UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬁsd;‘iz,g;i;\rgima 22313-1450
| 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 POWER OF ATTORNEY NOTICE
SCHWABE, WILLIAMSON & WYATT, P.C.

1211 SW 5th Avenue, Suite 1600

A
Portland, OR 97204

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* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as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.
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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/

page 1 of 1



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 Eﬁﬂi‘éi‘“o“ 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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1,6, Paterd and Trademark Oifice; 1.8, DR P«\v\Tﬁ ENT OF COMME

Under the Papanwork Reduction Act of 18885, no persens are reguirsd to respond fo 2 caflection of information unies OMB controt number

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke all previous powers of attorney given in the application identifiad in either the attached transmitial lellar or
?he, boxes be § w

Applivation Number Eifing Date

16/416,445 May 20, 2018

{Ncter The toxes above may be lelt tlank i informatian is provides or form PTOAIAGRSZAY)

& | | heraby appeint the Patent Practitioner(s} associated with the Tollowing Customer Numbar as myfour alforney(s} or agent(s}, and
{0 transact alt business in the United States Patent and Trademark Gffice connected therewith for the application raferencad in
the atiachen transmitial {etter (form PTOIAIABZA) or identifisd above:

on 100164

:\j { hereby appoint Practitionar(s) named in the atlached st {z‘ PTG A AIBIC) as myior attomey{s) or agent{s), and o ransac!
all business in the United States Patent and Trademark 0 m *he;ew.ih or the patent apphv(mon raferenced in the

fal
attached ransivdtial leter (form PTIVAIABZA) or identifisd above. 3 fi) Compilets form PTO/AIABZ2C )

Pleass recognize or changs the correspondence address for the application identified in the altached ransmittal
latter or the boxas abovs ol

gy“ The address associated with the above-mantioned Cusiomer Number

OR
| The address associated with Customer Nomber:
OR
} Firm oy
e indivicduat Name

Address
City State 3 I Zip
Country
Telephons i Email i

i am the Applicant {i{fthe Applicant is a juristic antity, st the Applicant niame in the box

intad ¢ e:}s*mfat on

b Inventor or Joint inventor (il not requirad below)

{MM, Legal Representative of a Daceasad o Lagally lncapacitatad inventor {tile oot required below)

@ Assignes or Paraon io Whon: the Inventor is Under an Obligation to Assign {provide signer’s title # applicani is a juristic endity)
i_ }{ Person Who Gtherwise Stiows Sufficient Fropristary interest (..,  peiition under 37 CFR 1.48(b)}Z} was grantad in the

application or is concurrently being filed wih this dn"-:."‘nm,) {provids signar’s title i applicant is = jurisic aniity)
SIGNATURE of Applicant for Patent

The undersigned (whose title is su piscd balow) is authorized 1o aot on behalf of the applicant {e.9., wh

ere the agplicant is a jurisiic entity),

ity
Signature 4 10 ! Date {Tptional)

Name Hogkinson

Tite Administrater of Paterds

NQTE: Signsture - This form must b @ signed by the applicant i accerdance with 37 CFR 1.32. See 37 CF® 1.4 for signatire requirements

and cariifications. If more than oneg appiicant, use multipia foms
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iF you nead assistance in completing the form, calf 1-800-PTQ-8739 and sefect aption 2.
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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_PO§FD480—01 2035 no 5
p e0de264adef4264eel1albie5d26d3460aed|
Warnings:




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.




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)



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
Filing Date

16/416,445
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
ALH 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 Chen et al.
US-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/ 09/25/2018%
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/

8
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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)



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

2.[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.

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) JAIl b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

(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.(] 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. (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

4.0J 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

10




Receipt date: 053/12/2020 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 Glass, et al.
(Use as many sheets as necessary) Group Art Unlt 2826
Examiner Name Erdem, Fazli
Sheet 1 o0f1 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.
ERY, 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 ©5/25/2020

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

11



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 5§71-273-6500
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):

D Applicant/Inventor /Michael A. Bernadicou/
Signature
Attorney or Agent of record _35934 Michael A. Bernadicou
(Reg. No.) Typed or printed name
|:| 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—JS:;)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 .. . 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 2131f3b83339%ab3fb25c6d 1844a0a0d8818|
24a3b
Warnings:
Information:
312408
2 Maintenance Fee Address Change 1M E38507USC§7 o 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 Puccinelli/ (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. Chang6e of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (()?a';:;[:%)nlisaﬁl; ;1npattici] eJ] ;feglstered 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 upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

@ "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

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

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

2826

Group Art Unit
Examiner Name

Erdem, Fazli
Attorney Docket No: P38507USC2-C1

Sheet 1 of 1

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

Country Code/Number/Kind Code
(if known)

Pages, Columns, Lines,
Where Relevant Passages
or Relevant Figures Appear | T?

Examiner Cite
Initials* No '

Publication Date
MM-DD-YYYY

Name of Patentee or Applicant of
cited Document

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
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.

Examiner Cite
Initials* No '

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

19



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-Total in
USD(S)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
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:
.. . 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
3cfc425303a83a6040654ebch252ddfa1622
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 First Inventor_| Glass et al
atunt | 2826
(Mot for subrmission under 37 CFR 1.99) Examiner Name | Erdem Fazli
\_ Attorney Docket No. | P38507USC2-C1 Conf No. 5347 )
( DUTY OF DISCLOSURE STATEMENT A
in accordance with the duty of disclosure, enclosed is a copy of an information Disclosure Statement (IDS) Citation Form
PTO/SBO8 or PTO-1449, together with copies of the documents cited on that form, except for copies not required (o be
submitted (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 submilted after Allowance but prior 1o payment of the issue Fee. Htis respectfully
requested that the cited references be considered and that the enclosed copy of PTO/SB/08 be initialed by the Examiner fo
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 represeniation 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

Please see 37 CFR 1.97 and 1.98 1o make the appropriate selection(s):

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

OR

|:| That no item of information contained in the information disciosure statement was cited in a communication from a foreign
patent office in a counterpart foreign application, and, o the knowledge of the person signing the certification after making
reasonable inquiry, no item of information contained in the information disclosure statement was known 10 any individual
designated in 37 CFR 1.58{c¢) more than three months prior to the filing of the information disclosure statement. See 37

CFR1.97(e)}(2).
OR

|:| None

The 1DS 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. Plesase 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 | 35834

{ hereby certify that this correspondence is being submitted electronically via EFS Web on the dafe shown below.

Lisa Puccinelli [ Lisa Puccinellif

of infoimation is required by y i oF retain 2 benafit by tha pu
Time wif vary depending tpol
va 223131450 DO NOT &

Date 05-12-2020

by 35 US.£. 122 and 37 GFR 1.14. This cotisctio o take 1 hotrts
stions for reducing this bu : ation

2nd/or su sha! he Ot nfor:
DRESE. SEND TO: Commissioner for Patents,; P.O, Box

J
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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.cim. 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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EAST Search History

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
H01L29/66636.cpc. or
HO01L29/66795.cpc. or H01L29/78.cpc.
or H01L29/7833.cpc. or
HO1L29/7848.cpc. or HO1L29/785.cpc.
or H01L29/7851.cpc.
$1261 396160 {51258 or S1259 or S1260 US-PGPUB;OR ON 2020/02/20
USPAT; 11:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$1262 #6103 1S1261 and (ge or germanium) nearl0 {US-PGPUB;{OR ON 2020/02/20
concentration USPAT; 11:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory. 16416445 _AccessibleVersion.htm[3/16/2020 1:05:44 PM]
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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 S1265 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 i{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
HO01L29/66636.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 1399082 {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 S$1269 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) samejjUSPAT; 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 il (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 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;

(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
51282 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
S1283 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 nearl0 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 iiintel.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 HO1L29/7848.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 near10 (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 nearl0 (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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
31817 7590 03/02/2020
SCHWABE, WILLIAMSON & WYATT, P.C. ERDEM, FAZLI
1211 SW 5th Avenue, Suite 1600
Portland, OR 97204 | ARTUNIT PAPERNUMBER |
2826
DATE MAILED: 03/02/2020
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 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

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE 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.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

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

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

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

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3
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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.
(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 upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

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

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

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

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

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

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

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

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

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

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

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

M| Applicant changing to regular undiscounted fee status.

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

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

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
| EXAMINER |
31817 7590 03/02/2020
SCHWABE, WILLIAMSON & WYATT, P.C. ERDEM, FAZLI
1211 SW 5th Avenue, Suite 1600
Portland, OR 97204 | ARTUNIT PAPERNUMBER |

2826

DATE MAILED: 03/02/2020

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

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

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

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

Page 3 of 3

PTOL-85 (Rev. 02/11)

34



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 Allowablility Examiner ArtUnit | AIA (FITF) Status
FAZLI ERDEM 2826 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
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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.(] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
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1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 1/23/2020.

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

of Biological Material

4.0J 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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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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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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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:
App. No. 16/416,445 4 Examiner: Erdem, Fazli
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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.
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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.

App. No. 16/416,445 6 Examiner: Erdem, Fazli
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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.
App. No. 16/416,445 8 Examiner: Erdem, Fazli
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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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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 sheet 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.
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- 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.
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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) [J Claim(s) __is/are allowed.

7) Claim(s) 10-29 is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) [ 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)(J 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)(J) 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:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** 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.
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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 manner and 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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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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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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USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/FAZLI ERDEMY
Primary Examiner, Art Unit 2826
9/25/2019
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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;
ADERWENT;
{IBM_TDB
L2 53 finfet same germanide same contact US-PGPUB; {{OR ON 2019/09/25
near2 (source or drain) EUSPAT; 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
near2 resistance and (germanium or §USOCR;
ge).cim. 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
near2 resistance and (germanium or §USOCR;
ge).clm. and fin.cim. \FPRS;
EPO; JPO;
ADERWENT;
{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 435 (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  {{US-PGPUB; {OR 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 USPAT; 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;
\lIBM_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 EUSOCR;
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 §USOCR;
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 §USOCR;
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§ USPAT; 12:31
or ((germanium or ge) near10 (ti or JUSOCR;
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-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-
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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-%).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-20090302348-8$).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 EUSPAT; 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 §USPAT; 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 EEPO; JPO;
germanide or ge) ADERWENT;
{IBM_TDB
L43 {20 (undercut or under-cut or under near US-PGPUB; {|OR ON 2019/09/25
cut) same (fin or channel) same (etch or EUSPAT; 12:38
etching or etched) same (recess or §USOCR;
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 EUSOCR;
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).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 EUSOCR;
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 §IBI\/I_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 §USPAT; 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 DERWENT;

(germanium or ge or germanide) with (ti EIBI\/I_TDB
or titanium) and fin.cim.

L48 {11724 {"glass.in" or murthy.in. or ghani.in. EUS-PGPUB; OR ON 2019/09/25
MUSPAT; 12:46
JUSOCR;
\FPRS;
EPO; JPO;
DERWENT;
\{lBM_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 ilintel.as. or intel.aanm. EUS—PGPUB; OR ON 2019/09/25
JUSPAT; 12:47
USOCR;
\FPRS;
HEPO; JPO;
YDERWENT;
\{IBM_TDB

L51 {12198 {257/190.ccls. or HO1L29/45.cpc. \US-PGPUB; {iOR ON 2019/09/25
HUSPAT; 12:47
HUSOCR;
\FPRS;
§EPO; JPO;
IDERWENT;
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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;
\DERWENT;
{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;
ADERWENT;
1B\ _TDB

OR

ON

159 and (germanide or ge or
germanium).clm.

{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;
IDERWENT;
\{IBM_TDB
L62 {11 161 and (graded or gradient).clm. US-PGPUB; {|OR ON 2019/09/25
YUSPAT; 12:51
JUSOCR;
\FPRS;
MEPO; JPO;
UDERWENT;
IBM_TDB
LB3 {2 162 and contact same (titanium or iUS-PGPUB; H{OR 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- YDERWENT
$ 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-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-
$ 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-
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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) EUS—PGPUB;

same (si or silicon) JUSPAT;
USOCR;
\FPRS;
EPO; JPO;
\IDERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:58

L86 {26

182 and germanide with (ti or titanium) EUS-PGPUB;

same (si or silicon) same (contact near §USPAT;

resistance) JUSOCR,;
\FPRS;
\EPO; JPO;
\DERWENT;

y

OR

ON

2019/09/25
12:58
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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. §USOCR;
4FPRS;
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. USOCR;
\FPRS;
EPO; JPO;
DERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:59

9/25/2019 1:00:33 PM

C:\ Users\ ferdem\ Documents\ EAST\ Workspaces\ 16416445_case.wsp
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EAST Search History
EAST Search History (Prior Art)

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
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-
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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 yi22

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)) N
same (undercut or under-cut or under near JUSPAT;

cut) same (etch or etching or etched)

US-PGPUB;

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;
JUSOCR;
\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;
JUSOCR;
\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 sam
(source or drain) near5 contact nearb
resistance

e

{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

JUS-PGPUB;
JUSPAT;

OR

ON

2019/09/25
10:07

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 11:14:50 AM]

91




EAST Search History

resistance USOCR;
JFPRS;
MEPO; JPC;
ADERWENT;
\IBM_TDB

L29

63

US-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;
JUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;
\IDERWENT;
IBM_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;
\DERWENT;
\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 JUSOCR;

germanide.clm. \FPRS;
§EPO; JPO;
YDERWENT;
\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;
{{lBVI_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;
YDERWENT:

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-$% or US-20090224369-$ 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-
$ 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-20140162442-3).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;
HUSOCR;
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 §USPAT;

recessed) YUSOCR;
§FPRS;
EPO; JPO;
§DERWENT;
§IBMTTDB

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
IDERWENT;
{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.clm. §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;
YUSOCR;
\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
USOCR;
{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
{USOCR;
\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
JUSOCR;
\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-
10297670-$ 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.
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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;
ADERWENT;
{IBM_TDB
L2 53 finfet same germanide same contact US-PGPUB; {{OR ON 2019/09/25
near2 (source or drain) EUSPAT; 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
near2 resistance and (germanium or §USOCR;
ge).cim. 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
near2 resistance and (germanium or §USOCR;
ge).clm. and fin.cim. \FPRS;
EPO; JPO;
ADERWENT;
{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 435 (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  {{US-PGPUB; {OR 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 USPAT; 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;
\lIBM_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 EUSOCR;
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 §USOCR;
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 §USOCR;
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§ USPAT; 12:31
or ((germanium or ge) near10 (ti or JUSOCR;
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-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-
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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-%).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-20090302348-8$).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 EUSPAT; 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 §USPAT; 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 EEPO; JPO;
germanide or ge) ADERWENT;
{IBM_TDB
L43 {20 (undercut or under-cut or under near US-PGPUB; {|OR ON 2019/09/25
cut) same (fin or channel) same (etch or EUSPAT; 12:38
etching or etched) same (recess or §USOCR;
recessing or recessed) and contact near EFPRS;
resistance near10 (germanium or 4EPO; JPO;

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 12:52:59 PM]

108




EAST Search History

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 EUSOCR;
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).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 EUSOCR;
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 §IBI\/I_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 §USPAT; 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 DERWENT;

(germanium or ge or germanide) with (ti EIBI\/I_TDB
or titanium) and fin.cim.

L48 {11724 {"glass.in" or murthy.in. or ghani.in. EUS-PGPUB; OR ON 2019/09/25
MUSPAT; 12:46
JUSOCR;
\FPRS;
EPO; JPO;
DERWENT;
\{lBM_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 ilintel.as. or intel.aanm. EUS—PGPUB; OR ON 2019/09/25
JUSPAT; 12:47
USOCR;
\FPRS;
HEPO; JPO;
YDERWENT;
\{IBM_TDB

L51 {12198 {257/190.ccls. or HO1L29/45.cpc. \US-PGPUB; {iOR ON 2019/09/25
HUSPAT; 12:47
HUSOCR;
\FPRS;
§EPO; JPO;
IDERWENT;
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L52

230560

149 or 150 or 151

JUS-PGPUB;
JUSPAT;
{JUSOCR;
\FPRS;
\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

153 and fin same (recess or recessing or EUS-PGPUB;
recessed or facet)

YUSPAT;
YUSOCR;
JFPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:48

L55

193

drain)

154 and (contact same (germanium or
germanide or ge) same source same

{US-PGPUB;
JUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;
UDERWENT;
IBM_TDB

OR

ON

2019/09/25
12:48

L56

93

155 and (ge or germanium or germanide) {US-PGPUB;
same (contact near resistance)

JUSPAT;
JUSOCR;
FPRS;
AEPO; JPQ;
\DERWENT;
{IBM_TDB

OR

ON

2019/09/25
12:48

L57

54

156 and fin.clm.

{US-PGPUB;
MUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;
YDERWENT;
{IBM_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;
ADERWENT;
1B\ _TDB

OR

ON

159 and (germanide or ge or
germanium).clm.

{US-PGPUB;
YUSPAT;
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
IDERWENT;
{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;
ADERWENT;
{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;
JUSOCR;
\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

Us-PGPUB;

y

OR

ON

2019/09/25
07:42

2019/09/25
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same titanium same (source or drain) near2§ USPAT; 07:43
region JUSOCR,;
\FPRS;
{EPO; JPO;
UDERWENT;
IBM_TDB
Lo 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" | usocR
"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;

file:///C/Users/ferdem/Documents/e-Red%20Folder/16416445/EASTSearchHistory.16416445_AccessibleVersion.htm[9/25/2019 8:38:05 AM]

113




EAST Search History

JEPO; JPO;
DERWENT;
{1BV_TDB

L14

1987

(germanium or ge) near10 (source or drain)§ US-PGPUB;

near10 region.clm. HUSPAT;
HUSOCR;
\FPRS;
\EPO; JPO;

\IDERWENT;

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;
JIBM_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;
ADERWENT;
{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;
UFPRS;
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 §USPAT; 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. §USOCR;
\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 ij20 (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;
ADERWENT;
{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;
YUSOCR;
\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;
JUSPAT;
JUSOCR;
FPRS;
HEPO; JPC;
ADERWENT;
\IBM_TDB

OR

ON

2019/09/25
08:13

L40

"20030057416"

US-PGPUB;
JUSPAT;
YUSOCR;
\FPRS;
EPO; JPO;
YDERWENT;
{IBM_TDB

OR

ON

2019/09/25
08:15

L41

"20080242037"

{US-PGPUB;
JUSPAT;
{IUSOCR;
\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;
YUSOCR;
\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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Abstract of CNTOIE2I850 (&)

A method of forming & transistor with salf- ==
gligned source and drain extansions in 304
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 adjacentfo | ;
the qate stack, whersin the dopant e
increases the etch rate of the substrate Fomrsssse
and defines the location of the source and drain extensions, forming & pair of spacers
on laterally opposite sides of the gate stack that are disposed atop the doped regions of
the substrate, elching the doped regions of the substrate and portions of the substrate
subjacent io the dopead regions, wherain an stoh rate of the doped regions is higher
than an elch rate of the portions of the substrate subjacent to the doped regions, and
depositing a stlicon-based material in the etched portions of the subsirate.
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Notice

This translation is machine-generated. 1 cannoi be guaranteed that it is intelligible, accurate, complete, reliable or
fit for specific purposes. Critical decisions, such as commercially relevant or nancial 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 I8 in dose proximiiyfoa
gate dielectric laver of a transistor includes: forming a gate stack on a subsirate; implanting dopants info the
substrate and In a region adjacent fo 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 lalerally opposite
sides of the gate stack, The isolation layer is on top of the doped region of the substrate; the doped reglon of the
etched substrate and the portion of the subsirate under the doped reglon, wherein the doped reglon has anetch
rale higher than the subsirate is at the doping An efch rate of 4 portion below the bnpurily region; and depositing
a stlicon-based material in the etched portion of the substrate.
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Semiconductor device with self-aligned epitaxial source and drain extensions
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Improvements i the performance of circuit devices on a substrate, such as integrated circuait (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, daring the design and fabrication or formation of
metal oxide semiconductor {MOS) fransistor semiconductor devices such as those used in complementary metal
oxide semiconductors {CMOS}, it Is nfien desirable to increase electrons in the N-type MOS device (NMOS)
channel region. The motion and incrégse the mation of posttively charged holes in the chanpel region of the P-
type MOS device (PMOS).
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One way to reduce the tolal resistance of a MOS device IS to dope the region behween the source/drain region
and the chanel region {referred to as the tip region of the MOS device}. For example, 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 diffasion methods, the ability {o control dopant concentraion and position s
fimited. In addition, the dimensions of other parts of the MOS8 device, such as the thickness of #s offset spacer,
can also have & large impact on the position of the tip region. All of this inturn affects the ability of the tip reglon
o maximize dopani conventration and access the channel reglon. Therefore, there is a need for lmyproved
methods or structures {o overcome the Hmitations of conventional tip regions.
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Figare 1A shows a conventional MOS device including source and drain Hp reglons,
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Figare 1B shows s MOS device including source and deain epitaxial extensions;
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Figure 1C shows how the thickness of the isofation laver affects the etching of the epifaxial extension of the MOS
device;
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Figure 113 is a graph showing the dependence of UC to UC distance on the thickness of the isolation layer;
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2 i3 a method of forming source gnd drain epitaxial extensions in accordance with an emnbodiment of the present
invention. ;
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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 disiance of 2 MOS device formed in accordance with an embodiment of
the present nvention is less dependent on the thickness of the isolation layer.
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BAS ST 3

Described heveln are sysiems and methods for forming epitaxial source and drain extensions in a MOS device. In
the following description, various aspects of the 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 quantities, nwaterials, and constructions are set forth in order to provide a thorough snderstanding of the
exemplary embodiments. However, it will be apparent to those skilled in the art that the present invention may
be practiced without the specific details. In other instances, well-known features gre omitted or simplified in
order to avoid 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 helpful in understanding the invention, However, the order of the description should not be
constroed as implying that the operations are necessarfly related {0 the order. In particular, it s 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 soures and drain “tip
regions” which are desigried o reduce the tolal resistance of the transistor while improving shori channed effects.
These tip regions are portions of the substrate thal are implanted with dopants such as boren or carbon using
implantation and diffusion technigues. A source Hp region is formed in 3 region between the source region and
the channed region. Similarly, the drain tip region is formed in a region betwween the drain reglon and the channel
region. The fip region is minimally diffused below the gate dieleciric layer of the transistor.
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Fit: 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 wiaferial. A gate stack 122 1 formed on top
of the channel region 120 of the {ransistor 100A. The gate stack 122 fncludes a gate dielectric laver 106 and a gate
elecirode 104, A pair of isolation fayers 108 are formed adjacent to the gate stack 122,

BLAZGHT TP ARTER TR102 EASHHIMOSSR (R 100A. ACIALI I RIS A SRR
W, BREMEN ey PR AR IIORNEI E 2. S ERI 2B
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As is known in the art, the isolation layer 108 typlcally produces ¢ disiance of between about 10 and 20
nanometers {tn} between the edge of the gate divlectric layer 108 and the edge of each of the source and drain
reglons 118/112, B is within this interval that the source {ip region 110A and the drain tip reglon 1127 are
formed. The tip region 110A/112A overlaps the isolation layer 108 and may overlap or under the gate dielectric
Tayer 106 by a distance of Jess that 10 nm.
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The source Hp region 110A and the dreait tp region 112A are typically fabrivated wsing implantation and
diffuston techniques. First, a dopant is implanted ixto the source region 110 and {he drain region 112, Doping
agents which mray be used include, but are not limited {o, boron, arsenic, anlimony, phosphorus, indium, or
antimony. The doping amount may beintherangeof | X i< >0l X < 8 >atoms/om< 3>
Transistor 100A 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/drsin regions 110/112 using a tilted
fon implantation technigque.
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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
115A/112A all 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 near the channel
region 120, Although highly desirable, i is almost impossible to make the dopant concentration very bigh near
the channel region 120 withoul driving the dopant info the channel region 120. Furthermiore, the source and
drain regions 110/112 cannot be moved closer to the channel region 128 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 chanmel region 120, thereby Himiting the exient to which the gate length can be reduced.
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Figure 1B shows an improved MOS {ransistor 100B [ormed on a subsirate 102 using source and drain
“extensions”. Rather than implanting and diffusing dopanis under isolation layer 108 to form the tip regions,
MO wransistor 100B uses undercut efching 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 118/112
extending below the isolation laver 108 is referved o as a source extension portion 110R and a drain extension
portion 1128, The source and drain exfensions 110B/117Z8 replace the less desirable tip regions 110A/112A
shown in Figure 1A,
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The source/drain regions 110/112 and the sowrce/drain extensions HOB/11ZB are formed by etching the
substrate, Including undercutting the isolation laver, and then epitaxially depositing a silicon or silicon
germanium material. The source and drain extensions 1108/1128 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 respect to the source/drain fip regions 118A/112A. For
example, unlike conventional tip reglons, the latlice structure of source/drain exiensions 110B/1 128 causes strain
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in channel region 128, which increases electvon mobility and thus reduces resistance o the channel.
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Another advaniage Is that the interface between the source/drain extensions 110B/1 1 2R and the subsirate material
182 forming the channel region 128 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 128
This configuration enables the epitaxial source/drain extensions 110B/1128 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 i the extension without {ending to diffuse nto the channel region 120,
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Unfortunately, conventioral methods of forming source and drain extensions 110B/112B have some
disadvantages. A disadvantage s shown in Figures 1B and 10, As shown, conventional undercat etching
technigues resulf inn a sub-bore region forming a bullet-shaped profile. In other words, more substrate naaterial is
etched at a lesser distance below the gate diefectric layer 106 than at 2 substrate material that is directly eiched
adjacent the gate dieleciric laver 106, Thus, the source extension portion 1108 and the drain extension portion
112B alse 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 1188/11 2B due to many
variations in conventional undercut eich techniques.
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Another disadvaniage of conventional methods of forming source and drain extensions 110B/112B relates {o the
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sifect of isolation laver thickness ou undercut efching, as shown in Fgures 1B and 1€, Beginning with FIG. IR,
the fllustrated MOS transistor 1008 has an offsel isolation layer 108 having a first thickness x1. A substrate etch is
performed fo undercat the isolation laver 18 and a portion of the gate diclectric Tayer 106 to form source and
drain extensions 1108/112B, The undercut tangent (LI to UC) distance 114 separates the source extension
portion 1108 from the drain extension portion 1128,
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Turning to FIG, 1C, MOS transistor 108C is shown having an offset isplation laver 108 having a thickness of x2,
Here, the thickness x2 is much larger than the thickoess x1 of the isolation layer 108 in FIG. 1B, As a result, the
thicker isolation Iayer 108 pushes the undercut etch while the substrate is being etched, and the source/drain
exiensions 110B/112B are formed further away from the channel region 120 of the {ransistor 106C. Therefore, the
substrate etching undercuts a small surface area under the MOS wansistor 0. Therefore, the UC o UC
distance 116 of the MOS transisior 100C is much larger than the UC {o UC distance 114 of the MOS transistor
100B. Unfortunately, changing the UC to UC distance in this way causes 3 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 to UC distance also increases, resulting in large drive current variations. Typically, the UC
to UC distance is increased by about 2 nun for egch nanomeier (run} increase in he thickness of the isolation
laver. Thus, forming the source/drain extensions using conventional methods allows the thickness of the offse
isolation layer lo have a karge effeci on the performance of the MOS device.
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In order to address the above problems, embodiments of the present invention provide methods of forming
novel, seli-aligned and epitaxially deposited source and diain extensions. The epitaxial source and drain
extensions of the present invention place the highly doped silicon material very close 1o the channel region of the
MUOS transistor. And because the source and drain extensions are self-aligned, they are much less affectad by the
thickness of the offset isolation fayer than conventional processes,

HT e b
e 27 mz\g

2 is a method 200 of constructing a MOS transistor having self-aligned epitaxial source and drain exiensions. 3JA
through 3E illustrate structures formed when the method 280 of FIG. 2 is performed.

H2 R B SR R R R S MOSR R R L 200 BUABRERM T T
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The method 200 begins with a semiconductor substrate on which a MOS device sach as a MOS trassistor can be
formed {process 202 of FIG. 2). The semiconducior substrate can be formed using bulk silicon or a silicon-on-
insulator underiayer struciure. In ofher embodiments, other materials may be used o form the semiconductor
substrate. Other nradertals may or may not be combined with stlicon, including but not limifed to germanium,
antimony telluride, lead telluride, indinm arsenide, indium phosphide, Gallium arsenide or gallium andimonide.
Although some examples of maierials that can form a substrate are described herein, any material that can serve
as a basis for making a semiconductor device is within the spirif and scope of the present invention.
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A gate stack {204) is formed og the semiconductor subsirate. In some embodiments of the invention, the gate
stack can be formed by depositing and then patierning the gate dielectric layer and the gate electrode layer. For
example, in one embodiment, the gate dieleciric layer can be blankeled using conventional deposilion processes
such as chemical vapor deposition {CVDY, atomic fayver deposition {ALD}, spin-on deposition (SOD}, or
phiysical vapor deposition (FVD}. Deposiied onto a semiconducior substraie. Other deposition techniques can
alsos be used, for example, the gate dielectric layer can be thermally grown. Nexd, a gate elecirode material can be
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deposited on the gate dielectric layer using a similar deposiifon techpique such a3 ALD, CVD or PVD. 1o some
embodiments, the gate electrode material is a polysilicon or metal layer. In some embodiments, the gale electrode
materialis a sacrificial material that can later be removed to perform a replacement metal gate process. A
conventional pafterning process can then be performed toetch away portions of the gate electrode laver and the
gate dielectric faver to form a gate stack.

R(204) . FEARB R, WRUES RS R &
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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, hafnium oxide, hafrdum aluminum oxide, zircontum oxide, zirconium oxide silicon,
hafnium oxide, ttanhum oxide, niohium oxide, nioblum oxide , bismuth oxide Hiamuny 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 c:img' class="EMIRef" id="102184587-1dfB081" /> {o sbout <img
class="EMIRef" id="1021R4 3871802 " />
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between. In other embodimerns, additional processing, such as an annealing process, can be performed on the
high-k gate dislectric layer to improve ihe quality of {he high-k material.

e RO . BEES
kTR RS,

FIG. 3A shows a substrate 300 on which a gate stack is formed. In the embodiments described herein, the gate
stack can include a high-k gate dieleciric layer 302 and a sacrificial gate electrode 384, In other embodiments, the
gate stack can include a sificon dioxide gate dielectric layer and a polysilicon gate electrode. The gate stack can

02-08-2018 18

141



abwo include a gate hard mask layer 305 that can provide certain advantages or uses during processing, such as
proteciing {he pate electrode 304 from subsequent ion implantation processes. In an embodiment of the
invention, the hard mask layer 366 can be formed using a niaterial conventionally used as a hard mask, such asa
conventional dielectric material.

?E‘%ﬁ%%f’ﬁ%“‘wiﬁfim‘f;@‘sésm{n FEIX B BRSO Y . BESRACTUE
3{}2&?@%&}&}%;&2{@( FERA SO R
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After forming the gate stack, an lon implantation process is performed to highly dope the portion of ihe substrate
arfjacent to 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 implanted is selecied 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 subsirate material and the eichant used in the subsequent efching process. Since most subsirates confain
large silicon, germanium or antimonide compositions, doparnts that increase the etch rate of siticon, germanium
or indium antimonide are often selecied.

iy
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In embodiments of the invention, specific dopants that may be selected to increase the eich rafe of the substrate
include, but are not Hinited {0, carbon, phosphorus, and arsentc. For example, the implantation energy between
§and 15 kilo-electron volts (keV) may be uiilized to use carhonata dose ranging rom I x W< 4> o I x 1 <
16 » atoms/om < 3 >, Phosphorus may be used at a dose ranging from [ x 10 < 14 > 10 3 x 10 < 1§ » atoms/om <
3 > with an implantation energy between 1 and 5 keV. The implantation energy befween 2 and S keV can be
uttlized to use arsenic af a dose ranging from 1 x 10 < 14 » {0 5x 10 < 15 > aloms/oni < 3 ».
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In an embodiment of the invention, ion implantation ocours substaniiafly in a vertical divection {i.e., a divection
perpendicular to the subsirate}. 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 {o prevent doping of the metal gate electrode.
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Next, an anneal is performed to further drive the dopant info the subsirate and reduce any damage experienced

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

the ious to a subsiraie depth between 2 nm and 20 nm. Annealing can be carried out af temperatures between 700
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 hnplentation and diffusion process. As shown, the lon implaniation
pracess produces two doped regions 308 adjacent 1o the gate dielectric fayer 302, When exposed o a suifable
etchant, the etch rate of doped region 308 will be higher than the etoh rate of the surrounding substrate material.
Oine of the doped regions 308 will serve as part of the source region of the MOS {ransistor being formed,
including the self-aligned epitaxial source extension. Another doped region 308 will serve as part of the drain
region: of the MOS transistor, including a seif-aligned epitaxial drain extension. In the illustrated embodiment, a
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, inclading 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 gate stack. The spacer layer can be formed using
conventional materials fncluding, but not limited to, silicon oxide or sflicon nitride. The width of the isolation
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laver can be sedected based on the design requirements of the MOS fransistor belng 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 fayer 310
formed oneither side of gate elecirode fayer 304 and gate diglectric layer 302
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After the isolation laver is formed on the substrate, a dry efching process may be perfornsed fo eich the doped
reglons and etch a portion of the substrate to foray 4 cavity in which {he source/drain regions and the
source/drain extension portions may be formed { 2103, The siched cavity is adjacent to the gate sfack. The etched
cavity can be formed {o a depth of between 58 nim and 1500 nm whicl is deeper than the doped region.
Therefore, the etching process will remove the substrate matertal underlying the doped regions,
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The dyy etch proeess uses an etchant formulation that is complemerntary to the dopant used in the fon
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 portions of the substrate. Thus, with an appropriate incredse in the etch
rate, the etch process can remove all of the material from the doped reglon substraie when the cavity isetched,
This includes the doped reglons undercutting the isolation layer and portions of the gaie diclectic Iy to define
a self-aligned extension of the transisior. Increasing the etch rate of the doped regions allows the efched source
and drain extension portions of {he cavity to undercud the isolation laver and the gate dielectric layer, while the
UC o UL distance Is substantially independent of variations such as isolation layer thickness, dry eich process
And the influence of other provess change factors.
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According to an embodiment of the present invention, the dry elching process may use chlovinated chemisivy
occurring in a plasmia reaction chamber. In one embodiment, the etchant formulation can be comprised of a
combination of NF3 and CIZ, with argot or helinm nsed a8 a buffer gas or catrier gas: The Sow rate of the active
etchant species can vary from 50 to 206 standard cuble centimeters per minute (SCCM), while the carrier 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 108
W at powers ranging from 700 Wio 1100 W, The veaction chamber pressure can range from about 1 Pascal {Pa)
toahout 2 Pa.
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In another embodiment, the efchant chemistry can be comprised of 3 combination of HBr and CE2. The flow rate
of the efchant species can vary from 48 SCCM to 100 SCCM. A high energy plasma can be used with a low RF
bias of less than 100 W at powers ranging from about 808 W o about 1000 W, The reaction chamber pressure
can range from about (L3 Pa to about (1.8 Pa. In another embodiment, the efchant chemistty can be comprised of
a combination of SEB and CI2. The flow rate of SF& can vary from 3 SCCM o 10 SCCM, and the flow rate of C12
can vary from 20 SCCM to 60 SCCM. High entergy plasmia can be used at powers ranging from about 400 Wio
about 808 W without RT bias or with RKF bias of less than 5 W. In this embodiment, a low flow rate of SF6 and
reaction chamber pressure can be maintained o reduce the removal rate and maximize control. For example, the
reaction chambey pressure can range from about (L1 Pa to about 0.5 Pa. In another emsbodiment, the efchant
chemistry can be composed of a combination of Ar and (2. Here, the flow rate of the etchant substance may
vary from 40 S5CCM to 80 SCCM. A medium energy plasma can be used at high RF bilases betweer about 100 W
and 200 W at powers ranging from about 400 W to about 830 W, The reaction chamber pressure can range from
about 1 Pato about 2 P,
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FIG, 3D shows the substrate 308 after the dry etching process has been performed. As shown, 3 source region
cavity 312 and a drain region cavity 314 are formed. Further, the source extension portion cavity 3124 and the
drain extension portion cavity 3144 have been formed by eiching the doping region 308, 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 fhaf increases the eich raie of the doped region 3&8,
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After the dry efching process is completed, a wet etching process may be applied {0 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 chemistries 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 etching is used for at least two purposes. First, wet etching removes contaminanis such as carbon, fluorine,
chioroffuoracarbons, and oxides such as silicon oxide o provide a clean surface on which subsequent processing
can be performed. 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 contaminanis. As shown in Fig. 3E, the
wet etching causes the edges of the source region cavily 312, the source extension portion 312A, the drain region
cavity 314, and the drain extension portion 314A fo follow the <111> and <081> crystal faces. It should also be
nofed that the source and drain extensions 3124 and 314A do not have a bullet-shaped profile that cccurs during
conventional processing.
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The remainder of the process for forming MOS transistors is simifar to conventional MUS processing
techriques, 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 regions and source and drain extensions in a single process. In some
embodiments, the silicon alloy can be in-situ doped silicon germantum, in-situ doped silicon carbide, or in-siiy
doped silicon. In alfernative embodiments, other silicon alloys can be used. For example, optional silicon alloy
materfals that may be used include, but are not limiled to, nickel silicide, {Hanium sificide, cobali stlicide, and may
he doped with one or more of boron and/or aluminum. Insome embodimenis, deposition can be performed
ustng a CVI process.
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I an embodiment, the lattice spacing of the silicon alloy material deposited in the source and drain region
cavities is different from the lattice spacing of the substrate maferial. The difference in latiice spacing induces
tensile or compressive stress in the channel region of the MOS transistor, which is enhanced by the deposition of
siivon alloy in the source and drain extensions. Asis known to those skilled iy the ari, the decision whether to
cause fensile or compressive siress will depend on whether an NMOS or PMOS transistor is formed.
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According to an embodiment of the present fnvention, 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
mannet. In ofher embodiments, carbon doped silicon may also be doped in site with phosphoras. The carhon
conceniration may rangs from 0.5 atomic percent to 3.0 atomic percent. The phosphorus concentration may be
mtherange of 5 X W< 19>/em 30§ X 18 < 20 =/ cm « 3 >, The thickness of carbon-doped silicon can be
<img class="EMIRef{" id="102184587-1df0003" /> to <img class="EMIRef" id="102184587-1d00064" />
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In the range, Silicon doped with carbon and phosphiorus can be expressed as (C.P)ySi{1-v}.

MR . SRR R DEERAIC, Pysity-

Highly doped (€, P} in a low pressure chemical vapor deposition {(LPCVD) reaction chamber using up to 60
deposition cytles and etching sequences based on silane (SiH4), PH3, CH3SiH3 and chlorine {Cl2} chemistries
¥SI (1-v) deposition of source and drain regions. The reaction chamber temperature can be between 580 ° C
and 625 7 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 nsed.
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For the deposition stage, te co-reactant may include 5iH4 at & flow rale between 100 and 408 standard cubic
centimeters per minute {SCOM), CH3SIHY at a flow rate between 25 and 150 SCCM, PH3J at a flow rate between
{and 25 SCCM, and H2 with a fiow rate between 500 and 4308 SCCM. Each cycle of the deposition phase can
fast up to 4 minutes.
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The deposition stage can be followed by a first cleaning stage. The first purge may inchade nitrogen gas at a flow
rate between 500 SCCM and 2 standard liters per minute (SLM; and N2CI2 4t a flow rate beiween 5 and 50
SCCM. Each cycle of the first cleaning phase can last up to 1 seconds.

RN R B USRS E00 SCOMBRERE MR A0 (SLMY 2
»‘«m‘-,,:da{}b(,(,ﬁzix’i FIRINZCIZ. ST BN D BT DU R 08

02-08-2018 17

148



The etching phiase caty be after the cleaning phase. For the etching stage, the co-reactant may include CI2 having &
flow rate between 5 and 25 SCCM. Each cytle of the eich phase can last up {o 30 seconds.
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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 5 flow rale between 5 and 35 SCCM. Each cycle of the second
cleaning phase can last up t© 18 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 5 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 inveniion, Tor PMUOS transistors, source and dradn rigion
cavities may be filled with silicon germartum. Silicon germaniurm can be epitaxially deposited. The cerfum
conceniration may range from 1 atomic percent to 50 atomin percent. I other embaodiments, silicon
germanium may alse be ortho doped with boron. The boron concentration may be in the range of 2 % 1< 18>
feme3>t07 X 10«20 >/ cm < 3 >, The thickness of the silicon germanium can range from <img
class="EMIRef" id="102184587-1dDBO5" /> to <img class="EMIRel" id="102184587-1d0006" />

:e‘“. STPMOSSE RS,
YA J%—‘ﬂ ITH?P‘zL B0 F & J\L:G;w i
BERT LIFE2 X 10«10 /em< 3> BT 4 10<20>fom<3 xm{LEW FRERY
Mi <img Lla\sm EMIR&t 1d "102184587-idf0005" /> B<img class="EMIRef" id="102184587-
ic f(}(}GE > FER .

The deposition of doped silicon germanium can be carried out in 2 UVD reaction chamber, an LPCVD reaction
chamber or ultra high vacuum CVD {UHVCVD). The reaction chamber temperature can be hetween 660 © C
and 800 and the reaction chamber pressure can be between 1 and 768 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 sificon source precursor gas such as dichlorasilane (DCS or SIH2CI2),
sifanie {SiH4) or disilane {SiZH8). For example, DCS can be used af flow rates ranging from 15 o 100 SCCM.
Depuosition can also use a ruthenium precursor gas, such as GeH4 diluted in HZ {e.g., GeH4 can be diluted to 1-
%} For example, diluted GeH4 can be used at a concentration of 19 and a flow rate ranging befween 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
H2}. For example, dilufed BZHS can be used al a concentration of 3% and a flow rate between 10 and 100
SCCM. In some embodiments, an etchart can be added to increase the selectivity of the deposition. For
example, HCl or CI2 can be added at a flow rate ranging from 50 to 308 SCCM.

.
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3¥ shows MOS transistor 316 {nn which source cavily 312 has been filled with a silicon alloy to {orm soures region
318, which bas been filled with a silicon alloy to form drain region 320, The extension portion is also filled to
form the epitaxial source extension portion 3184 and the epifaxial drain extension portion 3204, As shown in
FIG: 3F, the self-aligned epitaxdal source and drain of the present invention are different from conventional
sonrce and drain Hp regions formed by implantation and diffusion techniques and thas having no sharp
boundary between the tip region and the channel region. The extension has a steep boundary. In other words,
the interface between the epitaxial source/drain extension and the channel region is clear and unambiguous, On
one side of the interface is an epitaxially deposited doped sificon material, and on the other side of the {nterface s
asubstrate material that constitutes the channel region. The dopant in the epitaxial source/drain extension is
substantially or completely reiained within the extension and does not tend to diffuse into the channel region,
thereby allowing the epifaxial source and drain extensions to be beavy relative to conventional techniques. The
doped silicon muaterial is very close o the channel region {ie, the source/drain extensions 318A/320A can
undercut the gate dielectric layer 302 over 10 nm). As will be appreciated by those skifled in the s, this in turn
enables the gate length to be reduced without having o shorien the channel region.
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Forming the epilaxial source and drain exiensions closer to the channe! region also imparts greater hydrostatic
stress {o the channel. This siress increases the sivain in the channel, thereby increasing the mobility in the channel
and increasing the drive current. 1t is also possibile to further amphfy the stress by increasing the doping of the
epitaxial source and drain exiensions, which Is easily controlled during epitaxial deposition of the sflicon alloy.
This is an improvement over conventional diffusion processes where the tp region generatly does nof cause
strain on the channel reglon.

SR A W
R —

WA, RIS NET B I 5
T E A, SRR

As will be appreciated by those skilled i the ark, MOS fransistor 316 can also undergo further MOS8 processing,
such as a replacement gate pxide process, a replacernent metal gate process, ananneal or a salicidation process,
whicl can be farther modified. Transistor 316 and/or provides the necessary elecirical interconnections. For
example, after epitaxial deposition of the source/drain regions and the source/drain extensions, an interlaver
dieleciric (ILD} can be deposited over transistor 316 and planarized {216}, The well-known material that can be
applied fo the dielectric laver of the infegrated crcalt strizcture, such as a low-K dieleciric yaaterial, can be used to
form the ILD, Such disleciric materials include, but are not limited o, oxides such as silicon dioxide (5102} and
carbon doped oxide {CDO), silicon nitride, organic polymers such as perfluorinated cyclebutane or
polytetrafluoroethylene, fluorine Silicate glass (F8G) and organosilicates such as silsesquioxane, sfloxane or
organosilicate glass. The dieleciric laver can include microvias or other holes t further reduce #ts dielectric
constant, FIG. 3G shows the ILD laver 322 that has been deposited over the MOS transistor 316
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Next, in an embodiment of the present invention wsing a replacement metal gate process, the gate stack (je, high-
K gate dirtectric faver 302, sacrificial gate electrode 304, and hard mask layer 306} may be removed using an eich
process {218} 3. Methods for removing these layers are well known in {he art, In an alternative embodiment, only
the sacrificlal gate 304 is removed, Figure 3H shows the irench opening formed when the gale stack is eiched

away.
WEFR

TR, EARG AR EBRR LI, 71
A WA BRS04 TORE RE L 22306) (218) . A
4 - i ':'-\,; e ‘s‘&.;;: ‘:{}i J t

L

i 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 hersin. The same deposition
process can also be used. The replacement of the gate dieleciric layer 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 metal gate electrode 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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326,

The metal gate electrode laver may be composed of a P-type work function mefal or an N-type work function
metal depending on whether the fransistor Is ¢ PMOS or ann NMOS iransistor. In some embodiments, PMOS
transistors are formed, and materials that can be used to form the P-type work function metal laver inchude, but
are not Hmited to, rathenium, palladiom, platinum, cobalt, nickel, and conductive metal oxides such as
ruthenium oxide. The P-type metal layer will enable the formation of a PMOS gate electrode with 4 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 mefal layer include, but are not limited
to, hafnium, zircontum, ttantum, halnfum, aluminam, and slloys thereol, such as metal carbides including these
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slements. . nately fantstun carbide, zirconium carbide, Htantum carbide, tantatum carbide and aluminum
carbide. The N-type metal layer will enable the formation of an NMOS gate elecirode with a success function
between about 3.9 ¢V and about 4.2 eV, In some embodiments, two or more metal gate elecirode layers can be
deposited. For example, a work function metal can be deposited followed by a metal gate electrode {ill metal such
as alumimun 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 siticon volurre. The total resistance of the MOS transistor increases the channel strain. The epitaxial
source and drain extensions do not have 2 bullet-shaped profile, fortning a sharp boundary between the channel
region and the source and drain regions, and having & more easily conirolled doping concentration for & 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 combingtion of dopant and etchant formulations. Therefore, the self-aligned process improves
performance while minimizing process varfations.
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418 & graph showing an improvemest that can be achieved by the self-alignment method disclosed heredn. Ling
400 represents dats collecied for a MOS device constructed using embaodiments of the preseni invention. As
shown, the UC 1o UC distance ismuch less affecied by the thickuess of the isolation layer than the devics formed
using conventional methods, and the data for the device formed by conventional methods is represenied by line
118
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The above description of the {lusirated embediments of the invention, including the description of the
invention, is not 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
invention.

BEREPERYAE, A
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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 nof be consirued as imiiing the inveniion to the particular embodiments
disclosed. Rather, the scope of the invention is fo be determined by the appended claims and the appended
claims

*%Mwﬁ*ﬁ

02-08-2018 23

154



atent Transiate

Fovwersd by BP0 and Googls

A
)

L

Notice

This translation is machine-generated. 1 cannoi be guaranteed that it is intelligible, accurate, complete, reliable or
fit for specific purposes. Critical decisions, such as commercially relevant or nancial decisions, should not be
based on machine-translation output.

CLAIMS CN101622690

1.

A method compuising:

R, B

Forming a gate stack on the substrate;

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

BB AR ARINEH RS I S B A X, i ared Bl ina s R
ﬁ .

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

LERF AT S B BB A BT SR, AR BT P AR RS T

*

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 sitieon-containing material is deposiied in the efched regions of the substrate to form source and drain reglons
and source and drain extensions,

FERR R R FRW s

o

B U RS RO M L R A

2+

The method of claim 1 further comprising annealing the substrate affer implanting the dopant, wherein the
annealing oceurs at a temperature between about 700 ° C and abowt 1100 7 C for the highest Up o five
seconds.

TRAETE A, ik R

ﬁ%ﬁ}?&iﬁﬂ.

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

> fifzﬁ%%flf QH\J 1.-\« 3’1\{‘§ﬂ1j7. i %«ff,mﬁ;ﬁf{ﬁlfﬁ‘:
<111 F0<001 > 85 8 25 BR300 B iR

4.

The method of claim 1 wherein implanting said dopant comprises utilizing an implartation energy belween
about & keV and about 15 keV al sbout I x 10 « 14 > {o sbout I x 10« 18 » atoms 7 om < 3 » A dose between
them injects carbon into the substrate,

SRR BRI T, ;Ei“%lf-‘
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5+

The method of claim 1 wherein implanting the dopant comprises ulilizing an implant energy between about 1
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keV and about hkeV at about 1 x 10 < M > toabout §x 18 < 18 > gtoms £ om < 3 > A dose between them injects
phiosphorus fnito the substrate.

IR R B the VR 2 ke V2 R BHTE ARER L
SRS AR RTEE RSP

The method of claim 1 wherein implanting said dopant comprises niilizing 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.

RIBSRELRUNARN IS, B AR AT EER MY ke VEIR S ke VZ R BTEARRR LY
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T

The method of claim 1 wherein sald elching Is a dry etching process, the process comprising:

SRRCMERUMER T, Rty THMAITE, BT,

Applying NFJ and CiZ fo the doped region of the substrate and the region of the substrate below the doped
region;

AFEM TR B RE TR sUENFIRICE; MR

The plasma Is applied al a power of betweern sbout T00 W and aboud 1100 W,

&
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8.

The method of claim 1 wherein sald elching Is a dry etching process, the process comprising:

RIRRMERUMER T, Rty TN Y, ML

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

Tegion;
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The plasma is applied at a power of between aboui 680 W and sbeut 1000 W,

FE A B00W R £ 1000W 2 80 S T R IS B T

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

ROESIRIBDRIENAN A Y, Bopipdiatbh Pz Ty, g1 28,

Applying SEb and CR to the doped region of the substrate and the region of the subsirale below the doped
regiom

WFER T AR B R K BESFeRICIZ: LA

The plasma is applied at a power of between aboui 400 W and about 300 W,

FEAFA0OWRLRE0000W S N s R T NS E T .

16+

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

MBSRUIHARY I, JUPIRARN FRERITE, ¥ TEER:

AR A A R B AU R R R AT B B B T r R S hnAric; B

The plasma is applied at a power of between abouf 400 W and about 800 W,

fE A A00W B 29800W 2 8 o R F I I B ik
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The method of claim 1 wherein said sificon-containing material comprises carbon doped silicon,

RIBRATT 8, Hp Bt AR afnss

gL
12+
The method of claim 1 wherein said sificon-confaining malerial comprises silicon doped with carbon and
phosphorus.
IBETRESRUINAR T, b it SRR R
13+

The method of claim I wherein sald sificon-coniaining material comprises silicon germanium doped with boron.

. r;l".
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14+

The method of claim 1 wherein said gate stack comprises:

B ARIESR UM, Sh AT S B e

a high-k gate dieleciric layer;

a sacrificial faver formed on the high-k gate dielectric layer;

}E;P)‘; VL ?‘*!“}k%%u }?“‘ -: E\S)‘ @ﬁ%ffi, V)m

A hard mask layer formed on the sacrificial layer.
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15+
The method of claim 14 further comprising:

ERUETRN Y, BEE:

Depositing an LD laver after depositing the siticon-containing material;

RIS 2 BIRILDE,;

Remeoving the hard mask layer and the sacrificia layer to form a trench between the isolation layers;

FEAFPERNENFORMBLIE RN S R NP RN, B

A metal gate electrode Is deposited into the trench.

A A IR B AN

4

16,
The method of claim 14 further comprising:

REERAERKII R H, SR

Depuositing an ILD layer alier depositing the siicon-containing material;

B R S REM LY B RILDE,

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

FERAREREE, R ENIEs e

Depositing a new high-k pate dielectric layer into the trench;
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A miefal gate slecirode is deposifed info the trench.

ESECEet ek R TR B A L

The method of claim 1 whereln the Interface between the source exiension portion and the substrate is steep, and
wherein the interface befween the drain extension portion and the sabsirae is steep.

i$%%&ﬁ»%ﬁ%ww$r%3ﬁ““W:
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The method of claim 1 wherein said dopant Is implanied in a region of said subsirate where sald source and drain
extensions are to be formed.
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19+
The method of claim 1 wherein the thickness of said pair of isolation layess has a minimatl effect on the locations
of said source extensions and said drain extensions.
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AL
The method of claim 1 wherein sald source extension portion and said drain extension portion overlap sald gate
stack of a transisior.
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TRBEMEN, REMEE. MEAEET TEE, DENREEE
R BGEME. R, AT EAAREENT, THEREKE
HE SRR RO T AR B FERARTE ST, ERREURIL T A g,

B AN BRAERR N EA S PR, Rk, RUREBTH
WEACR IR T AR R, AR, AEUEHRR BB L B X B
EERFEX. BEWE, TUERT 2R RRTIZSERE.

ERERER, BHLBEAYESHE (MOS) SEFEEREERAEN
B RMIIRY, B BRI R A S R, I B S
W . IR DO R AR P A AR SR AN T S iR e g1
BAFIIER Ay o TR AR R IR sk FE AR R R 7 M X e, 284
H, R R S BRI R R X M R, R KR AR
S ENIHRBR A RE T

B IA RHE T EREA R 102 LR MOS ST 10048 Wl
I 8998 2 A BRI PR M, RS SN sl
bR RV 110 BRIRIX 112, MRS 4K 122 JBIFE &4 100A 1Y
HEER 120 7. MVOORE M 122 SIEHHR S R 106 TSR 104,
R —S R RE 108 L SRSB4 122 4848,

TAATE A5, PREE 108 —RAMIERNRE 106 Bilg5HE
MR X 110112 BRE— N INA &2 BrE K% 10 3] 20 493K (am)
IS . MEEX -HBZ AR MRERRKEIE 110A FTHRERER
112A. REEXHE 11041124 HIEEE 108 2R, FHEATUESIENTRE
106 EREIER T HI BT 10nm BIEEH.

WERBEANT BEARBEHER R 110A FURHRIRHKE,
112A. H5E, B0 ABIERE 110 R 112 . W LIER S

-]
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R EEETET. B 8. B M. 2485, B RTUE (X108
1X 10" B F/em® BN RBEHHEE 100A #TRK, DHERIGHE
MK 120 8. SR LRSS TFEABRS - SR E A TE AR
B fr U2 106 MIPEARARIER 1107112 Z B e X s

SRR, WARSEECR A SO RSB, REmXE 110A/112A
HITER . BRNEREE 108 THEBENER D ERRKEE 110A/112A 1
TR MR T BRANAREM Ry st flln, RmKap
REAREERRRE 10112 ZAEE NS, MERTmER 120 24
Kok, REENHYE, BEEREBANIREIBMEX 120 PHERT
NFERE SEAS IR B SERER 120 2435, eAh, HERE
WX 110/112 AR B EAEWIEK 120, B AT AR H IG5 220 BE 5]
BIMER 120 tho X FR$ T SRR RIRARR 110/112 TR R SI9IEX 120 Br
BESEUTRORERE, dutcPRA T AT LUS IR IR 48 R BT AR R

BB et TR RS CREMRE ST FERERR 102 LRYEGER
MOS 5165 100B. HF HERAREE 108 THEAMP TSN LI R
Xk, MOS &% 100B TRERETMZ, DATFERK 110 MRkEK
112 EHFEAE 108 MEHEBRNRE 106 BT H. EBERREEER
110/112 A FIFREE 108 THISE AR EREMRE S 110B FRARER
E4 112B. JERFNIRARIEMREE 4 11081128 BR T B 1A BRI R aEse
BRI X IR 110A/112A,

WP ZH R, AENEERMITEY, REINEFURE MR
FR R RARARIX 110112 FEMARIRE 84 110B/112B. HERESE
WHRERK 110112 HEHTESEPER T BB R R E S
110B/112B, XA T TS RERE. SRR 1108/112B 4
ST IR AR R R M B 4 110A/112A B4 7 A . N, SE R
KRR, JEARAASAR A EE4r 110B/112B B R S e 120 b3k
REAE, RSN T BT IR RN RN T iE P Ay

F= A0S RSy 110B/112B M IEER 120 PR
PR 102 2SR TR BT Cabrupt. 7ESREN RSP B2y
BEHE, AN —MRMREER 120 BREME. XHERERsSt

171



200880008384, 2 LI I S T VA R Y]

FEF AR/ R B 4 1108/ 12B §E45 @ IS AVEER B AR ST VRIE R 120,
S FEEAR AR IRGE 4 110B/112B RS RN A R s o ERME s
B, AN T VR 120 9,

A NBIREHR, BAEIRANRIRAE S 110B/112B MyE My EE —
Begh R, £ IB 1 IC PR T —RiE, mBFUR, BB Mz
AFERIRBER T FHERE. BE2Z, TRENRE 106 THD
IR B H R M B TSR SMIERARE 106 4L MhH
AR ARME . XA R, WIREME S 110B MIRIREMES 112B thi 8
BH THERE, REWHEK 120 $/=4 T e RN NE. b, B
HEFERRVRZEARP R RS, RUHENERNRLFERNERIE
4> 110B/112B PHEFFREBEL.

FE IR AR AGE MR IE 4 110B/112B MR BN R0 5 — B S bl R
BRE X R s, (1B A0 1C Fiar. M IB FFER, FRES MOS
en PR 100B RAMBIREE 108, AFSE—BEK v T4 RN, Bl
TREELE 108 MR FUE 106 19— 3HMTIRY), M 869 8 REIER
MR BRI 110B/112B, JEVIFRY) (UC B UC) IEE 114 BT
4> 110B SIBHEMEES 12B 4B

SEREC, FIRN MOS B3 E 100C RFEE R »x PMIRBIEEE 108,
XE, B xR B PHEER 108 MERE x, KB, &3, AR
FRIRZIRT, BBEMEEE 108 MEHEEIA, H BAEIE A/ J A% A A 3R 5
110B/1128 B S a3 SR 100C WX 120, FEtk, #EMER
PIT 808 MOS &4 100C THREERE. Eit, MOS &4 100C
A UC B UC FEE 116 tE MOS &5 100B 15 UC B UC 53 114 KBS,
A A GEIBAE, KR U UC B UC FEE L MOS B iaokm
IRBL L.

B 1D Syt T ZEF R 2 G s S4B IS R A 408 UC
P UC BER A B, Zih BT MLk 118 FRPEE, TR THRER
RE B RN, UC B UC BRI, BBCRMNIRS BT L. S,
BA B R IR I — 4K (nm), UC 3 UC BESSIB I KLY 2nm. 3XRE—3k,
R B R AR SR 4 AP RS R R B LR MOS 834%

172



200880008384, 2 LI I S T 5 VA R )

SRR BN

X T b e, AR SRS T aUR A T A . B
HEFAMER AR IR AT M A 0 . AR B B SN SE AR R IR B
MR B AR EHIER A MOS B EMEER.,. # HENIE
PR AR A B EXNER, LA TENLERS, elIZmER
BEEERNEEEANEE.

] 2 EAGTR A B e IR AR AR A A 10 MOS &R R
200. B 3A Bi3E FHTERITE 2 B7E 200 B RRISEN.

Fik 200 LA SR RIS, TEFTR R B R o LB ALt MOS
SRS MOS 8B4 (8 2 BIITE 202). TR BRESE LERE
SRR M. AR R, WTRIAEE AN RS
PR, HOMHRTUSEEAGRTUASEES, SREFRETH. Bk
. EILEY. BRLAN. BRLHEE. LB EEMLE. RAXERMNR T ELE
HOR E RS — 2B RS0, (BT LATE 2 AT B b B A S R I R R RO AR A
BHERE A R AR PPITEEA .

e SRR R R B AR (204), AR -y A,
BT DL S YR R X B AR R A R R R A R T M B R T R SRR
&, i, E-Reri R, ATRUR A b SRR (CVD)L BT
JEIHE (ALD). BERVTER (SOD) ER#s~UMPAR (PVD) Ky R T
SRR A PR Y BT B B AR b R DU R EA,
Elg, TTURGERMB RN R, BT, WUAAES ALD. CVD
PVD B9 ER A A B2 LA R ). 7 gy s
i, R A REEEEE. T8k, S E
KT PAEBR P TR S B T2 R . SRS BT R AT E 3948
PR, DARRZRSE o M AR R R A B AT B AR S k.

LA SRR S kBT R AR RO L/ B A R
AIEAERTE & MR A R R TG BLIE (ERR TSk ds . Sk,
SALSE. LR, SALE. FURSEE. S, SE. SRR,
SAbigk. Sk, Sik. S, SURBTTEMRREE. 8
SEHEATAA, Bk MR TURR B ERTUTERS 5 R (A) BIR4Y 50A

1¢
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W ATE, USER MENRE.

B 3A R T H LRSS B AR EK 300, FEREFTHSEHET R
o, MRS B A LUR IS AR S BUE 302 AR AR 304. AR
QoM U, MRS B A LML SR IR RN RN KR .
SRR S B A BT DR IS ISR 306, JL7E /R T M () ny LGRS SR LR R
S, Fl PR 304 AZEBENETEANTEREW. 48K
Hoseit s R, T OUR R R AR, Bl i S A RO bR
o RAZIEREAR E 306,

ERERRER GG, RITEFEATES SRS E RS
FHEB BT RSB (206). WIEARVHPAEAR, HT 8 RH
BEVRZIE RO A REBERTEATEPFHGS AN, EHAHE
RSP EREARRS AN MR TEAT BN B 2T DR
AR E RS M TSP E AR ATAL. BT RS NRES
KREE. BBV AL, BTLUR RGO LI, BRI R Th
BN A .

FEA R SEiE T 2rh, BT LR SRS I IR A T e e
BAAEERR TR, B, Fan, TRURAH 5 15 THRFR eV
ZIEPEAGRE, IR 1X10M B 1 X 10" R F/em’ EEIA B B AR,
aT AR 1 3 skeV Z B IEASEEL, UL 1X 10" B 5X 108 R ¥F/em’ BN
fRB R, ATLLRE 2 B SkeV X IAIMNEANRER, LI 1X10M 3 5%
107 FUFrom’® S B P ISR B4 e

EARRBHSEFRY, BEFEARRNEERE N (WEHTYH
R ED b A3, BFEANEDS ST URELER
FAR L, DUSETEARRESE AN T, bR, SR MaRe
S4B, FRAHE DIEMR S L AR A BT,  CABT b SR
ESQIE: TN

BTk, WATIEAK, B PRBBRMESRRET, FRDEFE
AU Z MR Z RIAEAIRNE (207, FAFEBEIGE AT LUBET
UREDE 2nm B 20n0m Z B RRIR A . ABARTRAFE 700°C 3 1100°CZIRIAY

11
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B TR R — AN R, s R R A

AT ERETEANSHEABE 302 MARKHE 24X 308, ¥R TE RN
WEFIE, BRE 308 MEZEREH TR ER R B RER. B
(X 308 235 IV I AU MOS S s 1035 IR 0 —38 43, BLI8 B RSt
FESR AL AR 4y o 55— DB 2 308 % I #E MOS & 4 e R 13—
B BITHES IR R S . ZEFTAREISCHET U, B AR 308 98
SR TR B RE 302 09 F . AR LHITNF, SR 308
iR, AREENINEEE, W RURIR ER R MOS S EE I ERTEN.

Rk, RS EEMME-N ERRREE (208). o ERFER
B, SRR T UL S SRR R T B B 2 WY DURET BT LAY MOS
SASEHETTESOL EREENEE . BEARPIELHER, BREERN
B R AR T R A ST SRR R AR I AR 4 P IR B R B 3C AR T
& 300, FEMRERELE 304 TR BRR 302 BME—M LR ER R E 310,

FEFEIEREREZG, AT UHITF R T Z L R B A oF
SRR, DB ET LAZE H P T R B AR X AR AR R R S R 0
§(210), PRI R SRS B AR, T UG IR 2 B T LA
SOnm % 1500nm 28 ARE, ZER B AKE. Bit, BT ZHER
MTFHRX TR

Femz T RS EF AL S A B RS AR E A r R A
J, DR 2B R AR . IR AEAS MR T 2R LR T IR RO LA R
SEPEERERIBIIK . XK, PURMABEENE SN, AT ERE
1% 5] 58 LA B AR 2 DB R K BEAR R IR AT BObE Bl . X BIRBREKRY
R B AR A SRR BB SY, MO RR G SR B VR A . 2D
25 K (a2 I ik 2 R SR AR R AR I A TR e R VIR R R
R AR R, 1 UC 8 UC B EEAR L HNENEEREE. FiEZT
SR T ER AR E R .

RIRAR I e, T TE W R R EASEFERN
b A1 (chlorinated chemistry). FE-~FpsiEysUP, MR
T L NF; B Ch B &4, el sl SUREE M BN Eit
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TR PR TT BLZE 50 3 200 #R%E 7 BORG 4 80 (SCCMD) Z A2,
TIA AU T LAZE 150 B 400 SCCM 2 {fZ5 4k, W] LLZE 700W Fi 1100W
JEE N MIHET, BT 100W K RE RE, FRNBESETE. RN
SRR BAZERCEY 1 MR (Pa) BIKZ 2Pa KITEHIA.

TR —Sep R, AL AR Ul HBr F CL M-SR,
SRR RO FT LAYE 40 SCCM 3 100 SCCM 2 [H1AR 4k 0] RAFE K4y
500W Fk 2 1000W FEE A ITHET, LI/ATF 100W K RF WE, €&
GBI, RIVERSTTEKRY 03Pa BKE7 0.8Pa RIEHA. S
— SRR, BRI R LU SFe AR Ch (A A 18, SFe IR
AT DAZE 3 SCOM F 10 SCCM Z A8 4k, Cly MFLE R LAFE 20 SCCM £ 60
SCCM 2 (a5 k., T BLZERZY 400W Fkgy 900W SLEAMIIRT, #X
5 RF {5 BB W TR LT 50W | RE S, MHRRESETH. EX
PSR ATSN, W LMR NG ST B9 M RN RIS, AR ERRERAt
A R B, RN S5 5T BAZEKEY 0.1Pa By 0.5Pa (TG,
RSP, ML RN R Ar B CL VAl a k. X,
T2 U R RS BAYE 40 SCCM 3 80 SCCM R ATLIZENKE
400W A% 800W TEEIRAUTHZEF, LKLY 100W B 200W Z AT RF
g, FEPSEESETE. RRNEENTUEKL 1Pa BINL 2Pa iy
WEN.

E 3D R T BABATFERI T B2 B MK 300, WEHR,. FER
TUEHRIK AR 312 FURARIX A 314, AN, DEBZBRIK 308 FE
JERRIE MRS 2 312A RURARIEM A SR 3144, TR T8 B A
X 308 HuihZi RS TN MEIAEY, RIEE 310 RUERX RRH
FE(HBEAN A2 I 3124 RN AR (R B4 28 1T 314A HImIR b

ERRTENRTEZE, TURERSEMRTE, UREmsE—P
PhEIRARI A B 312, BRI A IR 3124 WK AR 314 DA R R
FEAEBA S 314A (212). B LUMEREVE HoAR R A MR TR SRS
AR R R r L S . i, AT LLAE R AR ¥ R R R R RO
G Aty I

EMHESETEASEN. ¥k, BEAREBRENEK. . 85

13
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TR 0095 e SR IS RE Y UL, DR LR DIFE R LT R b
W R T . UK, ISRV AT <11 1>-H<00 1> R T BRA IR AU 4

A H A Snm JE, OF HIEE ULEBRRAE ). i 3E Bion, BT
TUF BT IE S 312, JEHGTI AR 3124, IRIK AR 314 FIRARAER
4y 314A WIDZIEFH <N >H<001>FRH . BN SIEH, FIRMEREMR
4y 312A F314A A FE R AL D B AT B E.

T R MOS &7 9 T2 A3 A& 4 B 0T % 380 MOS AL B
Eitn, ERAITEZE, UGS ERBT ZERS SRR
FERR SR, NEERMEREREEY (214, Bk, ZHEREE—

RO ST LLR BB M EEE . BB R AREEABRNE. £
MeschET R, WM RS S, Fim, WU TEES S
BLAE, BAETEAG. Bk, /b JFBTRSRE M/
—FhEl SR, —seseiE Rk, FRMER CVD T ERATIIR.

FER AR, FUBRTEE MR X 25 b AR & &R SR L
553 A R AR IR BE R . SRR TEERIE R MOS S EIEK P E
SRR ARG, BT R R A P IR A SRR T
R A, mASREAR AR TS, RE R SRR RN TR RSN R
BT BT B NMOS i 2 PMOS & 3%E .

MIEARRBEEAR, F NMOS &AW E, WM ESBEE
( carbon doped silicon) HFEMBMBIRR S, LSRR RT
Ry BUS B, sy s, RET DU B B B BT IR A8 %
BRBETFTLLEE 0.5 JEFH A3 3.0 BT H o thiiEE A . SREETTLIE S
% 10"%em3 M 5X 10%em® BITEEA . BEREEE R E LAFE 400A ) 1200A
MFEEN . BRABHEER LLRRA (CP)Siay.

B P ZEAC R S SUHYUR (LPCVD) RIME S, R L 60 MABM
BRI REG (SiH,). PHy. CHLSiH; FISUS (Ch) 4h8E i ialin)s,
AT ESIB2%(C.P), i BB AN AR X FOITAR . SR B R BT LLE 500°C #Y 625
T2, RENEEHFLMET 20Pa. T EBLEFRE. SHEFRIB IR

14
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B, WU TERE SRR I ZESE

SRR BN Y, 4ROV A DLRIER AR 100 3 400 fRMESL T
He4G4reE (SCCM) Z 819 SiHy. JUEFF 25 B 150 SCCM 2 f&)#y CH;SiH;.
FETE 1 3 25 SCCM Z{#9 PH,.  BARIRIEFE 500 2 4000 SCCM Z H}HY
Hoe VUERBYELRIEEA RIET DA EE R AL 4 i

VBB ZETURE-SENE. £ MU aFiEE 500
SCCM F| 2 FRvEF4F 44 (SLM) Z IR LR FHTE 5 8 S0 SCCM 2
B NoChe SE—RSPRMBUGEANHE LIRp s L 10 .

T BT DUZERS SR B 2 R . T HRIE B S, SRR B
FEFIRTE S F) 25 SCCM 2 A Clo ThEM B MW LIRS RS
30 .

PRI B ST DA S TR B . A R e DLRIS RUETE 50
SCCM #3 2 SLM Z i B/ D R L 5 B 35 SCCM Z I NoChe B
VRN RS R A LR A 10 .

OB B LRSS R, FoEEVHUEERRERE 5
F 25 SLM Z AR (Hy). SN RN BRI UFER A 2
k.

EEARAGTREAR, MT PMOS BAEEWNE, ®UABEMEEA
PR S, RSB, SIRETUE 0 RFRE
B 50 BFEHANEEA. ERbEr R, T DUHBN AT R
Riisdy, WERBEWLLEE 2X 10%em® 3 7X10%%em’ BUTE N . RSB
BATE 40A 3 1500A BOTEEIMN.

B UAFE CVD RRNSE. LPCVD RN ki8R % CVD (UHVCVD)
BT B R RS T, RSB E BLZE 600°CHI 800°CZH), RN
R ATBATE 180 760 ¥E2 0. SN LR 10 B 50 SLM Z RS
SRR H1% Ra® )5

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

(Si,Hy) HUREIERT A BT, Fian, wTRAFEiEEfE 15 3 100 SCCM
Z AR TATE DCS. FIARE a7 LUE B SE IR A=, BlindE H, PIE
i) GeH, (BINFT LS GeH, BEEN 1-5%). B0, TLLLL 1% EFfE

13
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TE 50 3 300 SCCM 2[R {4 IHR A Gelyo X THINRESBA, W
LR ARG BoHe (BRI RATE Mo P BH AR 1-5%). fldm, #TEA
UL 3%k S ADTE FEIZE 10 B 100 SCCM 2 {8 I 4F FIR R A9 BoHeo 7
Hese T R, B LU LU S AR AR SR . Bdm, WTRIDIE
7 50 2 300 SCCM Z B FIFE # in HC1 Bk Cl.

B 3F SR T MOS &84 316, o B2 RS S5 TR 312
DR RRARIX 318, DI MRS ST T WS 314 LUB AR 320.
WA T T A4 LT R ST SRR AR AR 4 318A AN N AR EE 4y
320A. @B 3F BT, HBabE AT BRCR R B R B I BRI
(X 8] 959 T BT S 3 AR AR AR SR S RN, AR B3 X e Ab
FEE R RIRAR A B 4y B BN I A . E 2, APEERARTGE S
X 2 N RS M T R . EREN R EVBIS R
¥, RGNS RS EEGFEME . SMEER RIS
PGB FFE AR A EFEEHMEAA, FAER T BEER P,
M A0 VF S SRR RS AR 2 A0S0 23 BE S MR T 0 B AR BB Ao 3k
T X CRIE AR/ R AR A B4 318 A/320A T LA DI AR fEL /1 R E 302
FELE 10nm). WEASHEEARA B EURER, SOUES IR RS
e/, A48 EMWIERK .

00 S V) 8 WG R S AT R s A T A 4 IR v T A ke KU A
SR . EROREOR TIE RN, TS TIE P TR
TEREH R VBB LT IR S IR AR R R AR ST A AR 4 B 3B Ak — 2P I
RAENH, AERSSIIMNERREMXBEESES. SRBKE—RAE
WEEK ERMNTNE R AL, Mot

A SRR A A FUSEARENE, MOS BEE 316 BT LEZi#H—5
# MOS Zb3E, FImEEREIn TE., BRaBiR LE . B AR
T.¥ (salicidation process), BT AT LABE-— D SR A E 316 HVEHRHE
VERSEE, Fn, EANEFRERRHRR R R E NS ZE,
B P SRS 316 BV UBUREMEA R (ILD) FFbTFl4 (216). LA
FRAMBT RN TESRBREHRTBARBENME, FlIME k BAEM
ST AR TLD. X 8 A B R IE BN IR T8 10 Uk R (Si0y) FIkiE

16
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FELY (CDO) fRitdy. B4Rk, B FAI T RS R Z &N
HNEEY . SRS (FSG) UL R mRER P EsE (silsesquioxane)s
HEGEANERS AR . A RETE AR AR A
RUB— B AR RER. B3GR T DEBUE MOS S iE 316 I
7 ILD B 322,

Bk, ERRBEHBNSEMR T2, LR AH

BB 306) (218). BT EEREENFEENTREARELA MY, EE
ST, AR 304, P SHORH T 7RISR DR B Ak TR
AR O,

SR B T MR R DR, WL AR R R IR BNARE T O
(2200, XEELMEHE AR « BAFE, Flineihis. T LIER
FERI RGBT . 7 DR R AR ) BUE (0 B R SR AR G TE I R R iR
PN T E N E g R AR s A RIS R IRE . RS W LA
AR FREARBSRE (222). AR ERNEBRBIEN
B4R EaRE, flin CvD. ALD. PVD. TR, BaIRET
S VTR EIA T O A k SRS N BUs 324 MG R AR 326,

HRIE B R PMOS iR 2 NMOS & 4%, REMRRET M d p RIT)
RMARE N B R B, sy, BRLPMOS R4EE,
HEAMHETESR P MR BERENM R SBEARRET . 8, 8. 5.
WA RO REULY, WIS . P AL BEKAISIE R IR EHEX
%5 4.9eV BK4y 5.2¢V Z A PMOS k. BUE, E—EEARE,
FR NMOS & 4%, FRTHTERN 2R BREIRAERAR
T4y, B 8 8. BREMNMES, Pl XETENe BRI,
BUBRALAS . BRALSR. BRALER. BRI, N BERBRERERR
R R B K HY 3.9eV BKE) 4.2eV Z Y NMOS Witlk. 7E—850i
o, WRIRAMREANRE S NS REMBIRE. Fli, TURRDRESE,
HERENESRNSEHRBERER.

Hit, CEATFT BAEIEEMRRTGEN S, P Mmies &
TR REEAR (HFITRB AR R RD IR SRATU N NESE, W
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BN T MOS SRR 0 SR, FHEA TN, ShEIER AR E {43
SR BAT PRGN K S PR AR AN AR X 2 R B R A A HF
BB TASDENSREE, FEERMLOER-RNLE. Wit 8
BRI 2R PR RN T S S, AR BB A S T U R S T R A
BMEMEATEANSHEEEEN TN, Bk, ZaNBITZERS S
Wik, REHE TSNS DM,

B 4 GRS T AT AT R 8 R S e IR st i A
2 400 F2 kb R R A0 8 BE S sUA R AG MOS B3R SREL R . Ini BT
T, SRR, UCHUCEERREERRNER
NG, SR ETE AR I BEE 2 118 IR,

Db R AR B TR S by s 0 R, BIRENERRENAE, A
B0 5 B S A R R T AT . REEFUF TR
BRAY B BHOR T AR RO 1 B S SRR, (H A SURA SRR A SR
PAREIE, TEARBRTEEA S SN E SRR .

A LR DL S AR ) A R AT IR s . FEATMARCR] R A
A B A R L R A A R A B U B R RCR B SR e B A RO R
LR R, ARBHEESARFTHRIERSRE, MRERH
SR AR B R SR R BT B AR SR
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108, 108

1108 1128

1108 1128
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Abstract of JPHES183180 {A}

FURPOSE: To provide a semiconductor device wherein contact resistance is not
increased sven though the device is made finer. CONSTITUTION: There are provided
on a silicon substrate 1 a qate slectrode 4 formed through a gate oxide film 2, a source-
drain diffusion layer 6 formed on the surface of the sificon subsirate 1 oppositely to the
qate elecirods 4, a source-drain alectrode 8 formad on the source-drain diffusion layer
8, and a Si-GGe mixed orysial laver 8 displaced between the source-drain slectrode 8
and the sowrce-drain diffusion laver 6.
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Notice

This transiation is machine-generaied. 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 o1 machine-translation cutput.

DESCRIPTION JPHO5183160

{0001}

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

e FONBSE] RBHE, 3027 FERAOERR{CE D 82 P84SR ETFOREN
HEIClY 5,

{0002}

2. Description of the Related Art In recent vears, large-scale integrated circuits {(LSI} 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, If is used extensively. Therefore, the performance of the entire device is closely linked to
the performance of the single LSL

[REROE] i, T2 2~ A—PEERSORELICR, SHO M5 IR SRS
ZERBEEENT LK '@“d 2 1o 7 RICERE U OB L 7o R AT
(LS 1) BBRHINTVE, Coki, REEekotaeid, LS T Ao RECEUH
{i\ i {r'\%{}

{0003}

The performance improvemerit of a single L3I can be realized by increasing the degree of
integration, that is, by minfaturizing the elemerst. As the mipdaturization of elements progresses,
the diameter of the contact hole connecting the wiring material and each element becomes
smaller, and the contact area betweern the wiring material and the elenient becomes smaller. As a
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resulf, the resistance in the contact hole, so-called contact vesistance, 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.
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{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 7 drain diffusion layer 92, an insulating film 93 1s formed on the sidewall of
the polysilicon gaie elecirode 91, and subsequently, & metal film made of titantum or the like is
deposited on the entive surface of the silicon substrate 80, The metal film is heat-ireated to form
the polysilicon gate slectrode 81 and the drain / source diffusion layer 92 into silicide, and
thereafier, the unreacted metal film is removed by etching.
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{0005}

By using such a method, the effective contact area between the source / drain diffusion laver 92
and the source / drain electrode 88 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.

COXIRAERHCSCET, VAT FR=AOBMNWRE RS TE, V=X FlLg Ui
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HREBECIKTE, ayar RO b TES,

{0006}

Hawever, as miniaturization advances further in the future, the area of the source / drain
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diffusion layer 92 is expected to decrease to about 1O 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.

L%b TG, SERELIKERIEAEA TN E, VX« FLa V8IS o 2 OREN
1. Opm2 BEETHIELCEZETERIN, CORR BHEREY—X - Fb‘f;’ 202 O
f‘ﬁéﬁi@ I TH-TE, VY MHOEEROEOREED, 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+ BB LU REOBOINS S MERE, n+ BEEE P REOED
FUCHEANE L, CORPERERETIREND 2,

{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.

CREHAMER L &5 L9 23] o, SHRILERFOMMHENEG L, Y USIRE
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{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 caygse an increase
in contact resistance even if the minfaturization of the device is furiher advanced, and a method
of manufacturing the same. is there,

R, PO EEEBLTREINAELOT, TOBMNE TR LIAE. SBEIGKEETONR
BHEAGEATTE, V2 Y PEAOBMAREI RO PEAEERTCF O EF Ry s 0 &
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{0009}

SUMMARY OF THE INVENTION In order to achieve the above object, a semiconductor device
according to the present invention commprises a silicon substrate and a source / drain diffusion
fayer formed on a silicon subsirate, a siicon A mixed crystal layer comprising an element is
provided, and as the predetermined element, a difference between an energy level at a valence
hand edge of the mixed orystal laver and a Fermi level of the souree 7 drain electrode is the
source / drain diffusion. | is characterized in that an element smaller than the difference
between the energy level at the valence band edge of the laver and the Fermi level of the source /
drain electrode is selected.
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{0010}

Further, in the method of manufacturing a semiconductor device according to the present
invention, after forming source / drain diffusion layers on a silicon sabsirate, 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.

Fho, RBEHOPESEAEEORBEAERE, YUICERIY R KL/ UV ERERERUE
. CVDEEZROL T IVEFROEREMORIRBEEN/ —X « FL1 8B Lk
BT STREF L, fEFsEORE LT, fiid B80S Ao 08 Lot
VX FLA VEROT 2 A IENEOED, WY —X « FLAVEREOHE RO
FF-E A/ R s FLAVERO T 2 VIR 0B I OSSR ERATC
EERHET S,

Alternatively, instead of using the CVD method, the mixed crystal laver may be formed by
fimplanting fons of a predetermined element satisfying the above-described conditions o the
source / drain diffusion layer.

Fh, CVDEERHWANDLDII, V—2A -« P VEBREE DAL 2R e iiEOiR
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{0011}

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

[FEH] V—R « FLASRBBEYV—R - FLA Voo v a7 MG, V—R - ¥L
A VBEOT 2 VIR L V- bufjm%@@m@%%@t%mfwﬁﬁ DRHRE
FENET RS

{001 2]

in the semiconductor device according to the present invention, the source / drain electrnde is
cannected to the source / drain diffusion laver 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 layver and the

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

ﬁ%@m¥@ﬁﬁﬁﬁ<\vm?~Fb4k%@%%U VEMBDAENLEIESEENL
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{0013}

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

HE, BEEENLTY—X - FLdg /%&E%?Eé B2 FLAVEEESERTZCET, V
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{0014}

Therefore, even if the contact area between the source / drain electrode and the source ¢ drain
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diffusion layer is reduced due to the miniatucization of the device, the increase in the contact
resistance dug to this can be preverted by the decrease in the contact resistance by the mixed
crystal layer.

Lich-7, RFOEMTIckD, V=2« FL2RBEB2 V-2 » FL 38 LB
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{0015}
in the method of manufacturing the semiconductor device, the mixed crysial laver s formed on
the source / drain diffusion layer using the CVD method.

e, PEAREOREAETE, CVDEEROVTY—X « FLa /HEIE NGRSBERK
Lf;@\@u

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

L, YU ICEREAA-VREZIS T EBOESBEERTES,

{0016}

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

Cicheil] DUF. BIire sl LW D 3 E e 5,

1 and 2 are cross-sectional views of manufacturing processes of a MOS transistor according to a
first emmbodiment of the present invention.

M1, B2, REHOH | OFEMICERDLMO S Fo I AZOEETHEIEK TS S,

{0017}

First, as shown in FIG. 1A, an element isolation oxide {ilm 2 is formed on an n-type 8 substrate 1.

FEB (a) KR, n¥OS B B, EFoBigtE z.?i' 205
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Then, a gate oxide film 3 having a thickness of 8 nm is forined in the element formation region
surrounded by the oxide film 2 using a thermal oxidation method, and subsequently, a
polverystaliine silicon film fo be a gate electrode 4 having a thickness of 30D nm on the entire
surface, Deposit.

AT OBEE e CHEAARTERGEEE, 3BEENTEI S nmOy— bk
IFEHL, BT, SEKEII 00 nmOTP—MRE4 L ESEER U O VEAHEETS

o

Then, the polyerystalline silicon film is patierned by photolithography to form the gate electroede
4.

FLT, 7APUVHFS 7R TEESER VY O vBE S~y Y LTy — FER
4 BRKTZ,

{D018]

Next, as shown in FIG. 1B, a 502 {ilm 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.

‘&’i&iiﬂ I by KaRdid, 'i"? CRIEES - MERIR S L85 S 1 D2 REHRLER. o
1 Q2 BORERT yF/ Ny LT, F— 4 ORBHCHNE S — P EBIR s BIET 5.

Nexi, BF2 is implanted under conditions of an aceeleration voliage of 40 keV and a dose of
Stimes 10215 om @ -2, Tollowed by heat treatmerst at 850 DEG C. for 30 minutes in a nitrogen
atmosphere {o form the p @ + -type source / drain diffusion layer 6 Do,

T H ﬁ%ﬁé@kev,wa%%wzimemew%ﬁﬁBﬁzﬁﬁib,ﬁwf\%%
FHEPTR S0 €, 3 050RUBETTE-Tp+ MOV—2 » FLA > EREs ZBRT S

{0019}

Next, as shown i FIG, 24, a Si#02 filin 7 having a thickness of 800 nm is deposited on the entire
surface by the CVD method, and then the spurce / drain diffusion layer 6 and the source / drain
electrode @ formed in a later step are formed. Form a contact hole for making contact.

R 2 (a) IRTHIAL, CVDEERHGT, DHIKEISOOnmOS 1 O2 7T EHRU
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Then, Ge +ion implantation is performed under the conditions of an acceleration valtage of 20
keVand a doseof 3 X 10 16 cm 2. Theveafter, heat treatment is performed in an Ar atmosphere
at 600 © C. for one hour o bond Ge and & implanted into the 8 subsirate 1 at the lower portion
of the contact hole. By such an lon 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 af the lower
part of the contact hole.

WATHEEBE2 0 keV, F—RBAX1016cm2 O TG e+ DA PHEARTRD .,
IO, ArFETBTE 007 ¢, | oA fTRG, arE 7 PAVREOS 1 B
WRIKIEASNEG e 2SS 1 EEESETIEDE. COEIBRAF0EFATE, UM TR LD,
VRSP FE-EEROS i ERI1OHFFT, SINRGCeN2EHB3S 1 —0 e BABREEK
TED,

{0020}

Next, as shown i FIG. 2R, in order to sufficiently increase the impurity activation ratio of the
Si—Ge mixed crystal layer 8 and the source / drain diffusion layer 6 therebelow, 1000 ° C.
Perform heat treatment for seconds. Then, an 800 nn thick Al alloy fim is deposited on the
entive surface as an electrode material. Finally, the Al allov film is patterned {o form source /
drain electrodes § to complete a MQOS transistor.

KICHZ (b)Y RN, S 1 —C e REESRUEDTOY—Z « Kl VHEE6 O
PSR TOoNCR A9 BdiIc, ArFHIPTLI000° ¢ 1 OPORERERT .
HNT, EERMHELTESR 00 nmD A | HEREZSWICHERT S, B DA 1EE
BERARG—ZVTLTY—A - FLa BB BIERLTMO S Fo 2 VR ENTRT 5.

{00211

FIG. 3 is an energy band diagram of the source / drain diffusion layer 6, the Si—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 between the Fermi
level of the source / drain electrode and the energy level of the valence band edge of the mixed
orystal layver or the source / drain diffusion layer in comntact with the source ¢ drain elecirode. It
is.
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{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 minimum level of the valence band is shifted to the high
level side under the influence of the Si—Ge niined 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 orystal
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 difference .phiB. Re = alphaexp (A phiB / 1/2 Nd}
where .alpha. Is a proportional coefficient, Nd is the interface density of holes, and Ads a
constard. From the above equation, it can be seen that the contact resistance Re beromes smaller
as the energy level difference .phiB becomes smaller,

IRHOEMNG, KERMOMO S FS I A0 INTE—EBEsBOHN, {EEOFNE
DR WT ERGHE, Thik, KEBHOMOS P VAL TE, S —CeolBiBso¥
WLy, HETHORMNENO AL L-UVAEBRGEI Y 7 LEMLTHS. &R, k&
WLAEEIE, ST —GelBBEsEY—2 s FLIVERSEOHNELETS, 51 —GCelld
SEAMS 1 LG4 1 1 TEHES, ﬁ ARMIRESASVEER SR OOV & S
FHEHFI R R, 22AF—BHE B EHVWTARADX I TEDESNS. Re

=pexp (A9B.1/2Nd) CTCT, oldHBEE NdRR-VOFERE, AEETS
%o EldS, ZRAAFEER BN INEE, Va2 MU RcAVDI {RZ MR
%

{0023}

Therefore, 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 layer
becomes smaller due to miniaturization, an operation delay due to the increase in contact
resistance vocurs, Absent.

Ui, AREEHOMO S PV AXOHEN, EBROFHED, Tvay MEREPAEL
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{0024}

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

Fh, REBRATE., A3 EAEFHNTS I —C o ESEBsPERT 0T, BIRERICE
AT 3‘3 G e BN \7;\ N uﬁ)ff’i% Si—CelHlBEBsRUTV—2A FloA RBEOERETN
IR, M3 KaUEXHIEELHIEET S,

-.,

{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 (ransistor can be obtained which
does not cause an operation delay even i miniaturization is performed.

A L TARRERC X, 23 AF TR o R BNI L TEZOT, 2427 PEEHIODEA
EHETE, o0, RO R THEBEREOEEROMO S b VAR ERS T MR
T :.% R

In the present embodiment, the contact holes are not completely closed, but may be completely
closed by a metal such as W,

i, ARHITE, IV X MR- AEERICI TR, WSO SR TR

4
(!

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

Hoid, ARBHOE 2 ORBIICEDAMO S FI UV UARONENTHS

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

ASERMOMO S b I URIPROEBHOETN RIS, CVREEHVT
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{0027}

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 BF2 is performed under the conditions of an acceleration voltage of 40 keV and a
dose of S.times. 10@15 cm @ -2 to form a p-type source / drain diffusion laver 16. As shown in
FIG. Next, a SiQ2 film 17 is deposited on the entire surface, and & contact hole is opened in the
Si0Z film 17,

BiE, oSl L AR, RPN BB 2 TRIEN e VRN | DEFE

AURRERIC, A MERE L 3, S MR L 4, QEEY - MR S REElL SR, IR

40keV, F—X85x1 015cm2OFMTBF2DA4F EAERTR-T pBIOV—2 -
FLAVERIE 6 BBERT 2, KICBRICS 1 D281 7 AHRULEE, oS 102K
TRV FA—REEOT S,

{0028}

Nexi, the §i--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 HEZ. Specifically, firs, the total
pressure of the mixed gas is set to 27 Pa {(SH 4 partial pressure: 6.5 Paj, the substrate
temperature is sef to 5507 C, and the $i—Ge mixed crystal laver 18 is formed. Then, the GeH4
partial pressure is gradually raised to a final value of 1.3 Pa. During this time, the HZ partial
pressure is decreased so that the SiH4 partial pressure and the total pressure become constant at
6.5 Pa and 27 Pa, respectively. After forming the 5i-Ge mixed crysial laver 18 by the CVD method
under such conditions, for example, ion mplantation of 200 keV, Ltimes. 10@156 om @ -2 and 30D
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
electrodes 19 made of an Al alloy are formed to complete the MQS transistor.

S 1 H4 2CG e H4 EH2 CORGHAREHLBHCVDIRICKD, a¥ 87 k-
ICS 1 — G el SEMEORTETHD S, BAmic, §y., B osihs
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P REBHTS. FLT, 4G e He R EEL, BENCEY. 3Pa k9%, O
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XL, TOXIBEHTCVDERIDS 1 —C o REE 1 3FERLER, #HAKE. B
QOkeV, 1 21015cm2230keV, 321 015cm2007FFAERTEND, Hn
T CORMPICA r BRI 0007 ¢ 81 OPaiE 7 — AT S, S,
AlSEh ka3 V—A - FLAVEEI OFERLTMOS YR EHENT S,
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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 laver in which the ratio of 5i to Ge is constant at 4: 1 can be formed. In this case, a band
+€ mixed orystal fayer 18

structure as shown in FIG. That is, at the boundary betw
and the Si subsirate 1, a band structure in which the conduction band is discontinupus is
obiained.

FB, STHADHFEWT 20 e HA pHERBE —BRTHE, Si2Celold 12—
?Es?) S 'i - {: ’Eﬁf}&i@ﬁ }f. fﬁ 5’». J_(ﬂiﬁ% m L‘! ;«_fj\ ’?c}: J :?{'3:} ;:"’ }"%\‘E Oi 3}\
Si—GCelRSEI8LS 1Bk 2o *“”z»’fif@'u FHOVRNEERL A A FREESE bR S,

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

19 is connected to the source { drain diffusion fayer 16 through the §
18, sp the conduction band edge and the valence band edge Regardless of discontinuiiies and
cortinudly, the energy level difference ¢ B decreases and the contact resistance decreases,

PARAATEHETEOAEMOS PV IARZTE, V—R « FLAVERBIOHNAS i —C el
REI8RENTLTY X FLAVERE ] Qk?%%’ LTV a0, &850, SRR
e, HEICEDS T, DOV E-EIS s RAVREI Y, 3y Ry MRS E RS,

Therefore, even if the elements are miniaturized, the operating speed can be kept high. Further,
sintce 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.

Lizhio T, #FOMEET R TS, BilERE MO ENTES, i, OV Dm
LTS 1 — GBI 8EERLTOBOT, 713 4EAGESOXIIKS 181 1icX
7( J?)*lj'ﬂ.%;a\@lsitiv“o

{0031}

In the present embodiment, the contact holes are not completely filled with the $i-Ge mixed
crystal layver 18, but as shovwn 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.

5, SRR TE. SF?ﬁFﬁwm Si—CelERE1 s TR, |
TIORTEIE, Toa2 MA—bES 1 —C e BEE 1 8 THA DT L HEESRIED
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{0032}

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

formed.

Fih, BHEHOVDEKKEY, o029 PR—ARIES 1 — 0 e HEE 1 8 EHREOE SETHR
FHRLOEE, REIES 1 —0 e CHBLUAER, S vFN\o PEFESCETIET MK
—IRIES 1 —C e &S 1 REEBRLTAHEW,

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

B8, ATRHON 3 ORERICHEDAIMO S P YA FOMETREHNTS S,
{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 forined on the element formation region of the silicon substrate 21
surrounded by the element isolation oxide film 22. A sidewall gate insulating film 25 and p-type
source / drain diffusion lavers 26 are formed.

FF, H L OEEREEREAERRVT, B8 (o) mmdud, BEoNnssmEz 2 TH
Eh iﬁﬁjﬁﬁ3imﬁf%&ﬁﬁ_‘7“¥%ﬁﬁuo,3“%%@24,@%?“%%
BE 25, pHBV—Z - FLAVERIE2 s BIERT 3,

{0034}

Nexi, as shown in FIG. 8B, Ge + ions are implanted 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 source 7 drain diffusion layer 26.

RICES (b)) WndlIk, Ces AF0EMEETE20keV, F—XR3X1016cm-2D
FHTIAR, F—rEE2 4, V—RA - FLAVERE2 s DFEFRC e BEAT S,

Next, Ge and Si are bonded to each other using a heat treatment at 600 C. for one hour in an

02-08-20198 13

203



Ar atmosphere t & mixed crystal layer 28. Thereafter, heat treatment at 1000° €.
for 10 seconds is performed in an Ar atmosphere to increase the activation ratio of the impurities
it the Si—Ge mixed crystal laver 28 and the source ¢ drain diffusion layer 26 thereunder and the

gate electrode 24. .

ATA r BREPT, 600° ¢ 1 NEORIMERNTCe &S 1 EEFESEE.
S i—G egzms@’)b F{;ﬁk‘é‘e@w _G}{& S i—{s e‘gsaﬁs@“’ Sfx', f@‘?@)f‘“‘}( s Fig

1u00 Q 1u@mﬁ%ﬁgﬂfﬁ@%®uﬁ@va

{0035]

Next, as shown in FIG. 8C, after depositing a Si02 film 27 with a thickness of 800 nm on the
entire surface by CVD, contact holes are opened in the Si(32 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 eleciredes 29, Thus, the MOS transisior is completed,

RICES (o) IRTML, CVDEERGT, SHIKEIE00nm®S { O2 K2 7 2HR
Uists, coSi0zBeTicaviay M\.«‘;b%‘:f’kﬁ 5, R, SEICEES0 0 mD
Al GSBRHERLER, ChE\Fd—o LTV —2A R rERe 9FBRLT

MO S FI I ARARERT D,

{0036}

Even in the method described above, since the source / drain electrode 29 and the source / drain
diffusion laver 26 are connected via the S5i-Ge mixed orystal layer 28, the energy level difference
@ B becomes small, and as a result, minkaturization Even i it does, since the parasitic resistance
by coract resistance can be kept low, an operation delay does not occur: Iin the present
embodiment, the contact hales are not completely rlosed, bt may be filled with a metal such as
W o be completely closed,

PLEARATHETE, S1—CeBEE22NLTY—X - FLrrEE20EV—X - R
A VEEE 2 6 EAERL THWEOT, Z3E-BE o BAVRE b TOER, it
B TE, IR0 MEFKISFEERZECEDT LY TESOTHERERAE LN
o b, ARBHMTE., 3R 7 FHRVARSIEEMNMN TRV, WEORBERBUTSE
BIEEANIERE LT E,

{0037}
FIG. O is a cross-sectional view of the MOS {ransistor according to the fourth embodiment of the

present invention. The MOS {ransistor of this embodiment is different from that of the third
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embodiment in that a 51-Ge mixed crystal layver is formed by using the VD method.

B Q. Ké&@%4@k%%k%b@ﬂi?%ﬁy/aiwwmmfﬁagiﬁﬁmﬁ
MOS RS UVRAPABICHEBEROTNEREZSE., CVDHEHWTS 1 —CcBEEBEE
Rl riHES,

{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 elemeryt formation region of
the silicon substrate 31 surrounded by the element isplation 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 nun using a selective CVD method. Thereafter, the same steps of depeositing the
S0 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
irtto the 5§-Ge mixed crystal layver 38 on the source / drain diffusion layer 36 by, for example,
implanting B ions under condifions 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° C for 10 seconds.

33, FbREER 4, RS- MERES 5, pBlOY— %bfzﬁﬁﬁoa B LE
%, BIRCVDEBEHWTVY—Z - FLAVERE8 I GelRB3 s
5@nm®§3&§%%E$&$%@a@ﬁ\%mﬁﬁwaﬁ$&€ D23 7T ONRITE,
DR RRVOBRITR, VX« FLAVEES 0DBERIRERTMOS bV A
HSERT B, BB, VR FLAVEREE3 6 EOS 1 — C ¢ RS 3 8 O THE AL
Wmﬁ\Mﬁ%F4Ukew,*“Xii\lﬁm(m2§ m%ﬁ(ﬁm%ﬁx&«ﬁwﬁq
oik, 10007 €, 1 OO ET — L E2TRAERY,

B, RPH8HRAERS 2 THEN Y oVEIRS | R FERMEC, 7 MEE
R
WS

{0039}

Even with the MOS {ransistor obtained by such a method, the same effect as that of the previous
embodiment can be obtained. 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.

COEA3ERAFETELSNEMOS F U ZA2 TR AOFRMEBRTGENEEND., &E.
AERFOESE, WEOSETOVy# 9 Fh—l B8 TE RN, K1 0, ABHOE s
EHEHCBRDAMO S P VI AXOERNTES

{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,

PERETRICIECRHT S &0 29, RFoRRER Y 2 TR SN I o VER
1 OB TEHGERIC, V- PR 4 3, P PEEL 4, RS- MERIR 4 S BBINT S

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

KIEBDAFVEAETZ ST pHOV—2 - FLAERE4 0 BERL, 1EHE Ced
AAVEAETESTS 1 —C e BEB 4 8/*’?5 KT B

Thereafter, in order to activate B in the source / drain diffasion layer 486, a heat treatment at
1000 ° C for 10 seconds is performed in an Ar atmosphere as in the third embodiment.

O, VX FLAVERE 4 s O BOFEboRHI, ERoREREERK
1000°C, 1 OBORINEA r RERPTHES,

{0042}

Next, tiardum 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.

RIS 1 H4ETi1C 4 POESHAREHL, BEREEFT S50 CUREUER
CVDHEIKED, VR FLA a4 PloFa /o8P (T1 S 12
HICHERY 5,

{0043}
Next, a SiOZ film 47 is deposited on the entire surface by the CVID method, and a contact hole is
opened i the MOZ film 47,

W COVDERHWTS 1 02 Ba 75 DEIEHSLAR, 0OS 1 02Ba 722k
"““..Ii«”é:g;ﬁ--- {...w‘é—ao
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Finally, an Al alloy film is deposited on the entire surface and patterned to form source 7 drain
electrodes 49, thereby completing the MOS transistor,

F|RIK, AR eamicgL., ThE3E—ny LTV » PLAERL OFHER
LTMOS P2 RA M&$@

{0044}
According to the method described above, since the TiSi2 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.

PlESREAEIENRE, ST —GCelBfB48&Y—X - FLAVEH4 9 2OMIK
TiSiZ2B40ERI-OT, a0k ?5&&%&ﬂvﬂfﬂ$ﬁ\L*

{0045]

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

o, BEGERTIE. &vP‘ﬁfﬁwﬁ:j\éEﬁ

YUS i —GCeBE4 8 BERLES |
1 HiERT RS, }?3{}2{_\ V DRI —Ge

HaE4 8 aZBERLUTLEHNL,

in addition, the contact hole may be completely closed with a metal such as W FIG. 12 is a cross-
sectional view of the manufacturing process of the MUS transistor aceording to the sixth
embodiment of the present invention.

T, WREQSRTIVZ Y pR— BN TEENY, B 2, ARIEHOE 6 DI
W@ baMOS E“E’??f‘if,?&ﬁ’ﬁ)ﬁxé.Iﬁhiﬁﬁélﬁﬁ THB.

{0046}

First, as shown in FIG. 124, a S10 2 film 52 for element isolation is formed o1 an n-type S

substrate 51, Next, (e fons are implanted into the St 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 51-Ge mixed crystal layer 58 is formed in

the vicinity of the substrate surface, and the 51 layer 50 is formed thereon. Then, the Si layer 50

is thermally oxidized to form a gate oxide film 53 having & thickness of 8 nm, and a
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polverystalline sthcon film 10 be a gate elecirode 56 is deposited on the entive surface, and
subsequently patterned using photolithography. The gate elecirode 56 is formed. Thereafter, an
Si0 2 film is deposited on the entive surface, and this is etched hack to form a sidewall gate
insulating film b5,

Fd° Eféﬂ > (a) I ”ﬁ“ﬁiﬁi n*“‘fé’) PEMS 1 RICET RS 1 Q2 S 2RERYS
o MTC eAFUEMI/IFEIO0ke Y, F—ZAB3X10168cm20%HTS 1t R
W}mﬁﬁ CRROT, ArSERPRTE00° ¢ o7 AR JORR, B
W%Tﬁﬁhhx—bn””“%hﬁ%ﬁﬁﬁ FOLIS 1S OB ENRS. TLD
SIESOERRELTEER nmOY — PREES 3 2BR LR, fSEicY—PEMS B &
REBEFUIVERERL, 80T, ahFE T PUVTS D o BHONTRE—Z VLT
?“%%@5@%%&?%9E@%,Siﬂdﬁ%ﬁ@h%ﬁt\wﬂmhv%hwb%%t

RS — MBI S S EEKT A,

{0047}

Next, as shown in FIG. 12 {b}, BFZ tons are implanted under the conditions of an acceleration
voltage of 40 keV and a dose of 5.iimes. 10@15 cm @ -2, followed by annealing at B50 DEG C, for
30 minutes in a nitrogen aimosphere. Source / drain diffusion layer 56 is formed.

I 2 (b)) LR, BE2 A2 EMEEFE40keV, Fwﬁ@%5»<i@15cm—
OB TITBAAFER, ERFHRERT8 50 ¢, 30007 =Tl p BV -2
FLA4 s s RERT S,

{0048}

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

IS 2 (o) IGRTHS, CVDERHWT, 2EKKEIS 0O anm®MS 1 Q2 728
BULAEE, S102ZEES7, #0FOS i85 0CBRowyF 7 EEL, 51 —0C B8
SEMVHTZEIN IR PRA—AEERTD

Finally, an Al alloy {ilm is deposifed on the entire surface and patterned to form source / drain
electrades 59, thereby completing the MOS transistor.

Biglc, SEICA | SEEFHEL, ChERR—- W LTY—2 FLAVEES aBER
LTMOS FS P AARERT 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 HR as in the MOS transistor described above, so that the confact resistance
can be reduced.

PEERRAHETL, FIEHHUAEMOS PO WY ASEEBICS | —C e BEESRKE
FFEAR SR AN EL EZOT, 225 PHOBRESENS.

{0050}
Note that the Si—Ge mixed crystal layer 58 can be formed by using the selective CVD methed
insfead of jon implartation.

25, AAVHEAODIERCVDEBERVTES 1 —C «REE S 8BBERTES,

That is, after the S0 2 film 52 for elemertt ksolation s formed, a 3i—Ge mixed crystal laver 58 i
deposited on the surface of the Si substrate &1 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 comntact hole may be filled with a metal such as W,

BB, 70 S 1 0286 28 L, BIRCVIDEEROCT, R7PEREEOS i &
o 1oREIC, S1—C BB 3FHRL, o, HUE ?’IC VDEERNT,
Si—GCelEWBrRrECS 1 Br 0EERTAIERY, £, arva s bh—AE2WEOEE
THEAZ ATH HL,

{0051}

FIG. 13 is a cross-sectional view of the MOS transistor according to the seventh embodiment of
the present inventinn. The portions corresponding fo the MOS transistors in Flte. 12 are assigned
the same reference muumerals 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 laver 58

Bl 3, AREOETORBMCEDAIMOS U YAXONERTES, K. M1 2o
MOS PSR EHRTLBHICER 2 2E—/E %ﬁLL%HQﬁ%&ﬁ%iﬁ X
5 &%%W@WUS}7JJA§WPG®¥%%OAf PRESHR. Si—CeBREs8 E
KU REBR LR IES,
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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 nifrogen atmosphere. As a result,
all of the St fayer 5 in coniact with the Ti film is changed fo the TiNZ film 60. After this, the
unreacted Ti film and TiN film are removed. The subsequernt steps are the same as in the
previous embodiment. By the above-described steps, the MOS transistor having the siructure left
on the TiS2 film 60 on the gaie elecirode 54 and the source / drain diffusion layer 56 is

obiained.
Hit, V—A - FLOVEBEES 6 BERLUEE, 2T | BEERL, i1, 8R8HK

FT700°C, 3OOV R ES., ZOBR, TIiREEMUTWES iB50K
BETTIS 1280 08D E, ok, RREOT HED, Ti NEErRET S, JOBOL
BlbodE e ERThs,. Mook, '~ MEE 4, V—A - FLA4ERE

56 EIKT 1S 126 QB REOMOS bV ARNELND,

{0053}

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

IHDEBLLTELNEMOS FS Y VRAATE., S1—CellREs58EV—2A FLIE
WOOELOBMIRTIS 2B 0MNEREINTVAROT, JX&7 MERELDNSF S AT
G, B, 3VAY FR—IPWEOSR TRSIEBRATRY,

{0054

The present invention is not Hmited fo the embodiments described above. For example, in the
MOS transistor of FIG. 7, the contact hole is completely filled with the 5i-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 TiSi2 is used as the silicide in the fifth and seventh
embodiments, other silicides may be used.

ol SREE DAL ASEMICEEIR3 ST R, Fl2E, RTOMOS YR E
T, S i —CeDPEME, nuF Ay EICED, VAT RR—AES | —C e BEE
TSRS A, BIRCVDEE XD IV EY PR—VOEARET RS TERN. Fhl B

BT OSBHTE, YUY RELTT S i 2 FHOWEMEOS U FERNTLEN

5,
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In the above embodiment, the p-channel MOS transistor is described, but the present invention is
similarly applied to an n-channel MOS iransistor, a MIS transistor using silicon other than the
MOS transistor, and a CMOS transistor as well, it can.

Fie, BRSEERTE, pFrbOMO S PEFUVARORESICOGCTIRIB UM, R3ERE
, nFRRNVOMOS I URERY, MOS RS URRUAOVIayEROEMIS M
AL W, CMOS PR UVRARLERIOBHTES

{0056}

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

Fie, FEEEERTE, S —C e DESEERVED, S LR oEAE, fRE
STEGCeMAOT VIETRELOEREEZRWTE L,

The point is that the energy level difference ¢ B should be small. In addition, various
muodifications can be made withowt departing from the scope of the present invention.

LR L F AR 0 B AVINE CBIUERY. TOf, ARHOBEZRHRLACIMT,
REFHLTRIETE 3.

{0057}

As described above in detail, according to the present invention, even if the mindaturization of the
device progresses and the contact area befween the source / drain electrode and the souroe /
drain diffusion layer becomes smaller, the increase in contact resistance is prevested. A
sentconductor device that can be obtained can be obtained.

[BEHOSR] LR UL R RE, 8Fo8EsdER, V-4 FLa08
EV—2 « FLo 082 OBMBRINECE-TE, 2227 MEHOBARFHELE
LHYEEEEFES I EATES,

{0058}

Brief descriplion of the drawings

B D 5 BT
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{0059}

1 is a cross-sectional view of a manufacturing step of the MOS transistor according to the first

embodiment of the present invention.

BRSSO S 1 OEBRICEDLAMO S P IR 20BN TRNTEN,

{0060}
FIG. 2 18 a cross-sectional view of a manufacturing step of the MOS transistor according to the

first embodiment of the present invention.

B 2 ASERON | ORI EDBMO S b 5292 2 OB TRITHEN.

{00611
3 is an energy band diagram of the contact hole portion of the MOS transistor of FIG.

A 2OMOS I YREDIAVAT FR—NEOr b —3 B,

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

B AGEOREOMOS PSS RAOT Y KY FAR—IVEGL RNV KR,

{0063}
5 is an energy band diagram of the contact hole portion of the MOS transistor of FIG.

BSHEeOMOS po2URAOIVEY FR—IVEOT I N KB,

{0064}

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

invention.

6 AFEHOR 2 ORBHISHFDBMO S 52 VR ROWE .

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

BI7 3252 bR—A8S5 | —C e HBBTHDLENEMO 5 F 3 VYA ZOlmN,

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

SR AREHOE 3 OEBHICELAMO S P UA SO TENEB,

{0067}

3 s a cross-sectional view of a MOS traasistor according to a fourth embodiment of the present
invention,

o ARERIH O 4 OWEEMICHRDOMO S M I XU A X DMHIN.

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

{

B 1 OARBHOE S OSB3 MO 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.

M1 LBIRC VDHEMVTS | — 6 e RABAERLIEHAOMO S b9 29 A X OB,

{0070}
FiGs. 12 is a cross-sectional view of a manufacturing step of the MOS transistor according to the
sixth embodiment of the present invention.

1 2B 6 OFEMIICEBAMO S P R A OREE TN,
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{0071}
13 is a cross-sectional view of a MOS transistor according to a seventh embediment of the
present invention,

B 1 3AFHOR T OSEIICROLEMO S I U X ROMHEK,

{0072}

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

1 4ROMO S P UUARORERN,

{007 3]

Explanation of sign

{007 4]

1,11, 21,31, 41, 51 .. Sisubstrate 2, 12, 22, 34, 42, 52 ... Oxide film for element separation 3,

13, 23, 33, 45, 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 . 80 2 films 8, 18, 28, 38, 48, 58 . Si-Ge mixed crystal lavers 8, 19, 29, 39, 49,859
. source / drain electrodes 40, 60 ... titanium silicide {TiSIZ) 8D .. §i layer

I, v, 21, 31, 41, 51-Si1&HK2, 12, 22, 32, 42, 52--BF8EH
s, 13, 23, 33, 43, 5 3 R EHEER

4, 14, 24, 34, 44, 54--5—PEERS5, 15, 25, 35, 45, 55—
FEREG, 16, 26 36,4G.¢meWA'be7$@§

7, 17, 735?,47,)? SO E

S, 18, 8 5 29, 39, 49, 59/

128, 48, & c;i—ue?,;mm‘q 19
R 4 60

w3
—AX e FlA ?ﬂxvf}ﬁ‘ff}*fTiS 2) 5081
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atent Transiate

Fovwersd by BP0 and Googls

A
)

L

Notice

This transiation is machine-generaied. 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 o1 machine-translation cutput.

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 hetween the source ¢ drain
electrode and the source / drain diffusion laver A mixed crystal layer made of silicon and 2
predetermined elemertt; and as the predetermined element, the energy level at the valence band
edge of the mixed crystal laver and the Fermid 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 valenice band edge of the source / drain diffusion layver
and a Fermi level of the source 7 drain electrode is selected,

DU IVEROERMIOGER I N Y—X « FLA VB E, 2OV —RX « FLJ 08 hic
EREIhiV—R « R 08l E, COV—2 - FLAYERENMEY X« Rl Wil
ORISRV IVEEORREDSASESBEREML TED, sIdHEOR
ELUT., #idRSEOEE THHROL OB LHEY R - FL V8RO 7 b IR
EOEDN, BEVY—A - FLA CERRORETFHROLAAFI R SV A - FLA v
BEOT b IRL L ORI DT {ELARERAEC 2 PRI L § 2 0 EE.

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
vatence band edge of the mixed crystal layer and the Fermi level of the source / drain elecirede 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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YU OVBHOBEIO X« FLTrREERERT3TRE, CVDERRUTHRY—A
s Pl VBB HIC U OV EREORELHAORIREEERERT S IR CoREBLE
=X« FLAVERERBNKNT 2 IREFBEL TR, sildEOLRE LT, WRAS
O RO T VP LAY R« RLf VB0 7 o VI WHE LD, HiEY—
Ao FLA vESEOHEETEHRO DI AT EA LY —R « R/ o8RO 7 2V I8
PORI DDA IRLFEESBAFC L RERE S T3 P84S O A,
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Abstract of JPHOTIG0H58 (A}

PURPOEE To enable & shallow junction of a source 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 substrate sandwiching a gate slecirode 3 between
thermn through a selective chemical vapor growih method, and then N-type impurily ions
are implaniad o form a source region 10 and a drain region 10,
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This transiation is machine-generaied. lf cannot be guaranteed that i is intelligible, accurate,
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DESCRIPTION JPHO7169958

{0001}

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

(3 LORMBSE] RN PERERE TR0 MECED b FIRRS — FERS
RESIAH LR MOSFETERY) BIAUZOREHRICETS.

{0002}

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 ene half of that of silicon. In addition, since the band gap of germanium is smaller than
that of silicon, the Schottky barrier 18 also small, so that the source / drain contact has a low
resistance.

(REROEW] MOSFETOV—RA, FLAVCPMToLERVS L, Flv oy Lok
FRPU VO 2 THLIHEEELEEREHOY X, FL7ryafonsg, £
W AORY Ry TR a2y pNEI0nESH Y ay b0 hE{, Lizhis
TV—RZ, FlArDaray bMEER KD,

{0003}
The prior art disclosed it Japanese Patent Application Laid-Open No. 63-13379 using
germanium for the source and drain of the MOSFET will be described.

MOSFETOV—A, FLad Iy Avoy LEHOERHEEG 3—1 33 7 9 BARICRIR
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ENTVSIOEEHTESRINT 3.

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

ZOMREHERS (a) M5 () OTEARTH”S {(d) OMOSFETERS,

{00051

First, as shown in FIG. 54, 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.

FTHE () WRTESE, pRYIVERIOPHEHRFE 2 | Ricr—rBlEz % ﬁb
TR 2207 - MERSEBRL, F— FEE3 O BCEU I VBRI 4 &,
bR R OIS ) o VBB ER W 5 BIERT 3.

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

%F@S(b)ﬁ??&%:\V~R$&§F&4?%%ﬁﬁ@%¥ﬂyﬁﬁ%Iv%yﬁbf
MR 2 2B ERE,. 5 (o) WRTESIE, nBY oY AR 8 B ERESEHEREER
&%ﬁﬁé@\i@gi@w&ﬁvwﬁﬁgm%biziﬁ%%ﬁ?%c

Further, as shown in FIG. 8D, after 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
composed of the n-type germantam 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 laver
resistance by utilizing the difference in resistivity as described above, and to lower the contact
resistance by utilizing the difference in band gap.

HICES (d) ORI XK, XEAEEREE L 1 T8y, oxa s L 2L URER.
THIZGARBRIL 58 n WA LB LS Y —ABLIT RV sRESELT
HDSFETﬁmkff STV R . bb{xﬁwﬂﬁzf&&\ﬁw ooty BNl SON G
RUEOR, ERUEL S ICHHRROEPFH L THEEEHE T, A2 v v TORER

BLUTar2 5 PR TSRO TE S,
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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, # is difficult to control the etching end point.
There is a probleny 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 noi suitable
as a manufacturing method.

eI L LS L9 2388] coOMROMOSFET TR, V—ABXURL » e
RSBy arBEBRETLyF TR @\%m*:;Aﬁxﬁﬁ BB, ToyF i
MY HOBEIEETED, V-ABIUT R LA rEHOBGOBINESDEH 2N f‘p%*‘é%
ﬁ@%aiﬁn%v$ﬂuo FETIRBOTE n YLy ABEZRMESSEREER
DB IR TV —ABXU R VEEFERLEFRRE RS i, B—F v 7 hikn %Jp
FIAMOSFETE pF v 3 MOSFETHRETSCMOSOEEABELTRET AW
WHIMENS S,

{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 frst surface area and flat with the first
surface area. A silicon substrate having a surface region of the first conductive reglon, a gate
electrode 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 laver made of germanium or germanium and liquid
crystal of silicon formed respectively are formed. A metal wire such as an aluminum wire is
connecied {o the upper surface of the semiconductor layer. Here, the semiconductor laver is
formed of a stack of germanium or a mixed crystal of germantum and silicon different in
composition ratie, 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 ratio of
germanium can be made higher in the upper par{ 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. I can be done.

{ﬁ%v@k& SHOFE] ASHORBNZ, B1oRERE S CEE 1 oFEEEREE
iSAfﬁﬁL@vmﬁinﬁﬁmwv SHAF 2 BIUHEIOREHEEHTAE Y OVE
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e, B-SENoONES | o&mEE Moy - MERBEN L TER S N EICERREREY
25— bERE I 2 BRUR 3oFHEHEE HICFhFREREne s byo o LE RS
W KNES Y VOSSR PEREOE T EENOV-ZERT R L YRR L
AZYEHERCHD, COPEEBO PRI I ARGSOSBREEM BT NS,

QCT\ﬁ%i%%@#&ﬁ&mﬁ&m%&?mﬁmii&ﬁ%“wﬁgﬁvU3;@%@@%
BAHHRY., TEIOLEBOARP AT LoERIEESEL T3 iﬁ TEZ, HEVE,

B SAEHRESBE T YTr A LY U O OEEN SR Y. FELD B BN
B Lo EE L é“?m ATES. Ek, il PR TosR U 3V EBRO
FECE 2 BRAUE 3 oXEBEICENTRE TSSO ayEMERI . v —A8&
GF&%}@@@?&%%@%JUHJ@V%M%%%Fu$@%@§h%zgﬁ?%%c

{D008]

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

RFIHOMOTRIE, MIFEH 2 35 & U 3 O RITHI LIS L BRI AR BRI
KDERL, UhiE STEERONE A EAT S LR ETERNOERY —
ABE K LA VSRR B & T PR AR 2195 PR OBE 1A 5 5,

{0009}

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

(SeRe] RICRBIICOWTHEESBL THNT %,

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

81 é&ﬁfiﬁg}u& i @ﬁ&ﬁ‘fﬁ'}}v)\iﬁ FET %:Pe};ii"{i@gj ’\a) ?3&{2: { &} OB—B" gﬂa)g&
WX (b THB,

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

RPEN (a) KW TEHEREBREREARLTH L.
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{0011}

The first and second surface regions 31 and 31 are interposed between the flat main surface 21
of the p-iype silicon substrate 1 and the first and second surface regions 31 and 32 are flat and
flat, It has surface area 32,33,

REATHRELADE | OREEH S | G PHEN 2 BRUE 3 OREEKI 2, 338FLT
AE

The gate elecirede 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 layers &
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 germandum lavers 7 as source and drain
electrode wires through the contact holes 12 formed in the interlayer insalating film 1 1.

p RO | OFRFEWEI 1 BIIY - PBEB 22U T PEEI BRI A, - B
AOFEAU VBB ASHBR LAY O VBREESHERLTVS, 25108
3OEEEEI 2, 33 MCFRAFhEY N TZAET7, THEREAFOTOE o BLUE
IOFHMBEICERIARVIIVEG, 6L RLV—ABXURLI>EEL0, 1 088
MLTNS, FLTEHBEE TKEBREINEIVEY P 28BLUTT I LA
AV - AEREEBIURLA VEEEBL LTy LT, TIEEE

{0012}

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

W 2 2L TE 1 OFRRORETEERIT 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 fat surface 21 of the p-iype silicon substrate 1 through the gate
oxide film 2 having a thickness of & to 10 nm. The gate electrode 3 is formed, the silicon oxide
film 4 having a thickness of 50 nm is fornied on the gate electrode 3, and the side wall 5 of the
silicon oxide film having a width of 30 to 100 nm is formed on the side surface of the gate

02-08-2018 &
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electrode 3

£9, M2 (a) R R, pHUoWERI OPEEERT 2 zm%iwﬁmﬁﬁ i
HXS5~1 0nmdOY—rBEE2&NTLTEI 200 nmOSEERI Y Vv0r—EESE
ERL, A~ PERIOMIEEXS 0 nmoO oyt aF, Y~ rEEIOEECRE
e 0~1 00 nmdd Y aVEEORRE S 2T 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 regions. Grow by phase growth method.

ICHEZ (D) KTk, V—ABXUPFLs rvERERE RS VY ayEROBE 2 BLT
FBaOB@EEME 2, 33 LKEXR~100nmO /Yy R0 ov WS 458K
P RHERERC RO RESES.

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

e (o) KRT R, nBTMPE 42 AL Tl arEe, skl
ZULET, 7#%&%?“3%&3?&4/i0%%@@@g

{0016}

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

KER2 () IORT &5, ERPEREERE 1 T, v ML 2 2B LR,
““ﬁ&%ﬁl",ij%vwxﬁk@ﬁv{ylﬁ 10OaBPLTSLET, TH
%@M% Fl. BMIEFEIREOMOS FETHAWKT %,

Although the diffusion layer resistance and the comntact resistance are slightly high, it is also
possible to grow a silicon germanium layer instead of the germanium layer 7.

0

SHEMBEERRC O 2y FEREPDERSS, P B ToRbicyyarisin
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{0017}

FIG 3 5 & cross-sectional view showing a MQSFET according to a second embodiment of the
present nvention. The difference from the first embodinent is that the source and drain regions
10, 10 are n-type silicon lavers 6, 6 and n-type silicon germanium. The mixed crystal layers 8
and 8 and the n-type germanium layers 7 and 7 stacked thereover

B9 3 EoASHOR 2 OREFOMO S F E TRRIWENTS D, 81 ol olgsia v
—ABRUFLAVEEL 0, 1 08nRXYIVES, 8 E&n Iy Py LORR
DS, RBIVLD RERBINEn IV Y LET, THOREENTWE I THS

o

{0018}

Fuarther, FIG. 4 is a cross-sectional view of a MOSFET showing a third embodiment of the presert
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 8
of mixed orystals of high n-type stlicon germanium.

Fh, RAGKBROEIOEHEARTMOS FETONERTHD, V—ABXTURLIY
L O, 0B aVEE, 6 L ™IS EYoRAVIVYT Y LoEER—EDEW
nW Oy AOBREOES, ohERBREhTNS,

{0019]

Although it is desirable that the source and drain regions be formed of germaniom in order to
lower the diffusion laver resistance and the confact resistance, when the germarsum 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.

BRBERRCTI V27 FEFP IR DRV —RAEIT R LA YERRZY AT LTE
RENSTENRE LW, —HTUaVEROERICOS AT LErBEEE ISR
LU EFAT I AR TEROEES SERAMESREUMO S F E TORERR{EY
AR S B,

Irr order to avold this problem, in the second and third embodiments, a silicon germanium layer
having a latiice constant between silicon and germanium is formed as a buffer laver on the

02-08-2018 7
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surface of the silicnn subsirate fo prevent the occurrence of crvstal defects. I is

t@%ﬁ%&ﬁ%ﬁ&c,% . B3 ovEdE %”ﬁynﬂx%ﬁwauxwﬂfk& ol )
LOPBIORTEREET LYY LABENy TP EE LTERL. *&%%@%
%@ﬁ%bfﬂ?@c%%o

10020}

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

SHOSE] BBHOMOSFETE, F—MERFEIATE-EEYO VY o BEEm
FHEREOBE R TERERAEP AT IO LERR YT L) armEEH SRR
EHRTVABEEEAEPRSE TEEHOV—ABE XU N LA EEERI TV,

{0021}

The semiconductor laver is formed by selective chemical vapor depostiion, and the source and
drain regions are formed by ion implantation of impurities of the second conductivily type
thereafter.

Fie BRSPS REEERESMEHERRC X » TR IO, 2ORTESEROTWE- 4
VEATAHI KX T, EEV-ABIUF LA MEBPBRIN TV,

Therefore, a shallow junction can be formed with good confrollability as compared with the
conventional example, and # s also sultable as 3 CMOS manufacturing method.

LIedSo THORMIIC IR UTRUCEGERHERR BRS8N TE LML OMOSORLE
HEELTEELELOER 2TV,

02-08-2018 8

235



*atent Translate

Fovwersd by BP0 and Googls

§§§

N
&g

Notice

This transiation is machine-generaied. 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 o1 machine-translation cutput.

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 arveas; A gate electrode
formed on a first surface region through a gate insulating flm and having an insulating film on
the side surface, and germanium or a mixed crystal of germanium and silicon formed on the
secoid and third surface regions, respectively A semiconductor device compristug: source and
drain regions of a second conductivity type of a semiconductor layer.

1 OREHERE L ICE | 0XREFERZ I I ATHR LA DS | OXEEE Tk
2 B RUH S ORMENEH TS Y 3VERE B-REMONE | ofusil Ricy—
MEREEN LU TERS A NRICERBREE T L7 — ML | a6l 2 B R UE 3 DR i
FIEERFNERENET AT LERR VAT LG LE U VDRGSR PEEEO

HIRRUOV-ABXU R LA VBRBEREAS  E2HRE 18N,

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.

AR PRAESHBREORNER AT A E RS AT 0 LY D VOB FOREEN S

Y. TEIDE ESOART LT LOJHKESEG T SRR L9 550 KE 1 KRR
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.

FIREERESHEESEET 3SR 2T L 8V I OESMEHD . TEXDE LRaR
AT o AORBRIED RO O L BRI E T 28R | IS8R,

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 sentdeconductor laver, and each of the source and drain
regions is composed of the silicon layer and the semiconductor layer The semiconductor device
according to claim 1 or 2 characterized in that:

FIOEEERE TONY Y o ryEROES 2 B8R U 3 oEERBC I FhE —gasay
DOVEAERIN, RV —2A8LT RV VyEROFHThEES Y VB R BEas
MEOEREINTOECEEEHEE YA REH I RE 2 L O RE s n 8o s

Q@

5.
The semiconductor device according to claim 1, wherein a metal wiring is connected to an upper
surface of the semiconductor layer.

R PEARO HECSRERPERIN TV R T L2 R &9 2 50RE ICHESo PR EsE

[}

8.

The semiconductor layer is formed on the second and third surface regions by a selective
chernical vapor deposition method, and then the second conductivity type source and drain
regions are formed by lon implantation of impurities of the second conductivity type. A method
of manufacturing a semiconductor device according to any one of clalms 1 te §, wherehn

m@%ﬁ%&“%”ﬁfﬁﬁﬁiCﬁ@ﬁ%ﬁ%ﬁﬁﬁﬁ”ﬂﬁﬂﬁ&&iﬁ%&t ULing i
ETSEROTRSMRE A VEATEIEICKDE D ﬁﬁm@%ﬁvwﬁﬁid¥bf REE
ERT S BRS¢ O ENRE 5 K0T h IS S0 PEEEE ORI .
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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 FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/416,445 05/20/2019 2811 1880 P38507USC2-C1 9 3
CONFIRMATION NO. 5347
31817 UPDATED FILING RECEIPT
SCHWABE, WILLIAMSON & WYATT, P.C.
T & ot T

Portland, OR 97204
Date Mailed: 08/01/2019

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
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
GLENN A. GLASS, Portland, OR;
ANAND S. MURTHY, Portland, OR;
TAHIR GHANI, Portland, OR;
Applicant(s)
INTEL CORPORATION, Santa Clara, CA;
Assignment For Published Patent Application
INTEL CORPORATION, Santa Clara, CA

Power of Attorney: The patent practitioners associated with Customer Number 31817

Domestic Priority data as claimed by applicant
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

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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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.
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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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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
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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.
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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.
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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.
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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.
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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

Justin K. Brask
Reg. No. 61080

8 Title: CONTACT RESISTANCE REDUCTION

EMPLOYING GERMANIUM OVERLAYER
PRE-CONTACT METALIZATION
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

GLENN A. GLASS Examiner: N/A
Application No.: 16/416,445 Art Unit: 2811
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 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.
Respectfully submitted,

SCHWABE, WILLIAMSON & WYATT, P.C.

July 29, 2019 /Justin K. Brask/

Date Justin K. Brask
Reg. No. 61,080

1211 SW 5™ Ave., Ste. 1900

Portland, OR 97204

Telephone: (503) 222-9981

Facsimile: (503) 796-2900

Docket No. P38507USC2-C1 1
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UNrreD Stares PArent anD TRADEMARK OFFICE

T OF COMMERET:
:}rk Office

E APPLICATION NUOMRBER I BILSNG QR 373{C DATE ; PIRAET NAMEBD AMRLICANY I ATTY. DOCKET NOSATTLE i
16/416,443 {15/20/2019 GLENN AL (GLASS PASSGTUSC2C
CONFIRMATION NO. 5347
31817 FORMAULITIES LETTER
SCHWABE, WILLIAMSON & WYATT, P.C. R
1211 SW 5th Avenue, Suite 1600 AN EMOE !!EJM“«;EI PN
Portland, OR 97204 ) Q0D 1E90R2 736"

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 05/29/2018 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
fo prevent ABANDONMENT of the above-identified application. Replies should be mailed to: kMait Stop Missing
Parts, Commissioner for Patents, £.0.Box 1450, Alexandria VA 22313-1450.

The period for reply continues to run from the date of the Notice maiied 05/29/2019. Applicant must submit
alt requived items and pay any feas 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 Nofice 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 become
abandoned uniess 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 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 Notice,

ltems 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(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 cath 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} required within TWO MONTHS fron: the date of the Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for smalf 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 submilted to establish micro
entity status. (See 37 CFR 1.28 and forms PTO/SB/M5A and 15B.)

+ § 300 basic fiting fee.

«§ 160 surchamge.

» $ 660 search fee.

+ § 760 examination fee.

+ §{ 0) previous unapplied payment amount.

«§ 1880 TOTAL FEE BALANCE DUE.

Mail date of Notice: 065/29/2019
{.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 1o inchude this date.)

Length of Extension of Time Fee under 37 CFR 1.17{a) effective March 18, 2013
""" {response due on or before) | undiscounted . omall Entity . 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 $360
Four Months {11/29/2019} $2200 $1100 $550
Five Months {12/29/2019} £3000 $1500 §750

Repties must be received in the USPTC 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 ime period. For more
information and a suggested format, see Form PTQ/SB/S2Z and MPEP 512.

Repties should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. 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”.
htips.//sportal.uspie. goviauthenticate/AuthenticateUseri ocalEPE Hhtmi

For more information about EFS-Web please calf the USPTO Electronic Business Center at 1-868-217-9197 or
visit our website at http/www.uspio.goviebe.

I vou are not using EFS-Web to submit your reply, vou must include a copy of this natice.

Queastions shout the contents of s nofice and the
requiremests 1t sets forth should be directed to the Office
of Data Magagement, Application Assistance Unit, at
(S78) 272-4000 or (371) 272-4200 or 1-888-786-0101.
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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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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

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 GFR 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()) 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(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
s (37 CF(:H 16(7)) Mins 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(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** =
S| e CF?H.IB(H) OR |x
% Independent * Minus | ** = OR .
[Tm} (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

* 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".

*** |f 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.
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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 OO LT SO
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.

page 2 of 3
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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.USDtO. 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 S v 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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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 01/31/2018. 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 2811

Examiner Name N/A

Attormey Docket Number |P38507USC2-C1/111548

SIGNATURE of Applicant or Patent Practitioner

Signature /Jus-tln K BraSk/ Date (Optional)
Name Justin K. Brask Regisration | 61080

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 1 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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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
3e80cfc55f55090251d39913f893a2c5085¢|
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
U.S. 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)

L]

[

OO0 Oof

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

HOOO O4d

Statement 373C, POA's

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):

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/

Typed 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)
Intel Corporation

Application No./Patent No.: _16/416,445 Filed/Issue Date: May 20, 2019
Tileq: CONTACT RESISTANCE REDUCTION EMPLOYING GERMANIUM OVERLAYER PRE-CONTACT METALIZATION

Intel Corporation _ g corporation

Applicant’/Patent Owner:

{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.

D 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-PT0-9199 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).

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]

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

Mustin K. Brask/ June 17,2019
Signature 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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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 FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
16/416,445 05/20/2019 2811 0.00 P38507USC2-C1 9 3
CONFIRMATION NO. 5347
99256 FILING RECEIPT

50 Gommercial Sroet. O AR

Gateway One, Suite 300
Manchester, NH 03101

Date Mailed: 05/29/2019

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
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
GLENN A. GLASS, Portland, OR;
ANAND S. MURTHY, Portland, OR;
TAHIR GHANI, Portland, OR;
Applicant(s)
INTEL CORPORATION, Santa Clara, CA;
Assignment For Published Patent Application
INTEL CORPORATION, Santa Clara, CA

Power of Attorney: None

Domestic Priority data as claimed by applicant
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

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

page 1of 4
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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: To Be Determined - pending completion of Missing Parts

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
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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

page 3 of 4
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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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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 Commercial Street R LTI
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
ltems 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 1 of 2
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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/AuthenticateUserl ocalEPF.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.

/tqlam/
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

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 GFR 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()) 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(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
s (37 CF(:H 16(7)) Mins 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(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** =
S| e CF?H.IB(H) OR |x
% Independent * Minus | ** = OR .
[Tm} (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

* 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".

*** |f 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.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

) 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 | s

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) (®) US Residency Non US Residency Active US Military Service

EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

EFS Web 2.2.13

295



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

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 atiorney 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, 385(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
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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
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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
acontract. 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.  Arecord in 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 systemn 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 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

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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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 31 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=). 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 alternatively, 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, hafhium
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 c¢cm= 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 alternative 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 (GeHs4) 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
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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=. 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
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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

Docket # P38507USC2-C1 28

333



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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