: 16/416,445 Page 2
Art Unit: 2826

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.
Response to Arguments
2. Applicant’s arguments, filed on 12/30/2019, with respect to 35 USC 112 rejection
on claims 10-29 (particularly see arguments on pages 8 and 9 of the remarks filed on
12/30/2019) have been fully considered and are persuasive. The 35 USC 112 rejeciton
issued on 9/30/20190 has been withdrawn.

Allowable Subject Matter

3. Claims 10-29 are allowed.
4. The following is an examiner’s statement of reasons for allowance:
5. Regarding Claim 10, prior art failed to disclose or fairly suggest an integrated

circuit structure, comprising, along with other recited claim limitations, first and second
germanide layers and graded germanium concentration in excess of 50% where a first
source drain region in the fin proximate a first side of the gate electrode, the first source
or drain region comprising two or more facets and a top surface. Claims 11-14 depend
from claim 10 and hence are allowed for the same reason therein.

6. Regarding Claim 15, prior art failed to disclose or fairly suggest an integrated
circuit structure, comprising, along with other recited claim limitations, first and second
germanide layers and graded germanium concentration in excess of 50% where a first

source drain region in the fin proximate a first side of the gate electrode, the first source
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Application/Control Number: 16/416,445 Page 3
Art Unit: 2826

or drain region comprising two or more facets and a top surface. Claims 16-19 depend
from claim 15 and hence are allowed for the same reason therein.

7. Regarding Claim 20, prior art failed to disclose or fairly suggest an integrated
circuit structure, comprising, along with other recited claim limitations, first and second
germanide layers and graded germanium concentration in excess of 50% where a first
source drain region in the fin proximate a first side of the gate electrode, the first source
or drain region comprising two or more facets and a top surface. Claims 21-29 depend
from claim 20 and hence are allowed for the same reason therein.

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.”

8.

Conclusion
9. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to FAZLI ERDEM whose telephone number is (571)272-
1914. The examiner can normally be reached on M-F, 8am-5pm.
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.
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Application/Control Number: 16/416,445 Page 4
Art Unit: 2826

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Davienne Monbleau can be reached on 571-272-1945. 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 https:/ppair-
my.uspto.gov/pair/PrivatePair. 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.

/FAZLI ERDEM/
Primary Examiner, Art Unit 2826
2/20/2020
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16/416,445 GLASS et al.
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FAZLI ERDEM 2826
CPC - Searched*
Symbol Date Examiner
HO01L29/45 2/20/2020 FE
HO01L21/28518 2/20/2020 FE
HO01L29/785 2/20/2020 FE
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner
257 190 2/20/2020 FE

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

the search.
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Application/Control No.

Applicant(s)/Patent Under Reexamination

16/416,445 GLASS et al.
RMAREANDI [~

FAZLI ERDEM 2826
Search Notes
Search Notes Date Examiner
Inventors are searched 9/25/2019 FE
Assignee is searched 9/25/2019 FE
Searched HO1L29/45 limited with text 9/25/2019 FE
EAST Search History is attached 9/25/2019 FE
Inventors are searched 2/20/2020 FE
Assignee is searched 2/20/2020 FE
Searched 257/190 limited with text 2/20/2020 FE
Searched H01L29/45 limited with text 2/20/2020 FE
Searched H01L21/28, 28518 limited with text 2/20/2020 FE
Searched H01L29/66, 78, 785,. 7851 limited with text 2/20/2020 FE
Interference search is conducted 2/20/2020 FE
Updated EAST Search History is attached 2/20/2020 FE
Interference Search
g?r:tljzfs/CPC US Subclass/CPC Group Date Examiner
HO1L21 28, 28518 2/20/2020 FE
HO1L29 66, 78, 785, 7851 2/20/2020 FE
HO1L29 45 2/20/2020 FE
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i¢416.445 GLASS et al.
H “ ‘H“ Examiner Art Unit

FAZLI ERDEM 2826
CPC
Symbol Type Version
HO1L F 2013-01:01
HO1L | 201130101
HO1L | 2013-01-01
HO1L | 2013-01:01
HO1L I 2013-01-01
HO1L [ 2013-01-01.
HO1L | 20:13:01=01
HO1L | 2013:01:01:
HO1L | 2013-01-01:
HO1L | 2013-01-01
HO1L | 2013-01-01.
HO1L | 2013-01-01:
HO1L I 2013:01-01
HO1L | 2013-01:01
HO1L I 2013:01-01
HO1L | 2013-01:01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 20

/FAZLI ERDEM/
Primary Examiner, Art Unit 2826

(Primary Examiner)

20 February 2020

(Date)

O.G. Print Claim(s)

10

O.G. Print Figure
6
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i¢416.445 GLASS et al.

H “ “ “‘ Examiner Art Unit
FAZLI ERDEM 2826

INTERNATIONAL CLASSIFICATION
CLAIMED

HO1L

NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS
257 190

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:

(Assistant Examiner) (Date) 20

/FAZLI ERDEM/ 20 February 2020 . . -
Primary Examiner, Art Unit 2826 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 10 6
U.S. Patent and Trademark Office Part of Paper No.: 20200220
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |i¢416.445 GLASS et al.

H “ “ “‘ Examiner Art Unit
FAZLI ERDEM 2826

(0 Claims renumbered in the same order as presented by applicant [J CPA (O T.D. ([J R.1.47
CLAIMS

Final |Original|Final OriginallFinaI Original|Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original

1 10 10 19 19 28

2 11 11 20 20 29

3 12 12 21

4 13 13 22

5 14 14 23

6 15 15 24

7 16 16 25

8 17 17 26

9 18 18 27
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 20
/FAZLI ERDEM/ 20 February 2020 ) ) -
Primary Examiner, Art Unit 2826 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 10 6
U.S. Patent and Trademark Office Part of Paper No.: 20200220
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Receipt date:

01/23/2020

16/416,445 ~ GAU:

Substitute for form 1449A/PTO

Complete if Known

Application Number 16/416,445
INFORMATION DISCLOSURE | Filing Date May 20, 2019
STATEMENT BY APPLICANT | First Named Inventor Glass, et al.
(Use as many sheets as necessary) Group AI“ Unlt 2826
Examiner Name Erdem, Fazli

Sheet 1 of 1 Attorney Docket No: P38507USC2-C1
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner | Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, Lines,
Examiner | Cite | Couniry Code/Number/Kind Code | Publication Date | Name of Patentee or Applicant of | Where Relevant Passages
Initials* No * (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T2
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No 1 country where published.
/F.E/ Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed November 29, 2019, 6 pgs
/F.E/ Office Action for European Patent Application No. 11852027.9 (Attorney Docket No.
P38507EP) mailed December 12, 2019, 2 pgs.
JF.E/ Notice of Allowance for European Patent Application No. 19188924.5 (Attorney
Docket No. P38507EP-D1) mailed October 23, 2019, 2 pgs.
STANTON P. ASHBURN ET AL: FORMATION OF C54 TITANIUM
GERMANOSILICIDE USING RAPID THERMAL PROCESSING AND APPLICATION
/E.E/ TO RAISED, ULTRASHALLOW JUNCTIONS", MATERIALS RESEARCH SOCIETY
SYMPOSIUM PROCEEDINGS,vol. 320, 1 January 1993, pages 311-316,
XP055631293
EXAMINER /FAZLI ERDEM/ DATE CONSIDERED ~ 02/20/2020

Based on PTO/SB/08A(09-06) - Substitute Disclosure Statement Form (PTO-1449)

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

applicant.1 Applicant's unique citation designation number (optional) 2 Applicant is 1o place a check mark here if English language Translation is atlached
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UNITED STATES PATENT AND TRADEMARK OFFICE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

BIB DATA SHEET

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

CONFIRMATION NO. 5347

SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600

Portland, OR 97204

UNITED STATES

SERIAL NUMBER FILINSAQI_I‘E 371(c) CLASS GROUP ART UNIT ATTORNE(Y) DOCKET
16/416,445 05/20/2019 257 2826 P38507USC2-C1
RULE
APPLICANTS
INTEL CORPORATION, Santa Clara, CA;
INVENTORS
GLENN A. GLASS, Portland, OR;
ANAND S. MURTHY, Portland, OR;
TAHIR GHANI, Portland, OR;
*% CONTINUING DATA *kkhkhkkhkkkkhkkkkhkkkkkkkkkkkx
This application is a CON of 15/339,308 10/31/2016 PAT 10297670
which is a CON of 14/673,143 03/30/2015 PAT 9484432
which is a CON of 13/990,224 05/29/2013 PAT 8994104
which is a 371 of PCT/US2011/054198 09/30/2011
which is a CIP of 12/975,278 12/21/2010 PAT 8901537
*%k FOREIGN APPLICATIONS *kkkkkkkkkkhhkkhkkkhkhkhkkkkk
** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref Hits Search Query DBs Default Plurals {Time
# Operator Stamp
$1248 {209 germanide same contact.clm. US-PGPUB;{OR ON 2020/02/20
USPAT; 08:54
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1249 168 germanide same contact same US-PGPUB;OR ON 2020/02/20
source.clm. USPAT; 08:56
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S$1250 28 germanide same contact same US-PGPUB;#OR ON 2020/02/20
source.clm. and germanium near USPAT; 08:58
concentration USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1251 {21 germanide same contact same US-PGPUB;#OR ON 2020/02/20
source.clm. and germanium near USPAT; 10:57
concentration nearl0 higher USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1252 421 germanide same contact same US-PGPUB;iOR ON 2020/02/20
source.clm. and germanium near USPAT; 10:57
concentration nearl0 (greater or USOCR;
higher) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1253 421 germanide same contact same US-PGPUB;#OR ON 2020/02/20
source.clm. and germanium near USPAT; 11:00
concentration near10 (excess or USOCR;
greater or higher) FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1254 {46 germanide same contact same source {{US-PGPUB;{OR ON 2020/02/20
and germanium near concentration USPAT; 11:01
nearl0 (excess or greater or higher) {USOCR;
and fin nearl0 (facet or faceted or FPRS;
etch or etching or etched or recess or JEPO; JPO;
recessing or recessed) DERWENT;
IBM_TDB
S1255 {44 germanide same contact same source {US-PGPUB;{OR ON 2020/02/20

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory. 16416445 _AccessibleVersion.htm[3/16/2020 1:05:44 PM]
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and germanium near concentration USPAT; 11:02
nearl0 (excess or greater or higher) H{USOCR;
and fin nearl0 (facet or faceted or FPRS;
etch or etching or etched or recess or YEPO; JPO;
recessing or recessed) and contact DERWENT;
near resistance IBM_TDB
S1256 {26 germanide same contact same source {US-PGPUB;#OR ON 2020/02/20
and germanium near concentration USPAT; 11:05
nearl0 (excess or greater or higher) {USOCR;
and fin nearl0 (facet or faceted or FPRS;
etch or etching or etched or recess or $EPO; JPO;
recessing or recessed) and contact DERWENT;
near resistance and germanide.cim. IBM_TDB
$1257 12728 iglass.in. or "murthy.in" or ghani.in. US-PGPUB;OR ON 2020/02/20
USPAT; 11:16
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1258 {22362 iiglass.in. or murthy.in. or ghani.in. US-PGPUB;#OR ON 2020/02/20
USPAT; 11:16
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1259 204869 ilintel.as. or intel.aanm. US-PGPUB;OR ON 2020/02/20
USPAT; 11:17
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1260 176509 {257/190.ccls. or HO1L29/45.cpc. or US-PGPUB; #OR ON 2020/02/20
HO01L21/28.cpc. or HO1L21/28518.cpc. {USPAT; 11:19
or HO1L21/28525.cpc. or USOCR;
HO1L21/76.cpc. or HO1L21/76805.cpc. {FPRS;
or H01L21/76843.cpc. or EPO; JPO;
HO1L21/76864.cpc. or DERWENT;
HO01L21/76895.cpc. or IBM_TDB
HO01L29/0847.cpc. or HO1L9/165.cpc.
or H01L29/66.cpc. or
HO1L29/66545.cpc. or
HO01L29/66636.cpc. or
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USOCR;
FPRS;
EPO; JPO;
DERWENT;
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I ié 1 {IBM_TDB | | s
S1263 {299 S1262 and germanide US-PGPUB;{OR ON 2020/02/20
USPAT; 11:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1264 {178 S1263 and contact near resistance US-PGPUB;#OR ON 2020/02/20
USPAT; 11:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1265 {96 S1264 and (fin near5 (etch or etching {jUS-PGPUB;#OR ON 2020/02/20
or etched or recess or recessing or USPAT; 11:21
recessed)) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1266 18 S1265 and (source or drain) same US-PGPUB; {OR ON 2020/02/20
contact same (ge or germanium) samej{USPAT; 11:21
germanide.cim. USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S1267 i1 S$1265 and (source or drain) same US-PGPUB;OR ON 2020/02/20
contact same (ge or germanium) samejUSPAT; 11:23
germanide and 16/416,445 USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1268 1179574 {{257/190.ccls. or HO1L29/45.cpc. or US-PGPUB;#OR ON 2020/02/20
HO01L21/28.cpc. or HO1L21/28518.cpc. {USPAT; 11:24
or HO1L21/28525.cpc. or USOCR;
HO1L21/76.cpc. or HO1L21/76805.cpc. {FPRS;
or H01L21/76843.cpc. or EPO; JPO;
HO01L21/76864.cpc. or DERWENT;
HO01L21/76895.cpc. or IBM_TDB
HO1L29/0847.cpc. or HO1L29/165.cpc.
or H01L29/66.cpc. or
HO1L29/66545.cpc. or
H01L29/66636.cpc. or
H01L29/66795.cpc. or HO1L29/78.cpc.
or H01L29/7833.cpc. or
HO1L29/7848.cpc. or HO1L29/785.cpc.
or H01L29/7851.cpc.
$1269 399082 {51258 or S1259 or S1268 US-PGPUB;{OR ON 2020/02/20
USPAT; 11:24
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1270 435 $1269 and (source or drain) same US-PGPUB;OR ON 2020/02/20
contact same (ge or germanium) samejUSPAT; 11:24
germanide same source same fin USOCR;
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FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

$1271 y21 $1269 and (source or drain) same US-PGPUB;OR ON 2020/02/20
contact same (ge or germanium) samejUSPAT; 11:26
germanide same source same fin USOCR;
near2 (recess or recessing or recessed {FPRS;
or etch or etching or etched or facet {EPO; JPO;
or faceted) DERWENT;

\\\\\\\\\\\\\ IBM_TDB

S1272 421 S1269 and (source or drain) same US-PGPUB;{OR ON 2020/02/20
contact same (ge or germanium) sameiUSPAT; 11:26
germanide same source same fin USOCR;
nearl0 (etch or etching or etched) FPRS;
nearl0 (recess or recessing or EPO; JPO;
recessed or facet or faceted) DERWENT;

IBM_TDB

S$1273 421 S1269 and (source or drain) same US-PGPUB;#OR ON 2020/02/20
contact same (ge or germanium) samejjUSPAT; 11:27
germanide same source same fin USOCR;
nearl0 (etch or etching or etched) FPRS;
nearl0 (recess or recessing or EPO; JPO;
recessed or facet or faceted) and fin §DERWENT;
nearlQ surface IBM_TDB

S1274 0 S$1269 and (source or drain) same US-PGPUB;#OR ON 2020/02/20
contact same (ge or germanium) samejUSPAT; 11:28
germanide same source same fin USOCR;
nearl0 (etch or etching or etched) FPRS;
nearl0 (recess or recessing or EPO; JPO;
recessed or facet or faceted) and fin {DERWENT;
nearl0 surface nearl10 (facet or IBM_TDB
faceted)

S1275 40 $1269 and (source or drain) same US-PGPUB;#OR ON 2020/02/20
contact same (ge or germanium) samejUSPAT; 11:28
germanide same source same fin USOCR;
nearl0 (etch or etching or etched) FPRS;
nearl0 (recess or recessing or EPO; JPO;
recessed or facet or faceted) and fin {DERWENT;
nearl0 surface with (facet or faceted) {IBM_TDB

$1276 i1 S$1269 and (source or drain) same US-PGPUB;#OR ON 2020/02/20
contact same (ge or germanium) samejUSPAT; 11:28
germanide same source same fin USOCR;
nearl0 (etch or etching or etched) FPRS;
nearl0 (recess or recessing or EPO; JPO;
recessed or facet or faceted) and fin {DERWENT;
with surface with (facet or faceted) IBM_TDB

S1277 i1 (source or drain) same contact same {§US-PGPUB;{OR ON 2020/02/20
(ge or germanium) same germanide  {USPAT; 11:29
same source same fin nearl0 (etch or jUSOCR;
etching or etched) nearl10 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface with DERWENT;

(facet or faceted) IBM_TDB

S1278 i1 (source or drain) same contact same {jUS-PGPUB;iOR ON 2020/02/20
(ge or germanium) same germanide  {jUSPAT; 11:29
same source same fin nearl0 (etch or {USOCR;
etching or etched) nearl10 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface with DERWENT;

(facet or faceted) and IBM_TDB
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| lgermanide.ti,ab,clm. :
$1279 i1 (source or drain) same contact same {jUS-PGPUB;iOR ON 2020/02/20
(ge or germanium) same germanide  {USPAT; 11:29
same source same fin nearl0 (etch or {USOCR;
etching or etched) nearl10 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface with DERWENT;
(facet or faceted) and germanide IBM_TDB
$1280 i1 (source or drain) same contact same {US-PGPUB;{OR ON 2020/02/20
(ge or germanium) same germanide  {{USPAT; 11:30
same source same fin nearl0 (etch or jUSOCR;
etching or etched) nearl0 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface nearl0 {DERWENT;
(source or drain) IBM_TDB
$1281 0 (source or drain) same contact same {jUS-PGPUB;#OR ON 2020/02/20
(ge or germanium) same germanide {USPAT; 11:30
same source same fin nearl0 (etch or {USOCR;
etching or etched) nearl10 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin nearl0 surface DERWENT;
nearl0 (source or drain) IBM_TDB
$1282 i1 (source or drain) same contact same {jUS-PGPUB;:iOR ON 2020/02/20
(ge or germanium) same germanide  {USPAT; 11:30
same source same fin nearl0 (etch or jUSOCR;
etching or etched) nearl0 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface nearl0 §{DERWENT;
(source or drain) IBM_TDB
S$1283 i1 (source or drain) same contact same {jUS-PGPUB;{OR ON 2020/02/20
(ge or germanium) same germanide {USPAT; 11:30
same source same fin near10 (etch or jUSOCR;
etching or etched) nearl10 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface with DERWENT;
(source or drain) IBM_TDB
$1284 {10 (source or drain) same contact same {jUS-PGPUB;{OR ON 2020/02/20
(ge or germanium) same germanide {{USPAT; 11:31
and source same fin nearl0 (etch or {USOCR;
etching or etched) nearl0 (recess or {FPRS;
recessing or recessed or facet or EPO; JPO;
faceted) and fin with surface with DERWENT;
(source or drain) IBM_TDB
$1285 10 (source or drain) same contact same {jUS-PGPUB;:OR ON 2020/02/20
(ge or germanium) same germanide {USPAT; 11:31
and (source or drain) same fin near10 jUSOCR;
(etch or etching or etched) near10 FPRS;
(recess or recessing or recessed or EPO; JPO;
facet or faceted) and fin with surface {DERWENT;
with (source or drain) IBM_TDB

3/16/2020 1:05:44 PM
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EAST Search History

EAST Search History (Interference)

Ref iHits Search Query DBs Default Plurals {Time
# Operator Stamp
$1286 {7053 glass.in. or murthy.in. or ghani.in. Us- OR ON 2020/02/20
PGPUB; 11:32
USPAT
$1287 {61469 iintel.as. or intel.aanm. Us- OR ON 2020/02/20
PGPUB; 11:32
USPAT
$1288 {75650 257/190.ccls. or HO1L29/45.cpc. or us- OR ON 2020/02/20
HO01L21/28.cpc. or HO1L21/28518.cpc. or i{PGPUB; 11:33
HO1L21/28525.cpc. or HO1L21/76.cpc. or §USPAT
HO1L21/76805.cpc. or HO1L21/76843.cpc.
or H01L21/76864.cpc. or
HO1L21/76895.cpc. or HO1L29/0847.cpc.
or H01L29/165.cpc. or HO1L29/66.cpc. or
H01L29/66545.cpc. or HO1L29/66636.cpc.
or H01L29/66795.cpc. or HO1L29/78.cpc.
or H01L29/7833.cpc. or H01L29/7848.cpc.
or HO1L29/785.cpc. or HO1L29/7851.cpc.
$1289 11141692 {51286 or S1287 or S1288 Us- OR ON 2020/02/20
PGPUB; 11:33
USPAT
$1290 580 S$1289 and (germanide same (source or  {US- OR ON 2020/02/20
drain)) PGPUB; 11:33
USPAT
$1291 {192 $1289 and (germanide same (source or  {US- OR ON 2020/02/20
drain)) and fin nearl0 (source or drain) PGPUB; 11:33
USPAT
$1292 483 S$1289 and (germanide same (source or  {US- OR ON 2020/02/20
drain)) and fin near10 (source or drain)  #PGPUB; 11:34
and (ge or germanium) near10 USPAT
concentration
$1293 63 $1292 and contact near resistance us- OR ON 2020/02/20
PGPUB; 11:58
USPAT
S$1294 {44 $1293 and fin near10 (etch or etching or {US- OR ON 2020/02/20
etched) PGPUB; 11:58
USPAT

3/16/2020 1:06:41 PM
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Substitute for form 1448A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

16/416,445

Filing Date

May 20, 2019

First Named Inventor

Glass, et al.

Group Art Unit

2826

Examiner Name

Erdem, Fazli

Sheet 1 of 1

Attorney Docket No: P38507USC2-C1

US PATENT DOCUMENTS

Examiner Cite USP Document
Initial * No ' Number

Publication
or Issue Date
MM-DD-YYYY

Name of Patentee or Applicant
of cited Document

Pages, Columns,
Lines, Where Relevant
Passages or Relevant

Figures Appear

FOREIGN PATEN

T DOCUMENTS

Foreign Patent Document

Examiner | Cite | “Country Code/Number/Kind Code
Initials* No ' (if known)

Publication Date Name of Patentee or Applicant of Where Relevant Passages
cited Document

MM-DD-YYYY

Pages, Columns, Lines,

or Relevant Figures Appear | T?

OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS

Examiner Cite
Initials* No '

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.

Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket

No. P38507CN-D) mailed March 24, 2020, 12 pgs

Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed April 24, 2020, 3 pgs

EXAMINER

DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached
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Electronic Patent Application Fee Transmittal

Application Number:

16416445

Filing Date:

20-May-2019

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Filer:

Michael A. Bernadicou/Lisa Puccinelli

Attorney Docket Number:

P38507USC2-C1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—;S:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240
Total in USD ($) 240
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Electronic Acknowledgement Receipt

EFS ID: 39421942
Application Number: 16416445
International Application Number:
Confirmation Number: 5347

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Customer Number:

31817

Filer:

Michael A. Bernadicou/Lisa Puccinelli

Filer Authorized By:

Michael A. Bernadicou

Attorney Docket Number:

P38507USC2-C1

Receipt Date: 12-MAY-2020
Filing Date: 20-MAY-2019
Time Stamp: 20:33:38

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $240

RAM confirmation Number E20205BK34243962
Deposit Account 500393
Authorized User Lisa Puccinelli

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

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
o . File Si Iti
Document Document Description File Name es ze(B){tes)l Mu tl. _Pages
Number Message Digest | Part/.zip| (if appl.)
328369
P38507USC2-C1_IDS_05-12-20.
1 o yes 2
p 55c4eb02babBc95c2df000c49b03765505d|
1cf41
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Information Disclosure Statement (IDS) Form (SB08) 2 2
Warnings:
Information:
430544
) Other Reference-Patent/App/Search P38507CN-D-OA_03-24-20.pdf no 12
documents
a2b172ebf1feab0f1095a5803c945d9fa0c9
Warnings:
Information:
98832
3 Other Reference-Patent/App/Search P38507CN-D-OA_04-24-20.pdf no 3
documents
bca236e60354118fe00b14560a2c253fob7
Warnings:
Information:
30530
4 Fee Worksheet (SB06) fee-info.pdf no 2
3cfc425303a83a6b40654ebcb252ddfa1622
b489
Warnings:
Information:
Total Files Size (in bytes){ 888275
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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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( Application No. 16/41 6,445 h
INFORMATION DISCLOSURE Fiing Date | May 20, 2019
STATEMENT BY APPLICANT Fistinventor | Gilass et al
atunit | 2826
{Not for subirission under 37 CFR 1.99) Examiner Name | Erdem, Fazli
\_ Attorney Docket No. [ P38507USC2-CA1 Conf No. 5347 )
( DUTY OF DISCLOSURE STATEMENT A
in accordance with the duty of disclosure, enciosed is a copy of an information Disclosure Statement (IDS) Citation Form
PTO/SB/08 or PTO-1449, together with copies of the documents cited on that form, except for copies not required to be
submitied (e.g., copies of U.S. patents and U.S. published patent applications need not be enclosed). This IDS and IDS
Citation Form are being submitted after Allowance but prior to payment of the issue Fee. it is respectfully
requested that the cited references be considered and that the enclosed copy of PTO/SB/08 be initialed by the Examiner to
indicate such consideration and a copy thereof returned to applicant(s).
The submission of this Information Disclosure Statement is not to be construed as a representation that a search has been
made in the subject application and is not to be construed as an admission that the information cited in this statement is
material to patentability.
\ J
( CERTIFICATION STATEMENT h

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

That each item of information contained in the information disciosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not mere than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.87(e)(1).

OR

|:| That no item of information contained in the information disciosure 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 individuai
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).

OR
|:| None

The IDS Filing Fee in the amount of $240.00 as set forth in 37 CFR 1.17(p) has been submitted herewith.
m it is requested that any requisite fees be debited from Deposit Account 50-0393.

SIGNATURE

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

signature | /Michael A. Bernadicou/ Date (MM-DD-YYYY) | 05-12-2020
Name/Print | Michael A. Bernadicou Registration Number | 35934

{ hereby certify that this correspondence is being submitted efectronically via EFS Web on the date shown below.

Lisa Puccinelli [ Lisa Puccinetlif

05-12-2020

st

m or retain  benafit by the pu
Time wif vary depending upol
va 223131450 DO

22 2nd 37 GFR 114, This o o take 1 hotrts
stions for reducing this bu : ation

20 sha! he Ot nfor:
ORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box

J
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PTO/SB/47 (03-09)

Approved for use through 03/31/2012. OMB 0651-0016

U.S. Patent and Trademark Office; U. S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 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 application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent 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 Request for 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 following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Customer Number: OOO-I 97

OR

|:| The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

16/416,445

Completed by (check one):

[I Applicant/Inventor /Michael A. Bernadicou/
Signature
Attorney or Agent of record _35934 Michael A. Bernadicou
(Reg. No.) Typed or printed name
D Assignee of record of the entire interest. See 37 CFR 3.71. 503-222-9981
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number

(Form PTO/SB/96)

D Assignee recorded at Reel Frame 5/26/2020

Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one
signature is required, see below*.

* Total of _t forms are submitted.

This collection of information is required by 37 CFR 1.363. 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. 11 and 1.14. This colle ction is estimated to take 5 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, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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.

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 inspection 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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Electronic Patent Application Fee Transmittal

Application Number:

16416445

Filing Date:

20-May-2019

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER

PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Filer:

Michael A. Bernadicou/Lisa Puccinelli

Attorney Docket Number:

P38507USC2-C1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—;S:;)I 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

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1000
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Electronic Acknowledgement Receipt

EFS ID: 39532997
Application Number: 16416445
International Application Number:
Confirmation Number: 5347

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Customer Number:

31817

Filer:

Michael A. Bernadicou/Lisa Puccinelli

Filer Authorized By:

Michael A. Bernadicou

Attorney Docket Number:

P38507USC2-C1

Receipt Date: 26-MAY-2020
Filing Date: 20-MAY-2019
Time Stamp: 20:23:11

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1000

RAM confirmation Number E20205PK24020882
Deposit Account 500393
Authorized User Lisa Puccinelli

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

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y M . . 9
Number Message Digest | Part/.zip| (if appl.)
93771
P38507USC2-
1 Issue Fee Payment (PTO-85B) no 1
C1_ISSUe_Fee_05—26'20.pdf 21313b83339ab3fb25c6d 1844a0a0d8818|
24a3b
Warnings:
Information:
312408
2 Maintenance Fee Address Change M E38507USC§7 df no 2
- alntenance_ ees'p df8c464eaBbe65bd51b97535843a8e1b0d|
8a7b2
Warnings:
Information:
30386
3 Fee Worksheet (SB06) fee-info.pdf no 2
3459e3c9fac43486b194efc29386ae789510)
Warnings:
Information:
Total Files Size (in bytes){ 436565

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)

31817 7590 03/02/2020 Certificate of Mailing or Transmission

SCHWABE. WILLIAMSON & WYATT. P.C I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ . o States Postal Service with sufficient postage for first class mail in an envelope
1211 SW 5th Avenue, Suite 1600 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Portland, OR 97204 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Lisa Puccinelli (Typed or printed name)
/Lisa PuCCineHi/ (Signature)
May 26, 2020 (Date)
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1 5347

TITLE OF INVENTION: CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT METALIZATION

| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 06/02/2020
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ERDEM, FAZLI 2826 257-190000
1. Changée of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (()lr)a';g;::é)nl:saal; ll-lrf)a[[jov 31 ;egls[ered patent attorneys ) Schwabe, Williamson & Wyatt, P.C.

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 up to 2

@ o L 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)

|55}

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)
Inte] Corporation Santa Clara, CA

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

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

Xl Electronic 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. 50-0393

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 /Michael A. Bernadicou/ Date May 26, 2020
Typed or printed name Michael A. Bernadicou Registration No. 35934
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1 5347
31817 7590 05/28/2020 | EXAMINER |
SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600 ERDEM, FAZLI
Portland, OR 97204
| ART UNIT | PAPER NUMBER |
2826
| NOTIFICATION DATE | DELIVERY MODE |
05/28/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPDocketing@SCHWABE.com
intelparalegal @ schwabe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Noti Co‘f'Aac//!ed il 16/416,445 GLASS et al.
olice of Allowabilily Examiner ArtUnit | AIA (FITF) Status
FAZLI ERDEM 2826 No

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

1.4} This communication is responsive to IDS filed on 5/12/2020.
((} 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 10-29 . 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) JJAIl b) JSome  *c) J None of the:
1. (O Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J 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.

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

2. Information Disclosure Statements (PTO/SB/08), 6. [J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 5/12/2020.

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

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

/FAZLI ERDEM/
Primary Examiner, Art Unit 2826

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200525
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Receipt date:

05/12/2020

16/416,445 - GAU:

Substitute for form 1448A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

16/416,445

Filing Date

May 20, 2019

First Named Inventor

Glass, et al.

Group Art Unit

2826

Examiner Name

Erdem, Fazli

Sheet 10f1 Attorney Docket No: P38507USC2-C1
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, Lines,
Examiner Cite Country Code/Number/Kind Code Publication Date Name of Patentee or Applicant of Where Relevant Passages
Initials* No ' (if known) MM-DD-YYYY cited Document or Relevant Figures Appear | T?
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T2
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials* No ' country where published.
JF.E/ Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed March 24, 2020, 12 pgs
/F.E/ Office Action for Chinese Patent Application No. 201610313170.4 (Attorney Docket
No. P38507CN-D) mailed April 24, 2020, 3 pgs

EXAMINER

/FAZLI ERDEM/

DATE CONSIDERED

05/25/2020

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached
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Receipt date: 08/02/2019

16/416,445 ~ GAU:

Substitute for form 1448A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

[Complete if Known

Application Number

16/416,445

Filing Date May 20, 2019

First Named Inventor Glenn A. GLASS, et al.
Group Art Unit 2826

Examiner Name N/A

Sheet 10f3 Attorney Docket No: P38507USC2-C1
US PATENT DOCUMENTS
Pages, Columns,
Publication Lines, Where Relevant
Examiner Cite USP Document or Issue Date Name of Patentee or Applicant Passages or Relevant
Initial * No ' Number MM-DD-YYYY of cited Document Figures Appear
US-5,312,766 05-17-1994 Sheldon Aronowitz et al.
US-5,296,387 03-22-1994 Sheldon Aronowitz et al.
US-5,296,386 03-22-1994 Sheldon Aronowitz et al.
Us-7,821,044 10-26-2010 Mark T. Bohr et al.
US-8,575,652 11-05-2013 Yoshiki Kamata
Us-7,221,006 05-22-2007 Marius Orlowski et al.
Change(s) applied | US-7,732,285 06-08-2010 |JntekCorporation  Sell et al.
to dodument Us-7,880,228 02-01-2011 Fostitra-€orpr  Yasutake
AH US-7,683,362 03-23-2010 |.Rujitserttd: Ohta et al.
Us-7,667,227 02-23-2010 Pujitserttd. Shimamune et al.
4/ 277020 US-20030057416 03-27-2003 | Matthew Currie
US-20050130454 06-16-2005 Anand Murthy et al.
US-20050184354 08-25-2005 Chu et al.
US-20060156080 07-13-2006 John P. Tellkamp et al
US-20060237746 10-26-2006 Marius Orlowski et al.
US-20060255330 11-16-2006 Chenetal.
UsS-20070187767 08-16-2007 Yasutake, Nobuaki
US-20070238236 10-11-2007 Ted Cook Jr. et al.
US-20070275548 11-29-2007 Lavoie et al.
US-20080135878 06-12-2008 Kim et al.
US-20080179752 07-31-2008 Takashi Yamauchi et al.
US-20080197412 08-21-2008 Zhang et al.
US-20080242037 10-02-2008 Bernhard Sell et al.
US-20090224369 09-10-2009 Harold Samuel Gamble et al.
US-20100148217 06-17-2010 Danielle Simonelli
US-20110062498 03-17-2011 Frank Yang et al.
US-20110068407 03-24-2011 Chih Chieh Yeh et al.
US-20120007051 01-12-2012 Sarunya Bangsaruntip et al.
US-20120037998 02-16-2012 Bedell et al.
US-20130240989 09-19-2013 Glenn Glass et al.
UsS-20140070377 03-13-2014 Yu et al.
/FAZLI ERDEM/ 09/25/2019
EXAMINER DATE CONSIDERED

Based on PTO/SB/08A(08-08) - Substitute Disclosure Statement Form (PTO-1449)
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of this form with next communication to

applicant.1 Applicant's unique citation designation number {optional) 2 Applicant is to place a check mark here if English language Translation is attached

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /F.E/
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e UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O.Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

83

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/416,445 06/30/2020 10700178 P38507USC2-C1 5347
31817 7590 06/10/2020

SCHWABE, WILLIAMSON & WYATT, P.C.
1211 SW 5th Avenue, Suite 1600
Portland, OR 97204

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):

GLENN A. GLASS, Portland, OR;

INTEL CORPORATION, Santa Clara, CA;
ANAND S. MURTHY, Portland, OR;
TAHIR GHANI, Portland, 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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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 16/416,445

Filing Date May 20, 2019

First Named Inventor Glenn A. Glass

Title CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM
OVERLAYER PRE-CONTACT METALIZATION

Art Unit 2826

Examiner Name Fazli Erdem

Attorney Docket Number | D480-012035

SIGNATURE of Applicant or Patent Practitioner

Signature /Ian D MaCK|nn0n/ Date (Optional) October 15, 2021
Name lan D. MacKinnon Eﬁgii‘é?ﬁon 34,660

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of ] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Do Code: Pl\ PTOAIAIRRE (07413}
Lo, . N ¢ . ¥ 135
Daocument Description: Power of Attorney Bpproved for use trough 0373112021, ,\Mb NEEA003E

Tradamark Office] 1.8, DR Pt\“Tﬁ SOMME!
Under the Papanvork Reduction Act of 18885, no persons are regquirsd to respond fo 2 caflection of information unies DMB sontrot number

11,8, Patert and

FOWER OF ATTORNEY BY APPLICANT
i hereby ravoke all previous powers of attorney given in the spplication identifiad in either the attached transmiltal letter or

?he, boxes be § w

Application Number Filing Rate

16/416,445 May 20, 2018

{Ncte: The toxes above may be lelt tlank i information ts pravides or form PTO/AIABEAY

<

i heraby appoint the Patent Praclitioner{s) associated with the following Customer Numbar as myfour alfornsev{s) or agend(s}, and
to transact

all business in the United Statea Patent and Trademark Gffice connected therewith for the application referenced in
the attached transmittal fetter (form PTO/AIABZA) or identified above: |

oR E{)G‘i%}»’i

:\] {hereby appoint Practiionar(s} named in the atlached fist (o FTG/AABIC) as mylowr attormey{s) or agent{s), and o ransact
aff business in the United States Patent and Trademark O#fi c; connectad tharawith for the patent application raferenced in the
atiaches ransmitial leter (form PTIVAIASZA) or identifiad above. {Mote: Complets form PTO/AIABZC)

Please recognize or changs ths correspondence address for the application identified in the attached fransmittal
fatfer or the boxas above ol
—

gy“ The address assotiated with the above-mantioned Cusiomer Nurnber

OR
| The address assoiated with Customer Number:
QR
f““} Firm oy
e indivicduat Name
Address
City State 3 I Zip
Country
Tefephons i Email i

{ am the Agplicant {if the Apglicant is a juristic antity, Hist the Applicant name in the box

i
s

inta

Corporation

b Inventor ar doint fnventor {ila not requirad below)
Legal Representative of a Daceasad or Lagally lncapacitated inventor {title oot required below)

1%} Assignee or Farson to Whon the Inventor is Undar an Ohfigation to Assign {provide signer's title # applicart is a jurisiic endity)

{ 1 Person Who Gtherwise Shows Sufficient Propristary intevest {a.g., @ peiition under 37 CFR 1.468(b)(2) was grantad in the
N
-

application or is concurrently being filed with this dnf*-:mm,) (pm\"m signar's s i applicant is = juristic an it 3
SIGNATURE of Applicant for Patent
The undersigned (whosa title is su piscd bajow) is authorized 10 ant on behalf of the applicant {e.g., wh

ere the applicant is a jurisiic entity),

ity
Signature 2 | Date {Tptional)

fName Hogkinson

Title Administrator of Patents

NOQTE: Signature - This form must be sf gnes by the applicant in accordance with 37 CFR 1.33. See 37 CF® 1.4 for signature requirements
and cariifications. If more tha

a0 D applicant, use multipis foms

,_...

“iTotalof 1 forms are subrnitted

colection Jf information fs requitad by 37 CFR 1,134, 1.532, and 1.33. The information s
LSPTQ ta o o8y an upmaat:c Contidentislity is govemed y 35 168G, 122 and 37 CF
including gathe: . and submitting tha completad apr. caaan orm 3o e USPTQ, ﬂme W ;-i \raff fJnf S
of timeyou reqma 3¢ e this form andfor suggestions for red s burden, id e sent i the
Department of Commerce, P2 Box 1450, Aexandria, VA2 ). DO NOT SEND FEES OR TOMPL
for Patents, P 8oy 14580, Alexandria, VA

i vou need assistance in completing the form, calf 1-800-PTQ-8732 and select aption 2.

ragui rcd e Gbx’i i or ratain a o‘\r‘em bv the oab it whch (s t\. fite (dﬂd 'w me

i 8. 30?::1:0’ BTG
-0 FORMS TO THIS /—\DD £38. SENDTO; Commi

Page 344 of 348




Electronic Acknowledgement Receipt

EFS ID: 44042649
Application Number: 16416445
International Application Number:
Confirmation Number: 5347

Title of Invention:

CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION

First Named Inventor/Applicant Name:

GLENN A. GLASS

Customer Number:

31817

Filer:

lan David MacKinnon

Filer Authorized By:

Attorney Docket Number: P38507USC2-C1
Receipt Date: 15-0CT-2021
Filing Date: 20-MAY-2019
Time Stamp: 19:32:05

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ttes)/ Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
1251579
1 Power of Attorney 2021-10-1 5_P03FD480—01 2035 no 5
p e0de264adef4264eel1albie5d26d3460aed|
Warnings:
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Information:

Total Files Size (in bytes){ 1251579

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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/416,445 05/20/2019 GLENN A. GLASS D480-012035
CONFIRMATION NO. 5347
164 POA ACCEPTANCE LETTER
KINNEY & LANGE, P.A.
312 SOUTH THIRD STREET LR T
000000129327255

MINNEAPOLIS, MN 55415-1002
Date Mailed: 10/26/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 10/15/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ggasgedom/
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO g0V
APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
16/416,445 05/20/2019 GLENN A. GLASS P38507USC2-C1
CONFIRMATION NO. 5347
31817 POWER OF ATTORNEY NOTICE
SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600

1211 50 iy o A

Date Mailed: 10/26/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 10/15/2021.
+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ggasgedom/
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