PTO-1390 (03-13)

Approved for use through 4/30/2013. OMB 0651-0021

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 LETTER TO THE UNITED STATES Doy ket N
DESIGNATED/ELECTED OFFICE (DO/EO/US) U.S. Application No. (if known, see 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 New Application
International Application No. International Filing Date Priority Date Claimed
PCT/US2011/054464 September 30, 2011 September 30, 2011

Title of Invention

CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES
First Named Inventor

Aaron W. Rosenbaum

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information.

1. This is an express request to begin national examination procedures (35 U.S.C. 371(f)). NOTE: The express request under
35 U.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic national
fee, copy of the International Application and English translation thereof (if required), and the oath or declaration of the inventor(s)
have been received.

2. A copy of the International Application (35 U.S.C. 371(c)(2)) is attached hereto (not required if the International Application was
previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/US)).

3. An English language translation of the International Application (35 U.S.C. 371(c)(2))
is attached hereto.
|:| has been previously submitted under 35 U.S.C. 154(d)(4).
4. An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4))
a. is attached.
b. |:| was previously filed in the international phase under PCT Rule 4.17(iv).
Items 5 to 8 below concern amendments made in the international phase.
PCT Article 19 and 34 amendments

5. D Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau) (35 U.S.C.
371(c)(3)).
6. D English translation of the PCT Article 19 amendment is attached (35 U.S.C. 371(c)(3)).

7. D English translation of annexes (Article 19 and/or 34 amendments only) of the International Preliminary Examination Report is
attached (35 U.S.C. 371(c)(5)).

Cancellation of amendments made in the international phase

8a. D Do not enter the amendment made in the international phase under PCT Article 19.
8b. D Do not enter the amendment made in the international phase under PCT Article 34.

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the U.S. national phase application absent a clear
instruction from applicant not to enter the amendment(s).

The following items 9 to 17 concern a document(s) or information included.

9. D An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

10. |:| A preliminary amendment.

11. An Application Data Sheet under 37 CFR 1.76.

12. |:| A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b).

13. D A power of attorney and/or change of address letter.

14. D A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1.821-1.825.

15. D Assignment papers (cover sheet and document(s)). Name of Assignee:

16. |:| 37 CFR 3.73(c) Statement (when there is an Assignee).

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. 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 15
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: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Approved for use through 4/30/2013. OMB 0651-0021

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.

U.S. APPLN. No. (if known — see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY DOCKET No.
PCT/US2011/054464 P38683US
17. ' Other items or information:
International Search Report and Written Opinion
The following fees have been submitted. CALCULATIONS PTO USE ONLY
18. Basic national fee (37 CFR 1.492(2)) ............ccooiieieiiiiie e $280 $280
19. Examination fee (37 CFR 1.492(c))
If the written opinion prepared by ISA/US or the international preliminary 720
examination report prepared by IPEA/US indicates all claims satisfy provisions of $
PCT Article 33(1)-(4) ... $0
All other situations ..............coouiiiii $720
20. | v | Search fee (37 CFR 1.492(b))
If the written opinion prepared by ISA/US or the international preliminary 480
examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT Article 33(1)-(4) ... $0
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to $
the USPTO as an International Searching Authority ............................ $120
International Search Report prepared by an ISA other than the US and provided to
the Office or previously communicated tothe US by the IB ................... $480
All other SIUALIONS ..ottt $600
TOTAL OF 18,19,and 20 = | $ 1480
D Additional fee for specification and drawings filed in paper over 100 sheets
(excluding sequence listing in compliance with 37 CFR 1.821(c) or (e) in an
electronic medium or computer program listing in an electronic medium) (37 CFR
1.492())).
Fee for each additional 50 sheets of paper or fraction thereof ............... $400
Total Sheets | Extra Sheets Number of each addition 50 or fraction RATE
thereof (round up to a whole number)
-100 = /50 = x $400 $
Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the oath or $
declaration after the date of commencement of the national stage (37 CFR 1.492(h)).
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims 25 -20= 5 x $80 $ 400
Independent claims | 4 -3= 1 x $420 $420
MULTIPLE DEPENDENT CLAIM(S) (if applicable) +$780 $
Processing fee of $140.00 for furnishing the English translation later than 30 months from the $
earliest claimed priority date (37 CFR 1.492(i)). +
TOTAL OF ABOVE CALCULATIONS = | $ 820
D Applicant asserts small entity status. See 37 CFR 1.27. Fees above are reduced by Y.
|:| Applicant certifies micro entity status. See 37 CFR 1.29. Fees above are reduced by %.
Applicant must attach form PTO/SB/15A or B or equivalent.
TOTAL NATIONAL FEE = | $2300
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be $
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property. +
TOTAL FEES ENCLOSED = | $2300
Amount to be
refunded:
Amount to be
charged:
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D A check in the amount of $ to cover the above fees is enclosed.

Please charge my Deposit Account No. 504238 in the amount of $ 2300 to cover the above fees.

The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. 504238 as follows:

i. any required fee.

i I:' any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee
required under 37 CFR 1.492(f).
D Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038. The PTO-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PTO-2038 may NOT be faxed to the USPTO.

ADVISORY: If filing by EFS-Web, do NOT attach the PTO-2038 form as a PDF along with your EFS-Web submission. Please be
advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To protect your

information, it is recommended to pay fees online by using the electronic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be
filed and granted to restore the International Application to pending status.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File)Transition Applications

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

NOTE: A U.S. national stage application may not claim priority to the international application of which it is the national phase. The filing date
of a U.S. national stage application is the international filing date. See 35 U.S.C. 363.

Correspondence Address

The address associated with Customer Number: 92265

OR |:| Correspondence address below

Name

Address

City State

Zip Code

Country

Telephone

Email

Signature /Robert G Wlnkle/

pate | 2013-06-06

ey | RObErt G. Winkle

Registration No.
(Attorney/Agent) 3 7 y 4 74
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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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Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | P38683US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

The application data sheet is part of the provisional or nonprovisicnal 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
[ ] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
AARON W. ROSENBAUM

Residence Information {Select One) (¢ US Residency () Non US Residency () Active US Military Service

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

Mailing Address of Inventor:

Address 1 5530 Nw Osprey Place

Address 2

City Portland ‘ State/Province | OR
Postal Code 97229 ‘ Country i us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
DIN-HOW MEI

Residence Information {Select One) (¢ US Residency () Non US Residency () Active US Military Service

City | Portland | State/Province ‘ OR ‘ Country of Residence i | US

Mailing Address of Inventor:

Address 1 5366 NW 132nd Ave.

Address 2

City Portland ‘ State/Province | OR
Postal Code 97229 ‘ Country i | us

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

SAMEER S. FRADHAN
Residence Information {Select One) (¢ US Residency () Non US Residency () Active US Military Service

EFS Webh 2.2.6
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Approved for use through 01/31/2014. 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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | P38683US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

City | Portland State/Province ‘OR ‘Country of Residence i | US

Mailing Address of Inventor:

Address 1 17923 NW Sylvania Lane

Address 2

City Portland ‘ State/Province | OR
Postal Code | 97229 ‘ Country i us

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

generated within this form by selecting the Add button. Add

Correspondence Information:

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

[] An Address is being provided for the correspondence Information of this application.

Customer Number 92265

Email Address inteldocs@cpaglobal.com | | AddEmail | |remove Email

Application Information:

Title of the Invention CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES
Attorney Docket Number| P38683US Small Entity Status Claimed [ ]

Application Type Nonprovisional
Subject Matter Utility

Total Number of Drawing Sheets {if any) Suggested Figure for Publication {if any)

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

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

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

Representative Information:

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

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

Please Select One: ‘ (&) Customer Number ‘ (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

EFS Web 2.2.6
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. 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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | P38683US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

Customer Number 92265

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.8.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this 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.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
a 371 of international PCT/US2011/054464 2011-09-30

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

by selecting the Add hutton. Add

Foreign Priority Information:

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

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

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

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

Authorization to Permit Access:

EFS Web 2.2.6
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. 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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | P38683US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPQ), the World Intellectual Property Office (WIPQ),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

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

Applicant 1

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

identified in this section.

(O Assignee (O Legal Representative under 35 U.8.C. 117 (O Joint Inventor

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

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

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix
EFS Web 226
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. 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 informatien unless it contains a valid OMB control number.

Attorney Docket Number | P38683US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

Mailing Address Information:

Address 1

Address 2

City State/Province
Country | Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Non-Applicant Assignee Information:

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

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

Remove

If the Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add button. —

EFS Web 2.2.6
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PTO/AIA/4 (03-13)
Approved for use through 01/31/2014. 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 informatien unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

P38683US

Application Number

Title of Invention

CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

Signature:
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications
Signature |/Robert G. Winkle/ Date (YYYY-MM-DD)| 2013-06-06
First Name | RobertG. Last Name | Winkle Registration Number | 37474
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35U.8.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TC THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.6
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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.5. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/cr 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.5.C. 852a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

2. 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.85.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 ancther federal agency for purposes of National Security
review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
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CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

BACKGROUND

Embodiments of the present description generally relate to the field of
microelectronic device fabrication and, more particularly, to the fabrication of capping
dielectric structures within non-planar transistor gates.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The foregoing and other
features of the present disclosure will become more fully apparent from the following
description and appended claims, taken in conjunction with the accompanying drawings.
It is understood that the accompanying drawings depict only several embodiments in
accordance with the present disclosure and are, therefore, not to be considered limiting of
its scope. The disclosure will be described with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can
be more readily ascertained, in which:

FIG. 1 is a perspective view of a non-planar transistor, according to an
embodiment of the present description.

FIG. 2 illustrates a side cross-sectional view of a non-planar transistor fin formed
in or on a microelectronic substrate.

FIG. 3 illustrates a side cross-sectional view of a sacrificial material deposited over
the non-planar transistor fin of FIG. 2, according to an embodiment of the present
description.

FIG. 4 illustrates a side cross-sectional view of a trench formed in the sacrificial
material deposited to expose a portion of the non-planar transistor fin of FIG. 3, according
to an embodiment of the present description.

FIG. 5 illustrates a side cross-sectional view of a sacrificial gate formed in the
trench of FIG. 4, according to an embodiment of the present description.

FIG. 6 illustrates a side cross-sectional view of the sacrificial gate after the
removal of the sacrificial material of FIG. 5, according to an embodiment of the present
description.

FIG. 7 illustrates a side cross-sectional view of a conformal dielectric layer
deposited over the sacrificial gate and microelectronic substrate of FIG. 6, according to an

embodiment of the present description.
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FIG. 8 illustrates a side cross-sectional view of gate spacers formed from the
conformal dielectric layer of FIG. 7, according to an embodiment of the present
description.

FIG. 9 illustrates a side cross-sectional view of a source region and a drain region
formed in the non-planar transistor fin on cither side of the gate spacers of FIG. 8,
according to an embodiment of the present description.

FIG. 10 illustrates a side cross-sectional view of a first diclectric material deposited
over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the
microelectronic substrate of FIG. 9, according to an embodiment of the present
description.

FIG. 11 illustrates a side cross-sectional view of the structure of FIG. 10 after
planarizing the first diclectric material to expose a top surface of the sacrificial gate,
according to an embodiment of the present description.

FIG. 12 illustrates a side cross-sectional view of the structure of FIG. 11 after the
removal of the sacrificial gate to form a gate trench, according to an embodiment of the
present description.

FIG. 13 illustrates a side cross-sectional view of the structure of FIG. 12 after the
formation of a gate dielectric adjacent the non-planar transistor fin between the gate
spacers, according to an embodiment of the present description.

FIG. 14 illustrates a side cross-sectional view of a conductive gate material
deposited in the gate trench of FIG. 13, according to an embodiment of the present
description.

FIG. 15 illustrates a side cross-sectional view of the structure of FIG. 14 after the
removal of excess conductive gate material to form a non-planar transistor gate, according
to an embodiment of the present description.

FIG. 16 illustrates a side cross-sectional view of the structure of FIG. 15 after
etching away a portion of the non-planar transistor gate to form a recessed non-planar
transistor gate, according to an embodiment of the present description.

FIG. 17 illustrates a side cross-sectional view of the structure of FIG. 16 after
depositing a capping diclectric material into the recess resulting from the formation of the
recessed non-planar transistor gate, according to an embodiment of the present description.

FIG 18 illustrates a flow diagram of a high density deposition process for the
deposition of the capping diclectric material of FIG. 17, according to an embodiment of
the present description.

-
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FIG. 19 illustrates a side cross-sectional view of the structure of FIG. 17 after the
removal of excess capping dielectric material to form a capping dielectric structure on the
non-planar transistor gate, according to an embodiment of the present description.

FIG. 20 illustrates a side cross-sectional view of a second diclectric material

5 deposited over the first dielectric material layer, the gate spacers, and the sacrificial gate
top surface of FIG. 19, according to an embodiment of the present description.

FIG. 21 illustrates a side cross-sectional view of an etch mask patterned on the
second dielectric material of FIG. 20, according to an embodiment of the present
description.

10 FIG. 22 illustrates a side cross-sectional view of a contact opening formed through
the first and second dielectric material layer of FIG. 21, according to an embodiment of
the present description.

FIG. 23 illustrates a side cross-sectional view of the structure of FIG. 22 after the
removal of the etch mask, according to an embodiment of the present description.

15 FIG. 24 illustrates a side cross-sectional view of a conductive contact material
deposited in the contact opening of FIG. 23, according to an embodiment of the present
description.

FIG. 25 illustrates a side cross-sectional view of the structure of FIG. 24 after the
removal of the excess conductive contact material to form a source/drain contact,

20 according to an embodiment of the present description.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings that show, by way of illustration, specific embodiments in which the claimed
subject matter may be practiced. These embodiments are described in sufficient detail to

25 cnable those skilled in the art to practice the subject matter. It is to be understood that the
various embodiments, although different, are not necessarily mutually exclusive. For
example, a particular feature, structure, or characteristic described herein, in connection
with one embodiment, may be implemented within other embodiments without departing
from the spirit and scope of the claimed subject matter. References within this

30 specification to “one embodiment™ or “an embodiment” mean that a particular feature,
structure, or characteristic described in connection with the embodiment is included in at
least one implementation encompassed within the present invention. Therefore, the use of
the phrase “one embodiment” or “in an embodiment” does not necessarily refer to the

same embodiment. In addition, it is to be understood that the location or arrangement of

-3-
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individual elements within each disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The following detailed description
is, therefore, not to be taken in a limiting sense, and the scope of the subject matter is
defined only by the appended claims, appropriately interpreted, along with the full range
of equivalents to which the appended claims are entitled. In the drawings, like numerals
refer to the same or similar elements or functionality throughout the several views, and
that elements depicted therein are not necessarily to scale with one another, rather
individual elements may be enlarged or reduced in order to more easily comprehend the
elements in the context of the present description.

In the fabrication of non-planar transistors, such as tri-gate transistors and
FinFETSs, non-planar semiconductor bodiecs may be used to form transistors capable of full
depletion with very small gate lengths (e.g., less than about 30 nm). These semiconductor
bodies are generally fin-shaped and are, thus, generally referred to as transistor “fins™.

For example in a tri-gate transistor, the transistor fins have a top surface and two opposing
sidewalls formed on a bulk semiconductor substrate or a silicon-on-insulator substrate. A
gate diclectric may be formed on the top surface and sidewalls of the semiconductor body
and a gate electrode may be formed over the gate diclectric on the top surface of the
semiconductor body and adjacent to the gate diclectric on the sidewalls of the
semiconductor body. Thus, since the gate dielectric and the gate electrode are adjacent to
three surfaces of the semiconductor body, three separate channels and gates are formed.
As there are three separate channels formed, the semiconductor body can be fully depleted
when the transistor is turned on. With regard to finFET transistors, the gate material and
the electrode only contact the sidewalls of the semiconductor body, such that two separate
channels are formed (rather than three in tri-gate transistors).

Embodiments of the present description relate to the formation of microelectronic
transistors, wherein the transistor includes a recessed gate clectrode capped by a
substantially void-free dielectric capping dielectric structure which may be formed with a
high density plasma process. Although embodiments herein are described in terms of non-
planar transistors and replacement gate techniques, the subject matter is not so limited, as
the subject matter may be used in planar transistors and in non-replacement gate
applications.

FIG. 1 is a perspective view of a non-planar transistor 100, including at least one
gate formed on at least one transistor fin, which are formed on a microelectronic substrate

102. In an embodiment of the present disclosure, the microclectronic substrate 102 may

-
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be a monocrystalline silicon substrate. The microelectronic substrate 102 may also be
other types of substrates, such as silicon-on-insulator (“SOI’’), germanium, gallium
arsenide, indium antimonide, lead telluride, indium arsenide, indium phosphide, gallium
arsenide, gallium antimonide, and the like, any of which may be combined with silicon.

The non-planar transistor, shown as a tri-gate transistor, may include at least one
non-planar transistor fin 112. The non-planar transistor fin 112 may have a top surface
114 and a pair of laterally opposite sidewalls, sidewall 116 and opposing sidewall 118,
respectively.

As further shown in FIG. 1, at least one non-planar transistor gate 122 may be
formed over the non-planar transistor fin 112. The non-planar transistor gate 122 may be
fabricated by forming a gate dielectric layer 124 on or adjacent to the non-planar transistor
fin top surface 114 and on or adjacent to the non-planar transistor fin sidewall 116 and the
opposing non-planar transistor fin sidewall 118. A gate electrode 126 may be formed on
or adjacent the gate dielectric layer 124. In one embodiment of the present disclosure, the
non-planar transistor fin 112 may run in a direction substantially perpendicular to the non-
planar transistor gate 122.

The gate diclectric layer 124 may be formed from any well-known gate dielectric
material, including but not limited to silicon dioxide (SiO-), silicon oxynitride (SiOxNy),
silicon nitride (Si3N4), and high-k dielectric materials such as 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. The gate dielectric layer 124 can be formed by
well-known techniques, such as by conformally depositing a gate diclectric material and
then patterning the gate dielectric material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

The gate electrode 126 can be formed of any suitable gate electrode material. In an
embodiment of the present disclosure, the gate electrode 126 may be formed from
materials that include, but are not limited to, polysilicon, tungsten, ruthenium, palladium,
platinum, cobalt, nickel, hafnium, zirconium, titanium, tantalum, aluminum, titanium
carbide, zirconium carbide, tantalum carbide, hafnium carbide, aluminum carbide, other
metal carbides, metal nitrides, and metal oxides. The gate electrode 126 can be formed by

well-known techniques, such as by blanket depositing a gate electrode material and then
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patterning the gate electrode material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

A source region and a drain region (not shown in FIG. 1) may be formed in the
non-planar transistor fin 112 on opposite sides of the gate electrode 126. In one
embodiment, the source and drain regions may be formed by doping the non-planar
transistor fins 112, as will be understood to those skilled in the art. In another
embodiment, the source and drain regions may be formed by removing potions of the non-
planar transistor fins 112 and replacing these portions with appropriate material(s) to form
the source and drain regions, as will be understood to those skilled in the art.

FIGs. 2-26 illustrate side cross-sectional view of one embodiment of fabricating a
non-planar transistor, wherein FIGs. 2-5 are views along arrows A-A and B-B of FIG. 1,
FIGs. 6-15 are views along arrows A-A of FIG. 1, and FIG. 16-26 are views along arrows
C-C of FIG. 1.

As shown in FIG. 2, the non-planar transistor fin 112 may be formed by etching
the microelectronic substrate 102 or by forming the non-planar transistor fin 112 on the
microelectronic substrate 102 by any technique known in the art. As illustrate in FIG. 3, a
sacrificial material 132 may be deposited over the non-planar transistor fin 112, as shown
in FIG. 3, and a trench 134 may be formed in the sacrificial material 132 to exposc a
potion of the non-planar transistor fin 112, as shown in FIG. 4. The sacrificial material
132 may be any appropriate material known in the art, and the trench 134 may be formed
by any technique known in the art, including but not limited to lithographic masking and
etching.

As shown in FIG. 5, a sacrificial gate 136 may be formed in the trench 134 (see
FIG. 4). The sacrificial gate 136 may be any appropriate material, such as a polysilicon
material and the like, and may be deposited in the trench 134 (see FIG. 4) by any
technique known in the art, including but not limited to chemical vapor deposition
(“CVD”) and physical vapor deposition (“PVD™).

As shown in FIG. 6, the sacrificial material 132 of FIG. 5 may be removed to
expose the sacrificial gate 136 by any technique known in the art, such as selectively
etching the sacrificial material 132. As shown in FIG. 7, a conformal diclectric layer 142
may be deposited over the sacrificial gate 136 and microelectronic substrate 102. The
conformal dielectric layer 142 may be any appropriate material, including but not limited
to silicon nitride (Si3Ny4) and silicon carbide (SiC), and may be formed by any appropriate
technique including but not limited to atomic layer deposition (“ALD).

-6-
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As shown in FIG. 8, the conformal dielectric layer 142 of FIG. 7 may be ctched,
such as by directional etch with an appropriate etchant, to form a pair of gate spacers 144
on sidewalls 146 of the sacrificial gate 136, while substantially removing the conformal
dielectric material layer 142 adjacent the microelectronic substrate 102 and a top surface
148 of the sacrificial gate 136. It is understood that fin spacers (not shown) may be
simultaneously formed on sidewalls 116 and 118 (see FIG. 1) of the non-planar transistor
fin 112 during the formation of the gate spacers 144.

As shown in FIG. 9, a source region 150a and a drain region 150b may be formed
on cither side of the gate spacers 144. In one embodiment, the source region 150a and the
drain region 150b may be formed in the non-planar transistor fin 112 with the implantation
of dopants. As will be understood to those skilled in that art, dopant implantation is a
process of introducing impurities into semiconducting materials for the purpose changing
its conductivity and electronic properties. This is generally achieved by ion implantation
of either P-type ions (e.g. boron) or N-type ions (e.g. phosphorus), collectively referred to
as “dopants”. In another embodiment, portions of the non-planar transistor fin 112 may be
removed by any technique known in the art, such as etching, and the source region 150a
and a drain region 150b may be formed in place of the removed portions. The source
region 150a and the drain region will hereinafter be referred to collectively as
“source/drain region 150,

As shown in FIG. 10, a first diclectric material layer 152 may be deposited over the
gate spacers 144, the sacrificial gate top surface 148, the non-planar transistor fin 112, and
the microelectronic substrate 102. The first dielectric material layer 152 may be
planarizing to expose the sacrificial gate top surface 148, as shown in FIG. 11. The
planarization of the first diclectric material layer 152 may be achieved by any technique
known in the art, including but not limited to chemical mechanical polishing (CMP).

As shown in FIG. 12, the sacrificial gate 136 of FIG. 11 may be removed to form a
gate trench 154. The sacrificial gate 136 may be removed by any technique known in the
art, such as a selective etch. As shown in FIG. 13, the gate diclectric layer 124, as also
illustrated in FIG. 1, may be formed to abut the non-planar transistor fin 112, as previously
discussed.

As shown in FIG. 14, a conductive gate material 156 may be deposited in the gate
trench 154, and excess conductive gate material 156 (e.g. conductive gate material 156 not
within the gate trench 154 of FIG. 12) may be removed to from the non-planar transistor

gate clectrode 126 (see also FIG. 1), as shown in FIG. 15. The materials and methods of
-7-
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forming the gate electrode 126 have been previously discussed. The removal of the excess
conductive gate material 156 may be achieved by any technique known in the art,
including but not limited to chemical mechanical polishing (CMP), etching, and the like.

As shown in FIG. 16, a portion of the non-planar transistor gate electrode 126 may
be removed to form a recess 158 and a recessed non-planar transistor gate 162. The
removal may be accomplished by any known technique, including but not limited to wet
or dry etching.

As shown in FIG. 17, a capping dielectric material 164 may be deposited to fill the
recess 158 of FIG. 16. The capping dielectric material 164 may be any appropriate
material, including but not limited to silicon nitride (SixNy) and silicon carbide (SixCy).
However, known processes for depositing diclectrics, such as plasma enhanced chemical
vapor deposition, may not be capable of filing recesses 158 that have high aspect ratios
(height to width ratio) and may result in voids forming in the capping dielectric material
164. Such voids may result in contact-to-gate short circuits, as will be discussed. To
prevent voids from forming, high temperature deposition techniques (e.g. greater than
400°C) may be employed. However, high temperature deposition may affect the work
function of the non-planar transistor gate clectrode 126, as will be understood by those
skilled in the art. Furthermore, high temperature deposition may result in dopant
movement or deactivation in the source/drain regions 150.

FIG. 18 is a flow diagram of a high density plasma (HDP) diclectric deposition
process 200 for forming substantially void free capping dielectric material 164 (see FIG.
17) within a high aspect ratio recesses 158 (see FIG. 17). As defined in block 210, walls
of a high density plasma chamber may be coated with a desired dielectric film, i.c. the
dielectric to be deposited. As defined in block 220, a microelectronic substrate, such as a
silicon wafer, may be placed on a chuck in the high density plasma chamber. In one
embodiment, the chuck may be a water-cooled ceramic electrostatic chuck at room
temperature, e.g. about 75°C. As defined in block 230, the high density plasma chamber
may be pressurized with an inert gas, such as argon. In one embodiment, the high density
plasma chamber may be pressure to a pressure greater than about 40 mTorr to strike a
sustainable low power radio frequency (RF) plasma. As defined in block 240, RF
electrodes within the high density plasma chamber may be powered up while introducing
at least one reactive gas into the high density plasma chamber. In one embodiment, each
of the RF clectrodes, such as top and side electrodes, may be powered up to a range

between about 2kV and 8kV for a time duration between about 30 and 60 seconds. The
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reactive gas may include, but is not limited to oxygen, nitrogen, and the like. The
microelectronic substrate temperature can be modulated between less than about 300°C
and 600°C by adjusting the temperature of the chuck. It is understood that the time
duration, microelectronic substrate temperature, RF power, and reactive gas mixture may
be adjusted for a desired deposition result. As defined in block 250, the deposition gas
may be introduced to the high density plasma chamber while powering a bias RF
electrode. In one embodiment, a deposition gas comprising silane (SiH4), nitrogen (N2),
argon (Ar), and helium (He) may be used to deposit a silicon nitride dielectric. In another
embodiment, a deposition gas comprising silane (SiHy), methane (CHy), argon (Ar), and
helium (He) may be used to deposit a silicon carbide dielectric. The RF electrode may be
power to a range between about 3kV and 5kV with a bias RF electrode ranging from about
1kV and 3kV. The ratio of the nitrogen gas volume to the silane gas volume for silicon
nitride deposition and ratio of the methane gas volume to the silane gas volume may be
between about 0.5 and 9, depending on the desired properties of the dielectric layer, while
the silane gas flow is kept between about 30 and 70 sccm. Under these conditions, the
deposition rate may be in a range between about 7 to 30 Angstroms per second. It is
understood that the deposition duration may be calculated based on the desired dielectric
layer thickness and deposition rate. As defined in block 260, the deposition process is
discontinued by discontinuing the introduction of deposition gas into the high density
plasma deposition chamber and discontinuing power to the bias RF. The power to the RF
electrodes may be ramped down and electrostatic charges are dissipated off of the
microelectronic substrate, so that the microelectronic substrate can be removed from the
clectrostatic chuck. After removal the high density plasma chamber may be cleaned, such
as by a remote plasma unit, and the walls of the high density plasma chamber may be
recoated with a desired dielectric film.

The above-described process may result in simultancous deposition and sputtering
of the dielectric layer, wherein an appropriate deposition to sputtering ratio may result in a
substantially void-free dielectric layer.

After deposition, the capping diclectric material 164 may be planarized to remove
excess capping diclectric material 164 (e.g. capping dielectric material 164 not within the
recess of FIG. 16) to form a capping dielectric structure 166 on the recessed non-planar
transistor gate 162 and between a gate spacers 144, as shown in FIG. 19. The removal of

the excess capping dielectric material 164 may be achieved by any technique known in the

9.
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art, including but not limited to chemical mechanical polishing (CMP), etching, and the
like.

As shown in FIG. 20, a second dielectric material layer 168 may be deposited over
the first dielectric material layer 152, the gate spacers 144, and the capping dielectric
structure 166. The second dielectric material layer 168 may be formed from any
appropriate dielectric material, including but not limited to silicon dioxide (Si03), silicon
oxynitride (SiO«Ny), and silicon nitride (SizN4), by any known deposition technique. As
shown in FIG. 21, an etch mask 172 may be patterned with at least one opening 174 on the
second dielectric material layer 168, such as by well known lithographic techniques.

As shown in FIG. 22, a contact opening 182 may be formed through the first
dielectric material layer 152 and the second dielectric material layer 168 by etching
through the etch mask opening 174 of FIG. 21 to expose a portion of the source/drain
region 150. The etch mask 172 of FIG. 22 may be removed thereafter, as shown in
FIG. 23. In one embodiment, the first diclectric material layer 152 and the dielectric
material layer 168 differs from diclectric material of both the gate spacers 144 and the
capping dielectric structure 166, such that the etching of the first diclectric material layer
152 and the second diclectric layer 168 may be selective to the gate spacers 144 and the
capping dielectric structure 166 (i.c. etches faster). This is known in the art as a self-
aligning.

As shown in FIG. 24, a conductive contact material 188 may be deposited in the
contact opening 182 of FIG. 23. The conductive contact material 188 may include, but is
not limited to, polysilicon, tungsten, ruthenium, palladium, platinum, cobalt, nickel,
hafnium, zirconium, titanium, tantalum, aluminum, titanium carbide, zirconium carbide,
tantalum carbide, hafnium carbide, aluminum carbide, other metal carbides, metal nitrides,
and metal oxides. It is understood that various adhesion layers, barrier layers, silicide
layers, and/or conductive layers may be conformally disposed or formed in the contact
opening 182 of FIG. 23 prior to the deposition of the conductive contact material 188.

As shown in FIG. 25, excess conductive contact material 188 of FIG. 24 (c.g.
conductive contact material 188 not within the contact opening 182 of FIG. 12) may be
removed to form a source/drain contact 190. The removal of the excess conductive
contact material 188 may be achieved by any technique known in the art, including but not
limited to chemical mechanical polishing (CMP), etching, and the like.

As previously discussed, in one embodiment, the first diclectric material layer 152

and the dielectric material layer 168 differs from dielectric material of both the gate
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spacers 144 and the capping dielectric structure 166, such that the etching of the first
dielectric material layer 152 and the second dielectric layer 168 may be selective to the
gate spacers 144 and the capping dielectric structure 166 (i.e. etches faster). Thus, the
recessed non-planar transistor 162 is protected during the formation of the contact opening

5 182. This allows for the formation of a relatively large sized source/drain contact 190,
which may increase the transistor drive current performance, without the risk of shorting
between the source/drain contact 190 and the recessed non-planar transistor gate 162.
This is not possible if voids exist in the capping dielectric structure 144, as the voids
would increase the likelihood of shorting between the source/drain contact 190 and the

10  recessed non-planar transistor gate 162.

It is understood that the subject matter of the present description is not necessarily
limited to specific applications illustrated in FIGs. 1-25. It is understood that although the
illustrated embodiments are directed to non-planar applications, the subject matter may be
applied to non-planar transistors and to non-replacement gate applications. Furthermore,

15 the subject matter may be applied to other microelectronic device fabrication applications,
as will be understood to those skilled in the art.
Having thus described in detail embodiments of the present invention, it is
understood that the invention defined by the appended claims is not to be limited by
particular details set forth in the above description, as many apparent variations thercof are

20 possible without departing from the spirit or scope thereof.
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CLAIMS
What is claimed is:
1. A transistor gate, comprising:

a pair of gate spacers

a recessed gate electrode disposed between the pair of gate spacers; and

a substantially void free capping diclectric structure disposed adjacent the recessed
gate clectrode and between the pair of gate spacers.

2. The transistor gate of claim 1, wherein the substantially void free capping
dielectric structure comprises silicon nitride.

3. The transistor gate of claim 1, wherein the substantially void free capping
dielectric structure comprises silicon carbide.

4. The transistor gate of claim 1, wherein the recessed gate electrode is a non-planar
gate clectrode.

5. A microelectronic device, comprising:

a non-planar transistor gate over a non-planar transistor fin, wherein the non-planar
transistor gate comprises a gate electrode recessed between a pair of gate spacers and a
substantially void free capping diclectric structure disposed on the recessed gate clectrode
between the gate spacers,

a source/drain region;

at least one dielectric material layer over the source/drain region, the non-planar
transistor gate spacers, and the substantially void free capping dielectric structure; and

a source/drain contact extending through a portion of the at least one dielectric
material layer to contact the source/drain region.
6. The microelectronic device of claim 5, wherein the substantially void free capping
dielectric structure comprises silicon nitride.
7. The microelectronic device of claim 5, wherein the substantially void free capping
dielectric structure comprises silicon carbide.
8. The microelectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of one non-planar transistor gate spacer.
9. The microelectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of the capping dielectric structure.
10. A method of fabricating a transistor gate, comprising;:

forming a pair of gate spacers;

forming a gate electrode disposed between the pair of gate spacers; and
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high density plasma depositing a capping dielectric structure on a top surface of the
recessed gate clectrode and between the pair of gate spacers.
11. The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon nitride capping
dielectric structure.
12. The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon carbide capping
dielectric structure.
13. The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing the capping dielectric
structure at a temperature between about 300 °C and 600°C.
14. The method of claim 10, wherein forming the gate electrode comprises forming a
non-planar gate electrode.
15. A method comprising:

forming a sacrificial non-planar transistor gate over a non-planar transistor fin;

depositing a dielectric material layer over the sacrificial non-planar transistor gate
and the non-planar transistor fin;

forming non-planar transistor gate spacers from a portion of the dielectric material
layer adjacent the sacrificial non-planar transistor gate;

forming a source/drain region;

removing the sacrificial non-planar transistor gate to form a gate trench between
the non-planar transistor gate spacers and expose a portion of the non-planar transistor fin;

forming a gate diclectric adjacent the non-planar transistor fin within the gate
trench;

depositing conductive gate material within the gate trench;

removing a portion of the conductive gate material to form a recess between the
non-planar transistor gate spacers;

forming a capping dielectric structure within the recess by high density plasma
depositing a dielectric material;

forming at least one diclectric material over the source/drain region, the non-planar
transistor gate spacers, and the capping dielectric structure; and

forming a contact opening through the at least one dielectric material to expose at

least a portion of the source/drain region.
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16. The method of claim 15, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon nitride capping
dielectric structure.

17. The method of claim 15, wherein high density plasma depositing the capping

dielectric structure comprises high density plasma depositing a silicon carbide capping

dielectric structure.

18. The method of claim 15, wherein high density plasma depositing the capping

dielectric structure comprises high density plasma depositing the capping dielectric

structure at a temperature between about 300 °C and 600°C.

19. The method of claim 15, wherein forming a capping diclectric structure comprises:
high density plasma depositing capping dielectric material within the recess; and
removing excess capping dielectric material.

20. The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the diclectric material which exposes at least a portion of the

source/drain region and at least a portion of one non-planar transistor gate spacer.

21. The method of claim 20, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region and exposed portion of the non-planar

transistor gate spacer.

22. The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the diclectric material which exposes at least a portion of the

source/drain region and at least a portion of the capping dielectric structure.

23. The method of claim 22, further comprising forming a source/drain contact abuts

the exposed portion of the source/drain region and the exposed portion of the capping

dielectric structure.

24, The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the diclectric material exposes at least a portion of the

source/drain region, at least a portion of the non-planar transistor gate spacer, and at least a

portion of the capping dielectric structure.

25. The method of claim 24, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region, the exposed portion of non-planar gate

spacer, and the exposed portion of the capping diclectric structure.
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ABSTRACT OF THE DISCLOSURE

The present description relates to the field of fabricating microelectronic
transistors, including non-planar transistors, for microelectronic devices. Embodiments of
the present description relate to the formation a recessed gate electrode capped by a
5 substantially void-free dielectric capping diclectric structure which may be formed with a

high density plasma process.
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1. Zl The applicant is hereby notified that the international search report and the written opinion of the International Searching
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Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.
Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70
For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9.011.

2. [:I The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
[:l the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

EI no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.
4. Reminders
The applicant may submit comments on an informal basis on the written opinion of the International Searching
Authority to the International Bureau. The International Bureau will send a copy of such comments to all designated
Offices unless an international preliminary examination report has been or is to be established. Following the
expiration of 30 months from the priority date, these comments will also be made available to the public.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the apfplicant wishes to avoid or postpone publication, a notice of withdrawal of the
international application, or of the priority claim, must reach the International Bureau before the completion of the
technical preparations for international publication (Rules 90bis.1 and 90bis.3).

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international

preliminary examination must be filed if the applicant wishes to postpone the entry into the national phase until 30
months from the priority date (in some Offices even later); otherwise, the applicant must, within 20 months from the
priority date, perform the prescribed acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed
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For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the
PCT Applicant's Guide, National Chapters.
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This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.
I:l It is also accompanied by a copy of each prior art document cited in this report.

1.  Basis of the report
a. With regard to the language, the international search was carried out on the basis of :
& the interational application in the language in which it was filed

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

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, see Box No. 1.

2. D Certain claims were found unsearchable (See Box No. II)

3. D Unity of invention is lacking (See Box No. III)

4. With regard to the title,
the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
g the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month from the date of mailing of this international scarch report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant.
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.

b. [:l none of the figure is to be published with the abstract.
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filing date considered novel or cannot be considered to invelve an inventive
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cited to establish the publication date of citation or other “Y" document of particular relevance; the claimed invention cannot be
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means being obvious to a person skilled in the art
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D Box No. Il Priority
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D Box No.IV  Lack of unity of invention

& BoxNo.V  Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
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D Box No. VI Certain documents cited

D Box No. VIT  Certain defects in the international application

Box No. VIII Certain observations on the international application
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2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
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opinions of this International Searching Authority will not be so considered.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/054464

Box No. I Basis of this opinion

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

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

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

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

a. a sequence listing filed or furnished

I:l on paper

D in electronic form

b. time of filing or furnishing
I:l contained in the international application as filed.
D filed together with the international application in electronic form.
I:l furnished subsequently to this Authority for the purposes of search.

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

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( July 2011)
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INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/054464

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N} Claims 1-25 YES
Claims NONE NO

Inventive step (IS) Claims  1-25 YES
Claims NONE NO

Industrial applicability 1A)  Claims  1-25 YES
Claims ~NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 2008-0233699 Al (BOOTH ROGER ALLEN et al.) 25 September 2008
D2: US 2010-0048007 Al (LEE SHEN-NAN et al.) 25 February 2010
D3: KR 10-0653711 B1 (SAMSUNG ELECTRONICS CO., LID.) 05 December 2006

1. Novelty and Inventive Step

1.1 claims 1-4

The subject matter of claim 1 differs from the disclosure of D1 in that the transistor gate comprises
a substantially void free capping dielectric structure disposed adjacent the recessed gate electrode
and between the pair of gate spacers. As the subject matter of claim 1 is not shown in any other
prior art documents cited in the ISR, claim 1 is not anticipated by any of the prior art documents
including D1, nor obvious to the person skilled in the art.

Therefore, claim 1 is novel and involves an inventive step under PCT Article 33(2) and (3).

Claims 2-4 which are dependent on claim 1 also meet the requirements of PCT Article 33(2)-(3) with
respect to novelty and inventive step.

1.2 claims 5-9

The subject matter of claim 5 differs from the disclosure of D1 in that the microelectronic device
comprises at least one dielectric material layer over the source/drain region, the non-planar
transistor gate spacers, and the substantially void free capping dielectric structure. As the subject
matter of claim 5 is not shown in any other prior art documents cited in the ISR, claim 5 is not
anticipated by any of the prior art documents including D1, nor obvious to the person skilled in the
art.

Therefore, claim 5 is novel and involves an inventive step under PCT Article 33(2) and (3).

Claims 6-9 which are dependent on claim 5 also meet the requirements of PCT Article 33(2)-(3) with
respect to novelty and inventive step.

1.3 claims 10-14

The method of fabricating a transistor gate of claim 10 differs from the disclosure of D1 in that the
third step in the method of claim 10 comprises high density plasma depositing a capping dielectric
structure on a top surface of the recessed gate electrode and between the pair of gate spacers. As
the subject matter of claim 10 is not shown in any other prior art documents cited in the ISR, claim
10 is not anticipated by any of the prior art documents including D1, nor obvious to the person
skilled in the art.

Therefore, claim 10 is novel and involves an inventive step under PCT Article 33(2) and (3).

Claims 11-14 which are dependent on claim 10 also meet the requirements of PCT Article 33(2)-(3) with
respect to novelty and inventive step.

(Continued on the Supplemental Box.)

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

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

Box V.

1.4 claims 15-25

The method of claim 15 differs from the disclosure of D1 in that the ninth step in the method of
claim 15 forms a capping dielectric structure within the recess by high density plasma depositing a
dielectric material. As the subject matter of claim 15 is not shown in any other prior art documents
cited in the ISR, claim 15 is not anticipated by any of the prior art documents including D1, nor
obvious to the person skilled in the art.

Therefore, claim 15 is novel and involves an inventive step under PCT Article 33(2) and (3).

Claims 16-25 which are dependent on claim 15 also meet the requirements of PCT Article 33(2)-(3) with

respect to novelty and inventive step.

2. Industrial Applicability
Claims 1-25 have industrial applicability (PCT Article 33(4)).

Form PCT/ISA/237 (Supplemental Box) (July 2011)
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Declaration of inventorship (Rules 4.17(iv) and 515is.1(a)(iv))
for the purposes of the designation of the United States of America:

I hereby declare that I believe 1 am the original, first and sole (if only one inventor is listed below) or joint (if
more than one inventor is listed below) inventor of the subject matter which is claimed and for which a patent

is sought.

This declaration is directed to the international application of which it forms a part (if filing declaration with
application).

This declaration is directed to infernational application No, PCT/ US11/54464.....ccvvvnn.. (if

furnishing declaration pursuant to Rule 26zer).
I hereby declare that my residence, mailing address, and citizenship are as stated next to my name,

I hereby state that | have reviewed and understand the contents of the above-identified international
application, including the claims of said application. I have identified in the request of said application, in
compliance with PCT Rule 4.10, any claim to foreign priority, and I have identified below, under the heading
“Prior Applications,” by application number, country or Member of the World Trade Organization, day,
month and year of filing, any application for a patent or inventor’s certificate filed in a country other than the
United States of America, including any PCT international application designating at least one country other
than the United States of America, having a filing date before that of the application on which foreign priority
is claimed.

1 hereby acknowledge the duty to disclose information that is known by me to be material to patentability as
defined by 37 C.F.R. § 1.56, including for continuation-in-part applications, material information which
became available between the filing date of the prior application and the PCT international filing date of the
continuation-in-part application.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true; and further that these statements were made with the
knowledge that willful false statements and the hke so made are punishable by fine or imprisonment, or both,
under Section 1001 of Title 18 of the United States Code and that such willful false statements may
Jjeopardize the validity of the application or any patent issued thereon.

Name: Aaron W, Rosenbaum

Residence: Portland, OR
(city and either US state, if applicable, or couniry)

Mailing Address; 5530 Nw QOsprey Place, Portland, OR, US 97229

Citizenship: US
Inventor’s Signature; . , . CZ .................. . Date: ., C7 ‘27/{/ .................

{The signature must be that of the mventor not that of the agent)

Name: Din-How Mei

Page 56 of 870



PCT/US2011/054464

Residence: Portland, OR
(city and either US state, if applicable, or country)

Mailing Address: 5366 NW 132nd Ave, Portland, OR, US 97229
Citizenship: US

Inventor’s Signature; . _(Q‘%”N %.‘ Date: ﬁ/"z 7///

..............................................................

(The signature musi be that of the inventor, not that of the agent)
Name: Sameer S. Pradhan

Residence: Portland, OR
{(city and either US state, if applicable, or country)

Mailing Address; 17923 NW Sylvania Lane, Portland, OR, US 97229

Citizenship: India
{The sighature must be that of the inventor, not that of the agent)

[ This declaration is continued on the following sheet, “Continuation of Box No. VIII (iv)".
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(PCT Rule 92bis.1 and
Administrative Instructions, Section 422)

Date of mailing (day/month/year)
30 November 2011 (30.11.2011)

From the INTERNATIONAL BUREAU

To:

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
1279 Oakmead Parkway

Sunnyvale, CA 94086

ETATS-UNIS D'AMERIQUE

Applicant's or agent's file reference

P38683PCT

IMPORTANT NOTIFICATION

International application No.

PCT/US2011/054464

International filing date (day/month/year)

30 September 2011 (30.09.2011)

1. The following indications appeared on record concerning:

[] the applicant [] the inventor D4 the agent [ the common representative

Name and Address

WINKLE, Robert G.
Winkle, PLLC

c/o CPA GLOBAL

P.O. Box 52050
Minneapolis, MN 55402
United States of America

State of Nationality State of Residence

Telephone No.

Facsimile No.

E-mail address

B4 the person [] the name [[] the address

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

[] the nationality [[] the residence

Name and Address

BLAKELY SOKOLOFF TAYLOR & ZAFMAN LLP
1279 Oakmead Parkway

Sunnyvale, CA 94086

United States of America

State of Nationality State of Residence

Telephone No.

Facsimile No.

E-mail address
O Notifications by e-mail authorized

3. Further observations, if necessary:

34, chemin des Colombettes
1211 Geneva 20, Switzerland

4. A copy of this notification has been sent to: [ the International Preliminary Examining Authority
D the receiving Office [[] the designated Offices concerned
¢ the International Searching Authority [[] the elected Offices concerned
[] the Authority(ies) specified for supplementary search [0 other
The International Bureau of WIPO Authorized officer

Ben-Mansour Naceur

e-mail pt09.pct@wipo.int
Facsimile No. +41 22 338 71 30 Telephone No. +41 22 338 74 09

Form PCT/IB/306 (January 2009)

Page 58 of 870

1/JEP64A4LPEKYTO



P38683PCT

PCT REQUEST

1/4

Original (for SUBMISSION )

0 For receiving Office use only
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0-2 International Filing Date
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0-3 [Name of receiving Office and "PCT PCT INTERNATIONAL APPLICATION
International Application” RO/US
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11-2-4 Name (LAST, First) MEI, Din—-How

ll-2-5  |Address 5366 NW 132nd Ave.
Portland, Oregon 97229
United States of America

11-2-6 State of nationality us

1-2-7 State of residence us
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FIG. 1

(57) Abstract: The present description relates to the field of fabricating microelectronic transistors, including non-planar transistors,
for microelectronic devices. Embodiments of the present description relate to the formation a recessed gate electrode capped by a
substantially void-free dielectric capping dielectric structure which may be formed with a high density plasma process.
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CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

BACKGROUND

Embodiments of the present description generally relate to the field of
microelectronic device fabrication and, more particularly, to the fabrication of capping
dielectric structures within non-planar transistor gates.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The foregoing and other
features of the present disclosure will become more fully apparent from the following
description and appended claims, taken in conjunction with the accompanying drawings.
It is understood that the accompanying drawings depict only several embodiments in
accordance with the present disclosure and are, therefore, not to be considered limiting of
its scope. The disclosure will be described with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can
be more readily ascertained, in which:

FIG. 1 is a perspective view of a non-planar transistor, according to an
embodiment of the present description.

FIG. 2 illustrates a side cross-sectional view of a non-planar transistor fin formed
in or on a microelectronic substrate.

FIG. 3 illustrates a side cross-sectional view of a sacrificial material deposited over
the non-planar transistor fin of FIG. 2, according to an embodiment of the present
description.

FIG. 4 illustrates a side cross-sectional view of a trench formed in the sacrificial
material deposited to expose a portion of the non-planar transistor fin of FIG. 3, according
to an embodiment of the present description.

FIG. 5 illustrates a side cross-sectional view of a sacrificial gate formed in the
trench of FIG. 4, according to an embodiment of the present description.

FIG. 6 illustrates a side cross-sectional view of the sacrificial gate after the
removal of the sacrificial material of FIG. 5, according to an embodiment of the present
description.

FIG. 7 illustrates a side cross-sectional view of a conformal dielectric layer
deposited over the sacrificial gate and microelectronic substrate of FIG. 6, according to an

embodiment of the present description.
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FIG. 8 illustrates a side cross-sectional view of gate spacers formed from the
conformal dielectric layer of FIG. 7, according to an embodiment of the present
description.

FIG. 9 illustrates a side cross-sectional view of a source region and a drain region
formed in the non-planar transistor fin on either side of the gate spacers of FIG. §,
according to an embodiment of the present description.

FIG. 10 illustrates a side cross-sectional view of a first dielectric material deposited
over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the
microelectronic substrate of FIG. 9, according to an embodiment of the present
description.

FIG. 11 illustrates a side cross-sectional view of the structure of FIG. 10 after
planarizing the first dielectric material to expose a top surface of the sacrificial gate,
according to an embodiment of the present description.

FIG. 12 illustrates a side cross-sectional view of the structure of FIG. 11 after the
removal of the sacrificial gate to form a gate trench, according to an embodiment of the
present description.

FIG. 13 illustrates a side cross-sectional view of the structure of FIG. 12 after the
formation of a gate dielectric adjacent the non-planar transistor fin between the gate
spacers, according to an embodiment of the present description.

FIG. 14 illustrates a side cross-sectional view of a conductive gate material
deposited in the gate trench of FIG. 13, according to an embodiment of the present
description.

FIG. 15 illustrates a side cross-sectional view of the structure of FIG. 14 after the
removal of excess conductive gate material to form a non-planar transistor gate, according
to an embodiment of the present description.

FIG. 16 illustrates a side cross-sectional view of the structure of FIG. 15 after
etching away a portion of the non-planar transistor gate to form a recessed non-planar
transistor gate, according to an embodiment of the present description.

FIG. 17 illustrates a side cross-sectional view of the structure of FIG. 16 after
depositing a capping dielectric material into the recess resulting from the formation of the
recessed non-planar transistor gate, according to an embodiment of the present description.

FIG 18 illustrates a flow diagram of a high density deposition process for the
deposition of the capping dielectric material of FIG. 17, according to an embodiment of
the present description.

2
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FIG. 19 illustrates a side cross-sectional view of the structure of FIG. 17 after the
removal of excess capping diclectric material to form a capping diclectric structure on the
non-planar transistor gate, according to an embodiment of the present description.

FIG. 20 illustrates a side cross-sectional view of a second dielectric material
deposited over the first dielectric material layer, the gate spacers, and the sacrificial gate
top surface of FIG. 19, according to an embodiment of the present description.

FIG. 21 illustrates a side cross-sectional view of an etch mask patterned on the
second dielectric material of FIG. 20, according to an embodiment of the present
description.

FIG. 22 illustrates a side cross-sectional view of a contact opening formed through
the first and second diclectric material layer of FIG. 21, according to an embodiment of
the present description.

FIG. 23 illustrates a side cross-sectional view of the structure of FIG. 22 after the
removal of the etch mask, according to an embodiment of the present description.

FIG. 24 illustrates a side cross-sectional view of a conductive contact material
deposited in the contact opening of FIG. 23, according to an embodiment of the present
description.

FIG. 25 illustrates a side cross-sectional view of the structure of FIG. 24 after the
removal of the excess conductive contact material to form a source/drain contact,
according to an embodiment of the present description.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings that show, by way of illustration, specific embodiments in which the claimed
subject matter may be practiced. These embodiments are described in sufficient detail to
enable those skilled in the art to practice the subject matter. It is to be understood that the
various embodiments, although different, are not necessarily mutually exclusive. For
example, a particular feature, structure, or characteristic described herein, in connection
with one embodiment, may be implemented within other embodiments without departing
from the spirit and scope of the claimed subject matter. References within this
specification to “one embodiment™ or “an embodiment” mean that a particular feature,
structure, or characteristic described in connection with the embodiment is included in at
least one implementation encompassed within the present invention. Therefore, the use of
the phrase “one embodiment” or “in an embodiment” does not necessarily refer to the

same embodiment. In addition, it is to be understood that the location or arrangement of

-3-

Page 66 of 870



10

15

20

25

30

WO 2013/048516 PCT/US2011/054464

individual elements within each disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The following detailed description
is, therefore, not to be taken in a limiting sense, and the scope of the subject matter is
defined only by the appended claims, appropriately interpreted, along with the full range
of equivalents to which the appended claims are entitled. In the drawings, like numerals
refer to the same or similar elements or functionality throughout the several views, and
that elements depicted therein are not necessarily to scale with one another, rather
individual elements may be enlarged or reduced in order to more ecasily comprehend the
clements in the context of the present description.

In the fabrication of non-planar transistors, such as tri-gate transistors and
FinFETSs, non-planar semiconductor bodies may be used to form transistors capable of full
depletion with very small gate lengths (e.g., less than about 30 nm). These semiconductor
bodies are generally fin-shaped and are, thus, generally referred to as transistor “fins”.

For example in a tri-gate transistor, the transistor fins have a top surface and two opposing
sidewalls formed on a bulk semiconductor substrate or a silicon-on-insulator substrate. A
gate dielectric may be formed on the top surface and sidewalls of the semiconductor body
and a gate electrode may be formed over the gate dielectric on the top surface of the
semiconductor body and adjacent to the gate dielectric on the sidewalls of the
semiconductor body. Thus, since the gate dielectric and the gate electrode are adjacent to
three surfaces of the semiconductor body, three separate channels and gates are formed.
As there are three separate channels formed, the semiconductor body can be fully depleted
when the transistor is turned on. With regard to finFET transistors, the gate material and
the electrode only contact the sidewalls of the semiconductor body, such that two separate
channels are formed (rather than three in tri-gate transistors).

Embodiments of the present description relate to the formation of microelectronic
transistors, wherein the transistor includes a recessed gate electrode capped by a
substantially void-free dielectric capping dielectric structure which may be formed with a
high density plasma process. Although embodiments herein are described in terms of non-
planar transistors and replacement gate techniques, the subject matter is not so limited, as
the subject matter may be used in planar transistors and in non-replacement gate
applications.

FIG. 1 is a perspective view of a non-planar transistor 100, including at least one
gate formed on at least one transistor fin, which are formed on a microelectronic substrate
102. In an embodiment of the present disclosure, the microelectronic substrate 102 may

4
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be a monocrystalline silicon substrate. The microelectronic substrate 102 may also be
other types of substrates, such as silicon-on-insulator (“SOI”), germanium, gallium
arsenide, indium antimonide, lead telluride, indium arsenide, indium phosphide, gallium
arsenide, gallium antimonide, and the like, any of which may be combined with silicon.

The non-planar transistor, shown as a tri-gate transistor, may include at least one
non-planar transistor fin 112. The non-planar transistor fin 112 may have a top surface
114 and a pair of laterally opposite sidewalls, sidewall 116 and opposing sidewall 118,
respectively.

As further shown in FIG. 1, at least one non-planar transistor gate 122 may be
formed over the non-planar transistor fin 112. The non-planar transistor gate 122 may be
fabricated by forming a gate dielectric layer 124 on or adjacent to the non-planar transistor
fin top surface 114 and on or adjacent to the non-planar transistor fin sidewall 116 and the
opposing non-planar transistor fin sidewall 118. A gate electrode 126 may be formed on
or adjacent the gate dielectric layer 124. In one embodiment of the present disclosure, the
non-planar transistor fin 112 may run in a direction substantially perpendicular to the non-
planar transistor gate 122.

The gate dielectric layer 124 may be formed from any well-known gate dielectric
material, including but not limited to silicon dioxide (Si0O), silicon oxynitride (SiOxNy),
silicon nitride (Si3N4), and high-k dielectric materials such as hafnium oxide, hafnium
silicon oxide, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium
silicon oxide, tantalum oxide, titanium oxide, barium strontium titanium oxide, barium
titanium oxide, strontium titanium oxide, yttrium oxide, aluminum oxide, lead scandium
tantalum oxide, and lead zinc niobate. The gate dielectric layer 124 can be formed by
well-known techniques, such as by conformally depositing a gate dielectric material and
then patterning the gate dielectric material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

The gate electrode 126 can be formed of any suitable gate electrode material. In an
embodiment of the present disclosure, the gate electrode 126 may be formed from
materials that include, but are not limited to, polysilicon, tungsten, ruthenium, palladium,
platinum, cobalt, nickel, hafnium, zirconium, titanium, tantalum, aluminum, titanium
carbide, zirconium carbide, tantalum carbide, hafnium carbide, aluminum carbide, other
metal carbides, metal nitrides, and metal oxides. The gate electrode 126 can be formed by

well-known techniques, such as by blanket depositing a gate electrode material and then
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patterning the gate electrode material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

A source region and a drain region (not shown in FIG. 1) may be formed in the
non-planar transistor fin 112 on opposite sides of the gate clectrode 126. In one
embodiment, the source and drain regions may be formed by doping the non-planar
transistor fins 112, as will be understood to those skilled in the art. In another
embodiment, the source and drain regions may be formed by removing potions of the non-
planar transistor fins 112 and replacing these portions with appropriate material(s) to form
the source and drain regions, as will be understood to those skilled in the art.

FIGs. 2-26 illustrate side cross-sectional view of one embodiment of fabricating a
non-planar transistor, wherein FIGs. 2-5 are views along arrows A-A and B-B of FIG. 1,
FIGs. 6-15 are views along arrows A-A of FIG. 1, and FIG. 16-26 are views along arrows
C-C of FIG. 1.

As shown in FIG. 2, the non-planar transistor fin 112 may be formed by etching
the microelectronic substrate 102 or by forming the non-planar transistor fin 112 on the
microelectronic substrate 102 by any technique known in the art. As illustrate in FIG. 3, a
sacrificial material 132 may be deposited over the non-planar transistor fin 112, as shown
in FIG. 3, and a trench 134 may be formed in the sacrificial material 132 to expose a
potion of the non-planar transistor fin 112, as shown in FIG. 4. The sacrificial material
132 may be any appropriate material known in the art, and the trench 134 may be formed
by any technique known in the art, including but not limited to lithographic masking and
etching.

As shown in FIG. 5, a sacrificial gate 136 may be formed in the trench 134 (see
FIG. 4). The sacrificial gate 136 may be any appropriate material, such as a polysilicon
material and the like, and may be deposited in the trench 134 (see FIG. 4) by any
technique known in the art, including but not limited to chemical vapor deposition
(““CVD”) and physical vapor deposition (“PVD”).

As shown in FIG. 6, the sacrificial material 132 of FIG. 5 may be removed to
expose the sacrificial gate 136 by any technique known in the art, such as sclectively
ctching the sacrificial material 132. As shown in FIG. 7, a conformal dielectric layer 142
may be deposited over the sacrificial gate 136 and microelectronic substrate 102. The
conformal dielectric layer 142 may be any appropriate material, including but not limited
to silicon nitride (Si3N4) and silicon carbide (SiC), and may be formed by any appropriate
technique including but not limited to atomic layer deposition (“ALD”).
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As shown in FIG. 8, the conformal dielectric layer 142 of FIG. 7 may be etched,
such as by directional etch with an appropriate etchant, to form a pair of gate spacers 144
on sidewalls 146 of the sacrificial gate 136, while substantially removing the conformal
diclectric material layer 142 adjacent the microelectronic substrate 102 and a top surface
148 of the sacrificial gate 136. It is understood that fin spacers (not shown) may be
simultancously formed on sidewalls 116 and 118 (see FIG. 1) of the non-planar transistor
fin 112 during the formation of the gate spacers 144.

As shown in FIG. 9, a source region 150a and a drain region 150b may be formed
on cither side of the gate spacers 144. In one embodiment, the source region 150a and the
drain region 150b may be formed in the non-planar transistor fin 112 with the implantation
of dopants. As will be understood to those skilled in that art, dopant implantation is a
process of introducing impurities into semiconducting materials for the purpose changing
its conductivity and electronic properties. This is generally achieved by ion implantation
of cither P-type ions (e.g. boron) or N-type ions (¢.g. phosphorus), collectively referred to
as “dopants”. In another embodiment, portions of the non-planar transistor fin 112 may be
removed by any technique known in the art, such as etching, and the source region 150a
and a drain region 150b may be formed in place of the removed portions. The source
region 150a and the drain region will hereinafter be referred to collectively as
“source/drain region 1507,

As shown in FIG. 10, a first dielectric material layer 152 may be deposited over the
gate spacers 144, the sacrificial gate top surface 148, the non-planar transistor fin 112, and
the microelectronic substrate 102. The first dielectric material layer 152 may be
planarizing to expose the sacrificial gate top surface 148, as shown in FIG. 11. The
planarization of the first diclectric material layer 152 may be achieved by any technique
known in the art, including but not limited to chemical mechanical polishing (CMP).

As shown in FIG. 12, the sacrificial gate 136 of FIG. 11 may be removed to form a
gate trench 154. The sacrificial gate 136 may be removed by any technique known in the
art, such as a selective etch. As shown in FIG. 13, the gate diclectric layer 124, as also
illustrated in FIG. 1, may be formed to abut the non-planar transistor fin 112, as previously
discussed.

As shown in FIG. 14, a conductive gate material 156 may be deposited in the gate
trench 154, and excess conductive gate material 156 (e.g. conductive gate material 156 not
within the gate trench 154 of FIG. 12) may be removed to from the non-planar transistor

gate electrode 126 (see also FIG. 1), as shown in FIG. 15. The materials and methods of
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forming the gate electrode 126 have been previously discussed. The removal of the excess
conductive gate material 156 may be achieved by any technique known in the art,
including but not limited to chemical mechanical polishing (CMP), etching, and the like.

As shown in FIG. 16, a portion of the non-planar transistor gate electrode 126 may
be removed to form a recess 158 and a recessed non-planar transistor gate 162. The
removal may be accomplished by any known technique, including but not limited to wet
or dry etching.

As shown in FIG. 17, a capping diclectric material 164 may be deposited to fill the
recess 158 of FIG. 16. The capping dielectric material 164 may be any appropriate
material, including but not limited to silicon nitride (SixNy) and silicon carbide (SixCy).
However, known processes for depositing dielectrics, such as plasma enhanced chemical
vapor deposition, may not be capable of filing recesses 158 that have high aspect ratios
(height to width ratio) and may result in voids forming in the capping diclectric material
164. Such voids may result in contact-to-gate short circuits, as will be discussed. To
prevent voids from forming, high temperature deposition techniques (e.g. greater than
400°C) may be employed. However, high temperature deposition may affect the work
function of the non-planar transistor gate electrode 126, as will be understood by those
skilled in the art. Furthermore, high temperature deposition may result in dopant
movement or deactivation in the source/drain regions 150.

FIG. 18 is a flow diagram of a high density plasma (HDP) dielectric deposition
process 200 for forming substantially void free capping diclectric material 164 (see FIG.
17) within a high aspect ratio recesses 158 (see FIG. 17). As defined in block 210, walls
of a high density plasma chamber may be coated with a desired diclectric film, i.c. the
dielectric to be deposited. As defined in block 220, a microelectronic substrate, such as a
silicon wafer, may be placed on a chuck in the high density plasma chamber. In one
embodiment, the chuck may be a water-cooled ceramic electrostatic chuck at room
temperature, e.g. about 75°C. As defined in block 230, the high density plasma chamber
may be pressurized with an inert gas, such as argon. In one embodiment, the high density
plasma chamber may be pressure to a pressure greater than about 40 mTorr to strike a
sustainable low power radio frequency (RF) plasma. As defined in block 240, RF
electrodes within the high density plasma chamber may be powered up while introducing
at least one reactive gas into the high density plasma chamber. In one embodiment, each
of the RF electrodes, such as top and side electrodes, may be powered up to a range

between about 2kV and 8kV for a time duration between about 30 and 60 seconds. The
8-
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reactive gas may include, but is not limited to oxygen, nitrogen, and the like. The
microelectronic substrate temperature can be modulated between less than about 300°C
and 600°C by adjusting the temperature of the chuck. It is understood that the time
duration, microelectronic substrate temperature, RF power, and reactive gas mixture may
be adjusted for a desired deposition result. As defined in block 250, the deposition gas
may be introduced to the high density plasma chamber while powering a bias RF
clectrode. In one embodiment, a deposition gas comprising silane (SiH4), nitrogen (N3),
argon (Ar), and helium (He) may be used to deposit a silicon nitride dielectric. In another
embodiment, a deposition gas comprising silane (SiH4), methane (CHy), argon (Ar), and
helium (He) may be used to deposit a silicon carbide dielectric. The RF electrode may be
power to a range between about 3kV and 5kV with a bias RF electrode ranging from about
1kV and 3kV. The ratio of the nitrogen gas volume to the silane gas volume for silicon
nitride deposition and ratio of the methane gas volume to the silane gas volume may be
between about 0.5 and 9, depending on the desired properties of the dielectric layer, while
the silane gas flow is kept between about 30 and 70 sccm. Under these conditions, the
deposition rate may be in a range between about 7 to 30 Angstroms per second. It is
understood that the deposition duration may be calculated based on the desired dielectric
layer thickness and deposition rate. As defined in block 260, the deposition process is
discontinued by discontinuing the introduction of deposition gas into the high density
plasma deposition chamber and discontinuing power to the bias RF. The power to the RF
clectrodes may be ramped down and electrostatic charges are dissipated off of the
microelectronic substrate, so that the microelectronic substrate can be removed from the
clectrostatic chuck. After removal the high density plasma chamber may be cleaned, such
as by a remote plasma unit, and the walls of the high density plasma chamber may be
recoated with a desired dielectric film.

The above-described process may result in simultancous deposition and sputtering
of the dielectric layer, wherein an appropriate deposition to sputtering ratio may result in a
substantially void-free dielectric layer.

After deposition, the capping diclectric material 164 may be planarized to remove
excess capping dielectric material 164 (e.g. capping dielectric material 164 not within the
recess of FIG. 16) to form a capping dielectric structure 166 on the recessed non-planar
transistor gate 162 and between a gate spacers 144, as shown in FIG. 19. The removal of

the excess capping dielectric material 164 may be achieved by any technique known in the
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art, including but not limited to chemical mechanical polishing (CMP), etching, and the
like.

As shown in FIG. 20, a second diclectric material layer 168 may be deposited over
the first dielectric material layer 152, the gate spacers 144, and the capping diclectric
structure 166. The second diclectric material layer 168 may be formed from any
appropriate diclectric material, including but not limited to silicon dioxide (Si0O,), silicon
oxynitride (SiOxNy), and silicon nitride (SizNy), by any known deposition technique. As
shown in FIG. 21, an etch mask 172 may be patterned with at least one opening 174 on the
second dielectric material layer 168, such as by well known lithographic techniques.

As shown in FIG. 22, a contact opening 182 may be formed through the first
dielectric material layer 152 and the second diclectric material layer 168 by etching
through the etch mask opening 174 of FIG. 21 to expose a portion of the source/drain
region 150. The etch mask 172 of FIG. 22 may be removed thereafter, as shown in
FIG. 23. In one embodiment, the first dielectric material layer 152 and the dielectric
material layer 168 differs from dielectric material of both the gate spacers 144 and the
capping dielectric structure 166, such that the etching of the first diclectric material layer
152 and the second dielectric layer 168 may be selective to the gate spacers 144 and the
capping dielectric structure 166 (i.c. etches faster). This is known in the art as a self-
aligning.

As shown in FIG. 24, a conductive contact material 188 may be deposited in the
contact opening 182 of FIG. 23. The conductive contact material 188 may include, but is
not limited to, polysilicon, tungsten, ruthenium, palladium, platinum, cobalt, nickel,
hafnium, zirconium, titanium, tantalum, aluminum, titanium carbide, zirconium carbide,
tantalum carbide, hafnium carbide, aluminum carbide, other metal carbides, metal nitrides,
and metal oxides. It is understood that various adhesion layers, barrier layers, silicide
layers, and/or conductive layers may be conformally disposed or formed in the contact
opening 182 of FIG. 23 prior to the deposition of the conductive contact material 188.

As shown in FIG. 25, excess conductive contact material 188 of FIG. 24 (c.g.
conductive contact material 188 not within the contact opening 182 of FIG. 12) may be
removed to form a source/drain contact 190. The removal of the excess conductive
contact material 188 may be achieved by any technique known in the art, including but not
limited to chemical mechanical polishing (CMP), etching, and the like.

As previously discussed, in one embodiment, the first diclectric material layer 152

and the dielectric material layer 168 differs from diclectric material of both the gate
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spacers 144 and the capping diclectric structure 166, such that the etching of the first
dielectric material layer 152 and the second dielectric layer 168 may be selective to the
gate spacers 144 and the capping diclectric structure 166 (i.e. etches faster). Thus, the
recessed non-planar transistor 162 is protected during the formation of the contact opening

5 182. This allows for the formation of a relatively large sized source/drain contact 190,
which may increase the transistor drive current performance, without the risk of shorting
between the source/drain contact 190 and the recessed non-planar transistor gate 162.
This is not possible if voids exist in the capping dielectric structure 144, as the voids
would increase the likelihood of shorting between the source/drain contact 190 and the

10 recessed non-planar transistor gate 162.

It is understood that the subject matter of the present description is not necessarily
limited to specific applications illustrated in FIGs. 1-25. It is understood that although the
illustrated embodiments are directed to non-planar applications, the subject matter may be
applied to non-planar transistors and to non-replacement gate applications. Furthermore,

15  the subject matter may be applied to other microelectronic device fabrication applications,
as will be understood to those skilled in the art.
Having thus described in detail embodiments of the present invention, it is
understood that the invention defined by the appended claims is not to be limited by
particular details set forth in the above description, as many apparent variations thereof are

20 possible without departing from the spirit or scope thereof.
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CLAIMS
What is claimed is:
1. A transistor gate, comprising;:

a pair of gate spacers

a recessed gate electrode disposed between the pair of gate spacers; and

a substantially void free capping diclectric structure disposed adjacent the recessed
gate electrode and between the pair of gate spacers.

2. The transistor gate of claim 1, wherein the substantially void free capping
dielectric structure comprises silicon nitride.

3. The transistor gate of claim 1, wherein the substantially void free capping
dielectric structure comprises silicon carbide.

4. The transistor gate of claim 1, wherein the recessed gate electrode is a non-planar
gate clectrode.

5. A microelectronic device, comprising:

a non-planar transistor gate over a non-planar transistor fin, wherein the non-planar
transistor gate comprises a gate electrode recessed between a pair of gate spacers and a
substantially void free capping diclectric structure disposed on the recessed gate electrode
between the gate spacers,

a source/drain region;

at least one dielectric material layer over the source/drain region, the non-planar
transistor gate spacers, and the substantially void free capping dielectric structure; and

a source/drain contact extending through a portion of the at least one dielectric
material layer to contact the source/drain region.
6. The microelectronic device of claim 5, wherein the substantially void free capping
dielectric structure comprises silicon nitride.
7. The microelectronic device of claim 5, wherein the substantially void free capping
dielectric structure comprises silicon carbide.
8. The microelectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of one non-planar transistor gate spacer.
9. The microelectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of the capping dielectric structure.
10. A method of fabricating a transistor gate, comprising:

forming a pair of gate spacers;

forming a gate electrode disposed between the pair of gate spacers; and
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high density plasma depositing a capping dielectric structure on a top surface of the
recessed gate electrode and between the pair of gate spacers.
11. The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon nitride capping
5 dielectric structure.
12. The method of claim 10, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon carbide capping
dielectric structure.
13. The method of claim 10, wherein high density plasma depositing the capping
10  dielectric structure comprises high density plasma depositing the capping diclectric
structure at a temperature between about 300 °C and 600°C.
14. The method of claim 10, wherein forming the gate electrode comprises forming a
non-planar gate electrode.
15. A method comprising;:
15 forming a sacrificial non-planar transistor gate over a non-planar transistor fin;
depositing a dielectric material layer over the sacrificial non-planar transistor gate
and the non-planar transistor fin;
forming non-planar transistor gate spacers from a portion of the dielectric material
layer adjacent the sacrificial non-planar transistor gate;
20 forming a source/drain region;
removing the sacrificial non-planar transistor gate to form a gate trench between
the non-planar transistor gate spacers and expose a portion of the non-planar transistor fin;
forming a gate dielectric adjacent the non-planar transistor fin within the gate
trench;
25 depositing conductive gate material within the gate trench;
removing a portion of the conductive gate material to form a recess between the
non-planar transistor gate spacers;
forming a capping diclectric structure within the recess by high density plasma
depositing a dielectric material;
30 forming at least one dielectric material over the source/drain region, the non-planar
transistor gate spacers, and the capping diclectric structure; and
forming a contact opening through the at least one dielectric material to expose at

least a portion of the source/drain region.
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16. The method of claim 15, wherein high density plasma depositing the capping
dielectric structure comprises high density plasma depositing a silicon nitride capping
dielectric structure.

17. The method of claim 15, wherein high density plasma depositing the capping

dielectric structure comprises high density plasma depositing a silicon carbide capping

dielectric structure.

18. The method of claim 15, wherein high density plasma depositing the capping

dielectric structure comprises high density plasma depositing the capping dielectric

structure at a temperature between about 300 °C and 600°C.

19. The method of claim 15, wherein forming a capping dielectric structure comprises:
high density plasma depositing capping dielectric material within the recess; and
removing excess capping dielectric material.

20. The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the diclectric material which exposes at least a portion of the

source/drain region and at least a portion of one non-planar transistor gate spacer.

21. The method of claim 20, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region and exposed portion of the non-planar

transistor gate spacer.

22. The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the dielectric material which exposes at least a portion of the

source/drain region and at least a portion of the capping dielectric structure.

23. The method of claim 22, further comprising forming a source/drain contact abuts

the exposed portion of the source/drain region and the exposed portion of the capping

dielectric structure.

24. The method of claim 15, wherein forming a contact opening through the dielectric

material to expose at least a portion of the source/drain region further comprises forming a

contact opening through the diclectric material exposes at least a portion of the

source/drain region, at least a portion of the non-planar transistor gate spacer, and at least a

portion of the capping dielectric structure.

25. The method of claim 24, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region, the exposed portion of non-planar gate

spacer, and the exposed portion of the capping dielectric structure.
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
13/992,598 Aaron W. Rosenbaum P38683US

02265 | INTERNATIONAL APPLICATION NO. |

Winkle, PLLC PCT/US11/54464

c/o CPA Gilobal LA. FILING DATE PRIORITY DATE

P.O. Box 52050 09/30/2011

Minneapolis, MN 55402
CONFIRMATION NO. 5215

371 ACCEPTANCE LETTER

e

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

06/07/2013 06/07/2013
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(¢)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

+ Copy of the International Application filed on 06/07/2013

+ Copy of the International Search Report filed on 06/07/2013
+ Qath or Declaration filed on 06/07/2013

+ Request for Immediate Examination filed on 06/07/2013

« U.S. Basic National Fees filed on 06/07/2013

+ Authorization to Permit Access filed on 06/07/2013

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

KAREN R MCLEAN

Telephone: (571) 272-9093
page 1 of 1

FORM PCT/DO/EQ/903 (371 Acceptance Notice)
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APIZ-L[‘TII\(/igglIQON I 3’17;}%:1)1\1]:()}A¥E GI?JIZ\TIIXET I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAHVISI IND CLAIMSl
131992508 06/0772013 2300 P3S6I30S %
CONFIRMATION NO. 5215
92265 FILING RECEIPT
Winkle, PLLC
c/o CPA Global LA I
000000062009145

P.O. Box 52050
Minneapolis, MN 55402

Date Mailed: 06/18/2013

Receipt is acknowledged of this non-provisional 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 APPLICANT, 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 Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections 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

Inventor(s)
Aaron W. Rosenbaum, Portland, OR;
Din-How Mei, Portland, OR;
Sameer S. Pradhan, Portland, OR;
Applicant(s)
Aaron W. Rosenbaum, Portland, OR;
Din-How Mei, Portland, OR;
Sameer S. Pradhan, Portland, OR;

Power of Attorney: The patent practitioners associated with Customer Number 92265

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US11/54464 09/30/2011

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.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 06/15/2013
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/992,598

Projected Publication Date: 09/26/2013
page 1 of 3
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Non-Publication Request: No

Early Publication Request: No
Title

CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

Preliminary Class

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.

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).

page 2 of 3
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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 0or 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
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.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/992,598
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 CFR 1.16(a), (b}, or (<)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 480
EXAMINATION FEE
(87 CFR 1.16(0), {p), or (q)) N/A N/A N/A N/A 720
TOTAL CLAIMS . *
(37 CFR 1.16(7)) 25 minus 20= 5 OR |x 80 = 400
INDEPENDENT CLAIMS - *
(87 CFR 1.16(h)) 4 minus 3 = 1 x 420 - 420
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2300
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total . i I =
= (37 CFCF)E ?.15(1)) Minus = OR |«x =
a Independent * Minus | ** =
E (37 CFR 1.16(h)) = OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR |x =
% Independent * Minus | *** = = OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 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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MULTIPLE DEPENDENT CLAIM Application Number Filing Date
FEE CALCULATION SHEET 13992598
(For use with Form PTO/SE/06) Arpiicancs) A@ron Rosenbaum
* May be used for additional claims or amendments
CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 51
2 1 52
3 1 53
4 1 54
5 1 55
6 1 56
7 1 57
8 1 58
9 1 59
10 1 60
11 1 61
12 1 62
13 1 63
14 1 64
15 1 65
16 1 66
17 1 67
18 1 68
19 1 69
20 1 70
21 1 71
22 1 72
23 1 73
24 1 74
25 1 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 20
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 29
50 100
Total Indep 4 0 0
— | — —
Depend
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/992,598 06/07/2013 Aaron W. Rosenbaum P38683US
CONFIRMATION NO. 5215
92265 PUBLICATION NOTICE
Winkle, PLLC

6/0 CPA Global ORI R

P.O. Box 52050 0000000640325
Minneapolis, MN 55402

Title:CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

Publication No.US-2013-0248952-A1
Publication Date:09/26/2013

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/082a (01-10)

Approved for use through 07/31/2012. 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 contains a valid OMB controf number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 13992598
Filing Date 2013-06-07
First Named Inventor | Rosenbaum, Aaron W.
Art Unit | 2811
Examiner Name | Unknown

Attorney Docket Number | P38683US

U.S.PATENTS
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
I Patent Number Issue Date . Relevant Passages or Relevant
Initial No Codet of cited Document )
Figures Appear

1 6136697 A 2000-10-24 Wu

2 7456471 B2 2008-11-25 Anderson et al.

3 7528025 B2 2009-05-05 Brask et al.

If you wish o add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
- Cite No . Relevant Passages or Relevant
Initial Number Codet| Date of cited Document .
Figures Appear
1 20020130372 A1 2002-09-19 Kwon et al.
2 20060189058 A1 2006-08-24 Lee et al.
3 20110147831 A1 2011-06-23 Steigerwald et al.

EFS Web 2.1.17

Page 98 of 870



INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 13992598
Filing Date 2013-06-07
First Named Inventor | Rosenbaum, Aaron W.
Art Unit | 2811
Examiner Name | Unknown

Attorney Docket Number | P38683US

4 20080233699 A1 2008-09-25 Booth et al.
5 20100048007 A1 2010-02-25 Lee et al.
If you wish to add additional U.S. Published Application citation information please click the Add button.
FOREIGN PATENT DOCUMENTS
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Aoplicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code#| Date P Passages or Relevant
Document )
Figures Appear
. English Abstract
1 100585178 KR B1 2006-05-24 Kim et al. Submitted |:|
. Engtlish Abstract
2 10-0653711 KR B1 2006-12-05 Kim et al. Submitted |:|
English Abstract
3 10-2004-0050519 KR A 2004-06-16 Lee Submitted |:|
. English Abstract
4 10-2008-0021918 KR A 2008-03-10 | Shin Submitted ]
5 2013/048449 WO A1 2013-04-04 Pradhan et al. |:|
6 2013/048516 WO A1l 2013-04-04 Rosenbaum et al. |:|
7 2013/048524 WO A1 2013-04-04 | Pradhan et al. ]

EFS Web 2.1.17
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Application Number 13992598
Filing Date 2013-06-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Rosenbaum, Aaron W.
Art Unit | 2811

Examiner Name | Unknown
Attorney Docket Number | P38683US

8 2013/085490 wo A1 2013-06-13 | Pradhan et al. ]
If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . :
P (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . . .
publisher, city and/or country where published.
1 International Search Report and Written Opinion Received for PCT Patent Application No. PCT/US2011/054294, I:l
Mailed on May 15, 2012, 8 pages.
2 International Search Report and Written Opinion Received for PCT Patent Application No. PCT/US2011/054464, D
Mailed on May 15, 2012, 9 pages.
3 International Search Report and Written Opinion Received for PCT Patent Application No. PCT/US2011/054479, |:|
Mailed on May 16, 2012, 9 pages.
4 International Search Report and Written Opinion Received for PCT Patent Application No. PCT/US2011/063433, I:l
Mailed on July 20, 2012, 9 pages.

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

Examiner Signature Date Considered

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

* See Kind Codes of USPTO Patent Documents at www.USFTC.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

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

EFS Web 2.1.17
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Application Number 13992598

Filing Date 2013-06-07

INFORMATION DISCLOSURE

First Named Inventor | Rosenbaum, Aaron W.

STATEMENT BY APPLICANT

o Art Unit | 2811
( Not for submission under 37 CFR 1.99)

Examiner Name | Unknown

Attorney Docket Number | P38683US

CERTIFICATION STATEMENT

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

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

OR

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

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

[] See attached certification statement.
[[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

[X] A certification statement is not submitted herewith.

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

Signature /Robert G. Winkle/ Date (YYYY-MM-DD) 2013-10-23

Name/Print Robert G. Winkle Registration Number 37,474

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
pubtic 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 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, shouid be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general 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:

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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TUNGSTEN GATES FOR NON-PLANAR TRANSISTORS

BACKGROUND

Embodiments of the present description generally relate to the field of
nigroclectronic device fabwication and, more particularly, to the fabrication of tungsten
gates within non-planar transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed owt and
distinctly claimed in the concluding portion of the specification. The foregoing and other
features of the present disclosure will become more fully apparent from the following
description and appended claims, taken in conjunction with the accompanying drawings.
It is understood that the accompanying drawings depict only several embodiments in
accordance with the present disclosure and are, therefore, not to be considered limiting of
its scope. The disclosure will be described with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can
be more readily ascertained, in which:

FIG. 1 is a perspective view of a non-planar transistor, according to an
embodiment of the present description.

FIG, 2 tllustrates a side cross-sectional view of a non-planar transistor fin
formed in or on a microclectronic substrate.

FIG. 3 illustrates a side cross-sectional view of a sacrificial material deposited
over the non-planar transistor fin of FIG. 2, according to an embodiment of the present
description.

FIG. 4 illustrates g side cross-sectional view of a trench formed in the
sacrificial material deposited to expose a portion of the non-planar transistor fin of FIG, 3,
according to an embodiment of the present description.

F1G. 3 iftustrates a side cross-sectional view of a sacrificial gate formed in the
trench of FIG, 4, according to an embodiment of the present description.

FIG. 6 ilustrates a side cross-sectional view of the sacrificial gate after the
rernoval of the sacrificial material of FIG. 5, according to an embodiment of the present
description.

FI1G. 7 iflustrates g side cross-sectional view of a conformal dielectric layer
deposited over the sacrificial gate and microelectronic substrate of FIG. 6, according to an

cmbodiment of the present description.
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FIG. ¥ iftustrates a side cross-sectional view of gate spacers formed from the
conformal diclectric laver of FIG. 7, according to an embodiment of the present
description,

FIG. 9 illustrates a side cross-sectional view of a source region and a drain
region formed in the non-playar fransistor fin ou either side of the gate spacers of FIG. &,
according to an embodiment of the present description.

FI1G. 10 illustrates a side cross-sectional view of a first divlectric materiat
deposited over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the
microelectronic substrate of FIG. 9, according to an embodiment of the present
description.

FiG. 11 illustrates a side cross-sectional view of the structure of FIG. 10 after
planarizing the first diclectric material to expose a top surface of the sacrificial gate,
according to an embodiment of the present description.

FI1G. 12 illustrates a side cross-sectional view of the structure of FIG, 11 afier
the removal of the sacrificial gate to form a gate trench, according to an embodiment of
the present description.

FIG. 13 llustrates a side cross-sectional view of the structure of FIGL 12 after
the formation of a gate diclectric adjacent the non-planar transistor fin between the gate
spacers, according to an embodiment of the present description.

F1G. 14 illustrates a side cross-sectional view of the structure of FIG. 13 after
the formation of an WMOS work-function material within the gate trench, according to an
embodiment of the present description,

FIG. 15 illustrates a side cross-sectional view of the stracture of FIG, 14 after
the formation of a gate fill barrier deposited on the NMOS work-function material,
according to an embodiment of the present description.

FIG. 16 illustrates a side cross-sectional view of a conductive gate material
deposited in the gate trench of FIG. 13, according © an embodiment of the present
description.

FI1G. 17 illustrates a side cross-sectional view of the structure of FIG. 16 after
the removal of excess conductive gate material 1o form a non-planar transistor gate,
according to an embodiment of the present description.

FIG. 18 illustrates a side cross-sectional view of the stracture of FIG, 17 after
etching away a portion of the non-planar transistor gate to form a recessed non~planar
transistor gate, according to an embodiment of the present description.
>
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FIG. 19 illustrates a side cross-sectional view of the structure of FIG, 18 afier
dopositing & capping diclectric material into the recess resulting from the formation of the
recessed non~planar fransistor gate, according to an embodiment of the present deseription.

FIG. 20 Hustrates a side cross~sectional view of the structure of FIG. 19 after
the removal of excess capping dielectric material to form a capping structure on the non-
planar transistor gate, according to an embodiment of the present description.

FI1G, 21 illustrates a side cross-sectional view of a second diclectric material
deposited over the first diclectric material layer, the gate spacers, and the sscrificial gate
top surface of FIG. 20, according to an embodiment of the present description.

FI1G. 22 illustrates a side cross-sectional view of an eich mask patterned on the
sccond dielectric material of FIG. 21, according to an embodiment of the present
deseription,

FIG. 23 Hustrates a side cross-sectional view of a contact opening formed
through the first and second dielectric material layer of FIG. 22, according to an
embodiment of the present description.

F1G. 24 illusirates a side cross-scctional view of the structure of FIG. 23 after
the removal of the etch mask, according to an embodiment of the present deseription.

FIG. 235 (Hustrates a side cross-sectional view of a conductive contact material
deposited in the contact opening of FIG. 24, according to an embodiment of the present
description.

FIG. 26 illustrates a side cross-sectional view of the structure of FIG. 23 after
the removal of the excess conductive contact material to form a source/drain contact,
according to an embodiment of the present description.

F1G. 27 is a How diagram of a process of forming a non-planar transistors,
according to an embodiment of the present description.

FIG. 28 is a tlow diagram of a process of forming s non-planar transistors,
according to another embodiment of the present description.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings that show, by way of llustration, specific embodiments in which the claimed
subject matter may be practiced. These embodiments are described in sufficient detail to
enable those skilled n the art to practice the subject matter. It is to be understood that the
various embodiments, although different, are not necessarily mutually exclusive, For
example, a particular feature, structure, or characteristic described hercin, in connection

23
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with one embodiment, may be tmplemented within other embodiments without departing
from the spirit and scope of the claimed subject matter. References within this
specification to “one embodiment”™ or “an embodiment™ mean that a particular featuse,
structure, or characteristic deseribed in connection with the embodiment is included in at
feast one implementation encompassed within the present invention, Therefore, the use of
the phrase “one embodiment” or “in an embodiment™ does not necessarily refer to the
same cmbodiment.  In addition, it is to be understood that the location or srrangement of
individual clements within cach disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The following detailed description
18, therefore, not to be taken in a himiting sense, and the scope of the subject matter is
defined only by the appended claims, appropriately interpreted, along with the full range
of equivalents to which the appended claims are entitled. In the drawings, like numerals
refer to the same or similar elements or functionality throughout the several views, and
that clements depicted therein are not necessarily to scale with one another, rather
individual clements may be enlarged or redoced in order to more casily comprehend the
clements in the context of the present description.

{n the fabrication of non-planar trangistors, such as tri-gate transistors and
FinFETS, non-planar semiconductor bodics may be uscd to form transistors capable of full
depletion with very small gate lengths (e.g., less than about 30 nm). These semiconductor
bodies are gencerally fin-shaped and are, thus, generally referred to as transistor “fins™.
For example in a tri-gate transistor, the transistor fing have a top surface and two opposing
sidewalls formed on a bolk semiconductor substrate or a silicon-on-insulator substrate. A
gate diclectric may be formed on the top surface and sidewalls of the semiconductor body
and a gate clectrode may be formed over the gate dielectric on the top surface of the
semiconductor body and adjacent to the gate dielectric on the sidewalls of the
semiconductor body. Thus, since the gate dielectric and the gate clectrode are adjacent to
three surfaces of the semiconductor body, three separate channels and gates are formed.
As there are three separate channels formed, the semiconductor body can be fully depleted
when the fransistor is turned on. With regard to fimFET transistors, the gate material and
the clectrode only contact the sidewalls of the semiconductor body, such that two separate
channels are formed (rather than three in tri-gate fransistors).

Embodiments of the present description relate to the formation of gates within
non-planar transistors, wherein an NMOS work-fonction material, such as a composttion
of aluminum, titanium, aad carbon, may be used in conjunction with & titanium-containing

e
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gate fill barrier to facilitate the use of a tungsten-containing conduective material in the
formation of gate clectrodes of non-planar transistor gates.

FIG. 1 is a perspective view of a non-planar transistor 100, incheding at least
ovne gate formed on at least one transistor fin, which are formed on a microelectronie
substrate 102, In an exnbodiment of the present disclosure, the microclectronic substrate
102 may be a monocrystalline silicon substrate. The microclectronic substrate 102 may
also be other types of substrates, such as silicon-on-insulator (“"SOI™), germanium, gallium
arsenide, indiwm antimonide, lead telluride, indiuny arsenide, indium phosphide, gallium
arsenide, gallivoy antimonide, and the like, any of which may be combined with silicon.

The non-planar transistor, shown a8 a fri-gate transistor, may include at least
one non-planar transistor fin 112, The non-planar transistor fin 112 may have a top
surface 114 and a pair of laterally opposite sidewalls, sidewall 116 and opposing sidewall
118, respectively.

As furthor shown in FEG, 1, at least one non-planar transistor gate 122 may be
formed over the non-planar transistor fin 112, The non-planar fransistor gate 122 may be
fabricated by fornung a gate diclectric layer 124 on or adjacent to the non-planar transistor
fin top surface 114 and on or adjacent to the non-planar transistor fin sidewall 116 and the
opposing non-planar transistor fin sidewall 118, A gate clectrede 126 may be formed on
or adjacent the gate dielectric layer 124, In one embodiment of the present disclosare, the
non-planar transistor fin 112 may run in a direction substantially perpendicular to the non-
planar transistor gate 122,

The gate diclectric fayer 124 may be formed from any well-known gate
diclectric material, including but not limited to silicon dioxide {8510,), silicon oxynitride
{(SION,), silicon nitride (SiaNy), and high-k dielectric materials such as hafntam oxide,
hafniam silicon oxide, lanthanum oxide, lanthanom alominam oxide, zirconiunt oxide,
zirconiwm sthicon oxide, tantalum oxide, titanium oxide, bartum strontiun fitanium oxade,
barium titanium oxide, strontium titanium oxide, ytrium oxide, aluminum oxide, lead
scandium tantalam oxide, and lead zine niobate. The gate diclectrie layer 124 can be
formed by well-known techniques, such as by conformally depositing a gate diclectric
material and then paiterning the gate dielectric material with well-known photolithography
and etching techniques, as will be understood to those skilled in the art.

The gate electrode 126 may be formed by various embodiments of the present

invention, as will be discussed.
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A source region and a drain region {not shown in FIG. 1) may be formed in the
non-planar transistor fin 112 on opposite sides of the gate clectrede 126, Inone
embodiment, the source and drain regions may be formed by doping the non~planar
transistor fins 112, as will be understood to those skilled in the art. In another
embodiment, the source and drain regions may be formed by romoving potions of the non-
planar transistor fins 112 and replacing these portions with appropriate material(s) to form
the source and drain regions, as will be understood to those skilled in the art. In stil
another embodiment, the source and drain regions may be formed by exitaxially growing
daoped or undoped strain layers on the fins 112,

FIGs. 2-26 illustrate side cross~-sectional view of one embodiment of
fabricating a non-planar transistor, wherein FIGs. 2-5 are views along arrows A-A and B-
B of FIG. 1, FiGs. 6-13 are views along arrows A-A of FIG. 1, and FIG. 16-26 are views
along arrows C~-C of FIG. 1.

As shown in FIG. 2, the non-planar transistor fin 112 may be formed by
etching the microclectronic substrate 102 or by forming the non-planar transistor fin 112
on the microelectronic substrate 102 by any technique known in the art. As illustrated in
FIG, 3, a sacrificial material 132 may be deposited over the nou-planar trausistor fin 112,
as shown in FIG. 3, and a trench 134 may be formed in the sacrificial material 132 to
expose a potion of the non-planar transistor fin 112, as shown in FIG. 4. The sacrificial
material 132 may be any appropriate material known in the art, and the trench 134 may be
formed by any technique known in the art; including but not limited to lithographic
masking and ctehing.

As shown in FIG. 5, a sacrificial gate 136 may be formed in the trench 134 {soe
FIG. 4). The sacrificial gate 136 may be any appropriate waterial, such as a polysilicon
material and the like, and may be deposited in the trench 134 {sco FIG. 4) by any
technique known in the art, including but not Homted to chewmical vapor deposttion
{OVD™Y and physical vapor deposition (“PVD™).

As shown in FIG. 6, the sacrificial material 132 of FIG. 5 may be removed o
expose the sacrificial gate 136 by any technigue known in the act, such as selectively
etehing the sacrificial material 132, Ag shown in FIG. 7, a conformal diclectric layer 142
may be deposited over the sacrificial gate 136 and microsiectronic substrate 102, The
conformal diclectric layer 142 may be any appropriaie material, inclading bat not limited
to silicon nitride (Si:Ny) and silicon carbide (81C), and may be formed by any appropriate
technique including but not limited o atomic layer deposition (CALD™).

e
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As shown in FIG. &, the conformal diclectric layer 142 of FIG. 7 may be
etched, such as by divectional otch with an appropriate ctehant, to form a pair of gate
spacers 144 on sidewalls 146 of the sacvificial gate 136, while substantially removing the
conformal diclectric material layer 142 adjacent the microclectronic substrate 102 and a
top surface 148 of the sacrificial gate 136, I isunderstood that fin spacers (not shown)
may be stmudtancousty formed on sidewalis 116 and 118 (see FIG. 1) of the non-planar
trangistor fin 112 during the formation of the gate spacers 144,

As shown in FIG, 9, a souwrce region 150a and a drain region 150b may be
formed on cither side of the gate spacers 144, In one embodiment, the seurce region 150a
and the drain region 150b may be formed in the non-planar fransistor fin 112 with the
implantation of N-type ion dopants. As will be understood to those skilled in that art,
dopant iraplantation is a process of introducing impurities into semiconducting materials
for the purpose changing its conductivity and electronic properties. This is generally
achieved by lon implantation of either P-type tons {e.g. boron) or N-type ions (e.g.
phosphoras), collectively referred to as “dopants™. In another embodiment, portions of the
non-planar transistor fin 112 may be removed by any technique kuown in the art, such as
etching, and the source region 150a and the drain region 130b may be formed in place of
the removed portions. In still another enabodiment, the source and drain regions may be
formed by exitaxially growing doped or undoped strain layers on the fins 112, The source
region 150a and the drain region will hereinafter be referred to collectively as
“source/drain region 1307, As will be understood to those skilled in the art, transistors
having P-type source and drains are referred to as “"PMOS” or “p-channel metal-oxide~
seniconductor’” transistors, and transistors having N-type source and drains are referred to
as “NMOS™ or “n-channel metal-oxide-semiconductor™ transistors. The preseot
deseription refates to NMOS trangistors. Thus, the source/drain region 150 may be N-
type.

As shown in FIG. 10, a first diclectric material layer 152 may be deposited
over the gate spacers 144, the sacrificial gate top surface 148, the non-planar transistor fin
112, and the microclectronic substrate 102, The first dielectvic material fayver 132 may be
planarizing to cxpose the sacrificial gate top surface 148, as shown i FIG, 11, The
planarization of the first dielectric material layer 152 may be achieved by any technique
known in the art, including but not limited to chemical mochanical polishing (CMP).

As shown in FIG. 12, the sacrificial gate 136 of FIG. 11 may be removed to
form a gate trench 154, The sacrificial gate 136 may be removed by any technique known

b=y
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i the art, such ag a selective ctch. As shown in FIG. 13, the gate dielectric laver 124, as
also Hustrated in FIG. 1, may be formed o abut the non-planar transistor fin 112, as
previously discussed. The materials and methods of forming the gate dielectric 124 have
been previously discussed.

As shown in FI1G. 14, an NMOS work-function material 156 may be
conformally deposited within the gate trench 1534, The NMOS work-function material 156
may comprise a composition including alwminum, titanium, and carbon. In one
embodiment, the NMOS work-function material 136 may include between about 20 to
40% by weight slaminum, between about 30 to 50% by weight titaniuwm, and between
about 10 to 30% by weight carbon. In a further embodiment, the work-function material
may include about 33% by weight aluminum, about 43% by weight titanium, and about
24% by weight carbon. The NMOS work-function material 156 may be conformally
deposited by an ALD process to provide good coverage of the non~planar transistor fin
112 and achieve & antform threshold voltage around the gate trench 134, as will be
understood to those skilled in the art. 1t is further understood that the aluminum to
titanium ratio way be adjusted to tune the work function of the non-planar trausistor 100,
whereas the carbon may be an artifact of the ALD process, rather than an added
component.

As shown in FIG. 18, a gate fill barrier 158 may be conformally deposited on
the NMOS work-function material 156, The gate fill barrier 158 may be a titanium-
containing material, including but not limited to substantially puare titanhum, titanium
nifride, and the tike. The gate fill barrier 15% may be formed by any known techmique. In
one embodiment, the gate fill barrier 138 may be titanium nitride formed by a chemical
vapor deposition process comprising the decomposition of
tetrakis{dimethylaminopitanium (TDMATY with plasma densification at about 400°C. In
another embodinment, the gate fill barrier 158 may be titanium nitride formed by an atomic
layer deposition process comprising pulses of titanium chloride (TiCl) and ammonia
{(NHz) at about 300 °C. In still another embodiment, the gate il barrier 158 may be a bi-
faver of titaniwm and titaniun nitride, wherein a titantum layver mavbe formed by physical
vapor deposition and the titanium nitride may be formed as discussed sbove. The gate
basrier fayer 138 may allow for the use of tungsten hexafluoride to deposit tungsten in a
subsequent step to provent fluorine attack. The use of the titanium layer i the
titaniumAtitanium nitride bi-layer may act as a gettering agent for any fleorine that may
diffuse through the titanium nitride laver.

-8
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As shown in FIG. 16, a tungsten gate fill material 162 may be deposited on the
gate fill barrier 158, The tungsten gate fill material 162 may be formed by any technigue
koown in the art. In one embodiment, a nucleation layer may be formed, such as pulsed
diborane and tungsten hexafluoride at about 300 °C, followed by bulk tungsten grown by a
tungsten hexafluoride reacting with hydrogen at about 395 °C. In one embodiment, the
tungsten gate fill material 162 is a tungsten-containing material. In another embodiment,
the tungsten pate fill material 162 is substantially pure tungsten.

Excess tungsten gate fill material 162 (e.g. tungsten gate fill material 162 not
within the gate trench 154 of FIG. 16) may be removed to form the non-planar transistor
gate clectrode 126 {see also FIG. 1), as shown in FIG. 17, The removal of the excess
tungsten gate fill material 162 may be achieved by any technigue known in the art,
including but not {imited to chemical mechanical polishing {CMP), ciching, and the like.

As shown in FIG. 18, a portion of the non-planar transistor gate electrode 126
may be removed to form a recess 164 and a recessed non-planar transistor gate 166, The
removal may be accomplished by any known technique, including but not limited to wet
ot dry etching. In one embodiment, the formation of the recess may result front a
combination of a dry etch and a wet otch. For example, the tangsten gate fill material 162
may be recossed with a sulfur hexafluoride dey cteh and the NMOS work-function
materiat 156 may be recessed with a subsequent wet eich.

As shown in FIG. 19, a capping dielectric material 16% may be deposited to fill
the recess 164 of FIG. 18, The capping diclectric material 168 may be any appropriate
material, ictuding but not himited to silicon nitride (S1:N4) and silicon carbide (51C), and
may be formed by any appropriate deposition technique. The capping diclectric material
168 may be planarized to remove excess capping dielectric material 16X {e.g. capping
dielectric material 168 not within the recess of F1G. 16) to form a capping diclectric
structare 170 on the recessed non-planar transistor gate 166 and betwoeen a gate spacers
144, as shown in FIG. 20. The removal of the excess capping diclectric material 168 may
be achieved by any technique known in the art, inchuding but not limited to chemical
mechanical polishing (CMP), etching, and the like.

As shown in FIG. 21, a second diglectric material layer 172 may be deposited
over the first diclectric material layer 152, the gate spacers 144, and the capping dislectric
structure 170, The secoud diclectric material layer 172 may be formed frony any
appropriate dielectric material, including but not limited to silicon dioxide (810,), silicon
oxynitride (S10.Ny), and silicon nitride (SisNy), by any known deposition technique. As

9.
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shownin FIG. 22, an etch mask 174 may be patierned with at least one opening 176 on the
second diclectric material tayer 172, such as by well known Hithographic techniques,

As shown in FIG. 23, a contact opening 182 may be formed through the first
diclectric material layer 152 and the sccond diclectric material layer 172 by etching
through the etch mask opening 176 of FIG. 24 to expose a portion of the source/drain
region 150, The cich mask 174 of FIG. 23 may be removed thereafter, as shown in
FIG. 24. In one embodiment, the first diclectric material layer 152 and the second
diclectric materiad fayer 172 differs from diclectric material of beth the gate spacers 144
and the capping diclectric structure 170, such that the ctching of the first dielectric
material layer 152 and the second dielectric layer 172 may be selective to the gate spacers
{44 and the capping diclectric structure 170 (e, etehes faster). This is known in the art as
a self-aligning.

As shown in FIG. 23, g conductive contact material 188 may be deposited in
the contact opening 182 of FIG, 23, The conductive contact material 188 may tnclude, but
is not himited to, polysilicon, tungsten, ruthentum, palladium, platinum, cobalt, nickel,
hafniam, zircontum, tHtaniwm, tantahwn, alminum, titanium carbide, zircontum carbide,
tantalum carbide, hafnium carbide, sluminman carbide, other metal carbides, metal nitrides,
and metal oxides. It is understood that various adhosion layers, barvier layers, silicide
layers, and/or conductive layers may be conformally disposed or formed in the contact
opening 182 of FIG. 23 prior to the deposition of the conductive contact material 188,

As shown in FIG. 26, excess conductive contact material 188 of FIG. 27 {e.g.
conductive contact material 18& not within the contact opening 182 of FIG. 24) may be
removed to form a source/drain contact 190, The removal of the excess conductive
contact material 188 may be achieved by any technique known in the ari, including but not
timited to chernical mechanical polishing (CMP), ciching, and the like.

As previously discussed, in one embodiment, the first dielectric material layer
152 and the dielectric material layer 168 differs from dielectric material of both the gate
spacers 144 and the capping diclectric structure 166, such that the etching of the first
diclectric material layver 152 and the sccond dicleetric laver 168 may be selective to the
gate spacers 144 and the capping dielectric structure 166 (t.e. etches faster). Thus, the
recessed non-planar transistor 162 is protected during the formation of the contact opening
182, This allows for the formation of a relatively large sized sourceddrain contact 190,
which may increase the transistor drive current performance, withowt the risk of shorting
between the source/drain contact 190 and the recessed non-planar transistor gate 162,

~10-
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Although the present description relates 1o non-planar NMOS transistors, it is
understood that integrated cireuitry into which the non-planar NMOS transistor arc
incorporated may also include non-planar PMOS transistors. Thus, the process of
fabricating non~planar NMOS transistors may be incorporated into an overall integrated
circuitry fabrication process.

In one embodiment, as shown in the process 200 of flow diagram in FIG. 27,
after the formation of the structures from FIG. 2-13, a PMOS work~-function material, such
as titanium nitride, may be deposited in the gate trench, as defined in block 210, As
defined in block 220, & portion the PMOS work-function material, within arcas for
fabrication of NMOS gates may be removed, such as by resist patterning and ctching, as
known in the art. The process may then be continued starting at FIG. 14, such as leaving
the patterned resist in place while depositing the NMOS work-fanction material.

in one embodiment, as shown i the process 300 of flow diagram wn FIG. 28,
after the formation of the structures from FIG. 2-14, a portion of the NMOS work-function
material within arcas for fabrication of PMOS gates may be removed, such as by resist
patterning and etching, as known in the art. As define in block 310, a PMOS wark-
function material, such as titanium nitride, may be deposited in the gate trench, as defined
i block 320, The process may then be continued starting at FIG. 15, 1t is understood that
the separate formation of the gate fill barrier 158, as shown in FIG. 15, may not be
required as the PMOS work-function deposited in block 310 may also serve as the gate fill
barrier 158,

1t 15 understood that the subject matter of the present description is not
necessarily limited to specific applications tlustrated in FIGs. 1-28. The subject matter
may be applied to other microelectronic device fabrication applications, as will be
anderstood to those skilled in the art.

Having thus described in detail embodiments of the present invention, it is
understood that the invention defined by the appended claims is not to be Hmited by
particular details set forth in the above description, as many apparent variations thercof are

possible without departing from the spirit or scope thereof.
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CLAIMS
What is claimed is:
i. A fransistor gate, comprising:
a pair of gate spacers; and
a gate electrode disposed between the pair of gale spacers, wherein the gate
electrode includes:
an NMOS work-function material adjacent at least a portion of the pair of
gates spacers and comprising aluminum, titanivm, and carbon;
a titantum-contaring gate fill barricr adjacent the NMOS work-function
maierial; and

a wngsten-contaming gate fill material adjacent the gate fill barrier.

2, The transistor gate of claim 1, wherein the gate clectrode is non-planar.
3. The transistor gate of claim 1, wherein the NMOS work-fanction material

coraprises boetween about 20 to 40% by weight aluminan, between about 30 1o 50% by
weight titanium, and between about 10 to 30% by weight carbon.
4, The transistor gate of ¢laim 1, wherein the NMOS work-function material
comprises aboal 33% by weight aluminum, about 43% by weight titaniam, and about 24%
by weight carbon.
s, The transistor gate of claim 1, further incloding a capping diclectric structure
disposed adjacent the non-planar gate electrode and between the pair of gate spacers.
6. A method of fabricating a transistor gate, comprising:
forming a pair of gate spacers, and
forming a gate clectrode disposed betwoeen the pair of gate spacers comprising
conformally depesiting an NMOS work-function material adjacent the pair
of gates spacers and comprising aluminum, titanium, and carbon;
couformally depostling a tilardurn-containing gate fill barmer adjscent the
NMOS work-function material; and

depositing a tungsten-containing gate fill material adjacent the gate fill

barrier.
7. The method of claim 6, wherein conformally depositing the NMOS work-function

material comprises conformally depositing the NMOS work-function material having a
coraposition between about 20 to 40% alununuwm, between about 30 to 50% titaniwm, and

between about 10 to 30% carbon.
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8. The method of ¢laim 7, wherein conformally depositing the NMOS work-function
material comprises conformally depositing the NMOS work-function material having a
composition of about 33% by weight aluminurm, about 43% by weight tifanium, and
between about 24%% by weight carbon.
9. The method of ¢laim 6, further including:

conformally depositing a PMOS work-fanction material adjacent the pair of gates
spacers; and

removing a portion of the PMOS work-function material within arcas for
fabrication of the NMOS gate electrede prior to depositing the NMOS work-function
material.
0. The method of ¢laim 9, wherein conformally depositing the PMOS work-funcrion
material comprises conformally depositing a titaninm anitride PMOS work-fanction
material.
il. The method of ¢laim 6, further including:

removing a portion of the NMOS work-function material within areas for
fabrication of PMOS gate clectrodes; and

conformally depositing a PMOS work-function material adjacent the pair of gates
spacers and on the NMOS work-function material within arcas for fabrication of the
NMOS gate clecirodes.
12, The method of claim 11, wherein conformally depositing the PMOS work-function
material comprises conformally depositing a titaniom nitride PMOS work-function
material,
13, The moethod of ¢claim 6, further including:

removing a portion of the NMOS work-function material within areas for
fabrication of PMOS gaie electrodes; and

conformally depositing a titaninm-containing layer as a gate fill barrier adjacent
the NMOS work-function material within areas for fabrication of the NMOS gate
clectrodes and as a PMOS work-function material within arcas for fabrication of PMOS
gate clectrodes,
14, The method of claim 13, wherein conformally depositing a titanium-containing
laver comprises conformally depositing a titanium nitride layer.
15. The method of ¢laim 6, further including forming a capping diclectric structure

disposed adjacent the non-planar gate electrode and between the pair of gate spacers.
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6. The method of ¢laim 13, wherein forming a capping diclectric structure disposed
adjacent the non-planar gate clectrode and between the pair of gate spacers, comprises:
forming a recess between the gate spacers by removing a portion of the gate
clectrode; and
depositing a capping diclectric material within the rocess.
7. A wicthod of fabricating a non-planar transistor gate, comprising:
forming a sacrificial non-planar transistor gate over & non-planar transistor fing
depositing a diclectric material layer over the sacrificial non-planar transistor gate
and the non-planar transistor fing
forming non-planar transistor gate spacers from a portion of the dielectric material
layver adjacent the sacrificial non-planar transistor gate;
forming a source/drain region;
removing the sacrificial non~planar transistor gate to form a gate trench between
the non-planar transistor gate spacers and expose a portion of the non-planar trangistor fing
forming a gate dielectric adjacent the non~planar transistor fin within the gate
trenchy;
forming a gate electrode disposed between the pair of gate spacers, comprising
conformally depositing an NMOS work-function material adjacent the pair
of gates spacers and comprising aluminum, titanium, and carbon;
conformally depositing a titantum-containing gate fill barrier adjacent the
NMOS work~-function material; and
depositing a tungsten-containing gate fill matertal adjacent the gate fill
barrier;
removing a portion of the gate electrode to form a recess between the non-plavar
transistor gate spacers;
forming a capping diclectric structure within the recess;
forming at least one dielectric material layver over the source/drain region, the non-
planar transistor gate spacers, and the capping diclectrie structure; and
forming a contact opening through the at least one diclectric material to contact at
least a portion of the source/drain region.
18. The method of ¢laim 17, wherein conformally depositing the NMOS work~
function material comprises conformally depositing the NMOS work-function material
having a composition between about 20 to 40% by weight aluminpm, between abowt 30 to
30% by weight titanium, and between about 19 to 30% by weight carbon,

14
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19 The method of ¢laim 17, wherein conformally depositing the NMOS work-
function material comprises conformally depositing the NMOS work-function material
having a composition of about 33% by weight alumimum, about 43%6 by weight titanhum,
and between about 24%; by weight carbon.
20 The method of ¢laim 17, further including:

conformally depositing a PMOS work-fanction material adjacent the pair of gates
spacers; and

removing a portion of the PMOS work-function material within arcas for
fabrication of the NMOS gate electrede prior to depositing the NMOS work-function
material.
21. The method of claim 20, wherein conformally depositing the PMOS work-function
material comprises conformally depositing a titaninm anitride PMOS work-fanction
material.
22 The method of ¢laim 17, further including:

removing a pottion of the NMOS work-function material within areas for
fabrication of PMOS gate clectrodes; and

conformally depositing a PMOS work-function material adjacent the pair of gates
spacers and on the NMOS work-function material within arcas for fabrication of the
NMOS gate clecirodes.
23. The method of claim 22, wherein conformally depositing the PMOS work-function
material comprises conformally depositing a titaniom nitride PMOS work-function
material,
24, The moethod of ¢laim 17, further including:

removing a portion of the NMOS work-function material within areas for
fabrication of PMOS gaie electrodes; and

conformally depositing a titaninm-containing layer as a gate fill barrier adjacent
the NMOS work-function material within arcas for fabrication of the NMOS gate
clectrodes and as a PMOS work-function material within arcas for fabrication of PMOS
gate clectrodes,
25. The method of claim 22, wherein conformally depositing a titanium-containing

gate il barrier comprises conformally depositing a titanium nitride tayer.
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CAPPING DIELECTRIC STRUCTURE FOR TRANSISTOR GATES

BACKGROUND

Embodiments of the present description generally relate to the field of
microclectronic device fabrication and, more particutarly, to the fabrication of capping
5 diclectrie structures within non-planar transistor gates.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and
distinetly claimed in the concluding portion of the specification. The forcgoing and other
features of the present disclosure will become more fully apparent from the following

18 description and appended claims, taken in conjunction with the accornpanying drawings.
It is understood that the accompanying drawings depict only several embodiments in
accordance with the present disclosure and are, therefore, not to be considered limiting of
its scope. The disclosure will be desoribed with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can

15 be more readily ascertained, in which:

FI1G. 1 is a perspective view of a non-planar transistor, according to an
embodiment of the present description.

FIG. 2 illustrates a side cross-sectional view of a non-planar transistor fin formed
in or on a microelectronic substrate.

20 FIG. 3 illustrates a side cross-sectional view of a sacrificial material deposited over
the non-planar transistor fin of FI1G, 2, sccording to an embodiment of the present
description.

FIG. 4 iHustrates & side cross-sectional view of a trench formed in the sacrificial

material deposited to expose a portion of the non-planar transistor fin of FIG. 3, according
p { I i) . g

]
|94

to an embodiment of the present description,

FIG. 5 illustrates a side cross-sectional view of a sacrificial gate formed in the
trench of FIG. 4, according to an embediment of the present description.

FIG. 6 (Hustrates a side cross-sectional view of the sacrificial gate after the
removal of the sacrificial material of FIG. 5, according to an embodiment of the present
30 description.

FIG. 7 illustrates a side cross-sectional view of a conformal dielectric layer
deposited over the sacrificial gate and microelectronic substrate of FIG. 6, according to an

emnbodiment of the present deseniption,

o1
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FIG. 8 iliastrates a side cross-sectional view of gate spacers formed from the
conformal diclectric layer of FIG. 7, according to an embodiment of the present
deseription.

FIG. 9 ilustrates a side cross-sectivnal view of & source region and a drain region
formed in the non-planar transistor fin on either side of the gate spacers of FIGL &,
according to an embodiment of the present deseription.

FIG. 10 illustrates a side cross-sectional view of a first diclectric material deposited
over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the
microclectronic substrate of FIG. 9, according to an embodiment of the present
description.

FHG. 11 iltustrates a side cross-sectional view of the structure of FIG. 10 affer
planarizing the first dielectric material to expose a top surface of the sacrificial gate,
according to an cmbodiment of the present description,

FIG. 12 illustrates a side cross-sectional view of the structure of FIG. 11 after the
removal of the sacrificial gate to form a gate trench, according to an embodiment of the
present description.

FIG. 13 illustrates a side cross-sectional view of the structure of FIG. 12 after the
formation of a gate diclectric adjacent the non-planar transistor fin between the gate
spacers, according to an embeodiment of the present description.

FIG. 14 illustrates a side cross-sectional view of a conductive gate material
deposited in the gate trench of FIG. 13, according to an embodiment of the present
description.

FIG. 15 illustrates a side cross-sectional view of the structure of FIG. 14 after the
removal of excess conductive gate material to form a non-planar transistor gate, according
to an embodiment of the present description,

FIG. 16 ilustrates a side cross-sectional view of the structure of FIG, 135 after
etching away a portion of the non-planar transistor gate to form g recessed non-planar
transistor gate, according to an embodiment of the present description.

FIGL 17 illustrates a side cross-sectional view of the structure of FIG. 16 after
depositing a capping diclectric material into the recess resulting from the formation of the
recessed non-planar transistor gate, according to an embodiment of the present description.

FIG 18 ilfastrates a flow diagram of a high density deposition process for the
deposition of the capping diclectric material of FIG. 17, according to an embodiment of

the present description.

r-
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FIG. 19 illustrates a side cross-sectonal view of the structare of FIG. 17 after the
removal of excess capping diclectric material to form a capping dielectric structure on the
non-planar trausistor gate, according to an embodiment of the present description.

FIG. 20 (ustrates a side cross-sectional view of & second dielectric material

191

deposited over the first diclectric material layer, the gate spacers, and the sacrificial gate
top surface of FIG. 19, according to an embodiment of the present description,

FIG. 21 illustrates a side cross-sectional view of an etch mask patterned on the
second dielectric material of FIG. 20, gccording to an embodiment of the present
description,

10 FIG. 22 illustrates a side cross-sectional view of a conlact opening formed through
the first and second diclectric matertal layer of FIG. 21, according to an cmbodiment of
the present description.

FIG, 23 illustrates a side cross-sectional view of the structure of FIG. 22 after the
removal of the etch mask, according to an embodiment of the present description,

FIG. 24 illustrates a side cross-sactional view of a conductive contact material

it
(9%

deposited in the contact opening of FIG. 23, according to an embodiment of the present

deseription.
FIG. 28 illustrates a side cross-sectional view of the structure of FIG. 24 after the
removal of the excess conductive contact material to form a source/drain contact,
20 according to an embodiment of the present description.

DETAILED DESCRIPTION

in the following detailed description, reference is made to the accompanying

drawings that show, by way of illustration, specific erabodiments in which the chsimed
subject matter may be practiced. These embodiments are described in sufficient detail to

25 enable those skilled in the art to practice the subject matter. 1t is to be understood that the
various embodiments, although different, are not necessarvily mutoally exclusive., For
example, a particular feature, structure, or characteristic described herein, in connection
with one emvbodiment, may be moplemented within other embodimnents without departing
from the spirit and scope of the claimed subject matter. Reforences within this

30 specification to “one ecmbodiment” or “an embodiment”™ mean that a particular feature,
structure, or characteristic described in connection with the embodiment is included in at
least one implementation encompassed within the present invention. Therefore, the use of
the phrage “one embodiment™ or “in an embodiment” does not necessanly refer to the
same embodiment.  In addition, it is to be understood that the Jocation or arrangement of

-3
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individual clements within each disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The following detatied description
is, therefore, not to be taken in a limiting sense, and the scope of the subject matter is
defined only by the appended claims, appropriately interpreted, along with the full range
of equivalents to which the appended claims are entitled. In the drawings, like numerals
refer to the same or similar elersents or functionality throughout the several views, and
that clements depicted therein are not necessarily o scale with one another, rather
mdividual elements may be enlarged or reduced i order to more easily comprehend the
cloments in the context of the present description.

In the fabrication of non~planar transistors, such as tri-gate transistors and
FinFETs, non-planar seraicondactor bodies may be used to form transistors capable of full
depletion with very small gate lengths {c.g., less than about 30 nm). These semiconductor
bodics arc gencrally fin-shaped and are, thus, generally reforred to as transistor “fins™.

For example in a tri-gate transistor, the transistor fins have a top surface and two opposing
sidewslls formed on a bulk semiconductor substrate or a stlicon~on~insulstor substrate, A
gate diclectric may be formed on the top surface and sidewalls of the semiconductor body
and a gate electrode may be formed over the gate dicleciric on the top surface of the
semiconductor bady and adjacent to the gate diclectric on the sidewalls of the
semiconductor body. Thus, since the gate dielectric and the gate slectrode are adjacent to
three surfaces of the semiconductar body, three separate channels and gates are formed.
Ay there are three separate channels formed, the semiconductor body can be fully depleted
when the transistor is turned on. With regard to finFET transistors, the gate material and
the electrode only contact the sidewalls of the semiconductor body, such that two separate
channels are formed (rather than three in fri-gate transistors).

Embodiments of the present description relate to the formation of microclectronic

-ansistors, wherein the transistor inchudes a recessed gate electrode capped by a
substantially void-free diclectric capping dielectric structure which may be formed with a
high density plasina process. Although embodiments herein are described in terms of non-
planar transistors and replacement gate techniques, the subject matter 15 not so limited, as
the subject matter may be used in planar transistors and in non-replacement gate
applications.

FIG. 1 is a perspective view of a non-planar transistor 100, including at least one
gate formed on at least one transistor fin, which are formed on a microclecironic substrate
102, In an embodiment of the present disclosure, the microclectronic substrate 102 may

e
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be a monocrystalline silicon substrate. The microelectronic substrate 102 may also be
other types of substrates, such as silicon-on-insulator (“SO™), genpanium, gallivm
arsenide, indiam antimonide, lead telleide, indium arsenide, indium phosphude, gallium

arsenide, gallivum antimonide, and the like, any of which may be combined with silicon.

191

The non-planar transistor, shown as a {ri-gate transistor, may include at least one
non~planar transistor fin 112, The nou-planar transistor fin 112 may have a top surface
P14 and a pair of laterally opposite sidewalls, stdewall 116 and opposing sidewalt 118,
respectively.

As further shown in FIG. 1, at least one non-planar transistor gate 122 may be
10 formed over the non-planar transistor fin 112, The non-planar transistor gate 122 may be
fabricated by forming a gate diclectric layer 124 on or adjacent to the non-planar transistor
fin fop surface 114 and on or adjacent to the non-planar transistor fin sidewall 116 and the
opposing non-planar transistor fin sidewall 118, A gate clectrode 126 may be formed on

or adjacent the gate diclectric layer 124, In one embodiment of the present disclosure, the

it
(9%

non-planar transistor fin 112 may ran in a direction substantially perpendicular to the non-~
planar transistor gate 122,
The gate diclectric layer 124 may be formed from any well-known gate diclectric
niaterial, including but not limited to silicon dioxide (S10;), silicon oxynitride {SION},
silicon nitride (SiiN4), and high-k diclectric materials such as hafhium oxide, hafaium
20 silicon oxide, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide, zirconium
silicon oxide, tantalum oxide, titanium oxide, bariwm strontivm titanium oxide, barium
titanium oxide, strontium titanium oxide, vtrium oxide, aluminuwm oxide, lead scandium
tantalum oxide, and lead zinc niobate. The gate diclectric layer 124 can be formed by
well-known techniques, such as by conformally depositing a gate diclectric material and

25 then patterning the gate diclectric material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art,

The gate clectrode 126 can be formed of any suitable gate clectrode matenial. Inan
crubodiment of the present disclosure, the gate clectrode 126 may be formed from
materials that include, but are not Hmited to, polysilicon, tungsten, ruthenium, paliadium,

30 platinum, cobalt, nickel, hafnium, zirconium, titanium, tantalum, sluminum, taniom
carbide, zircontum carbide, tantatom carbide, hafniom carbide, sluminum carbide, other
metal carbides, metal nifrides, and metal oxides. The gate electrode 126 can be formed by

well-known techniques, such as by blanket depositing a gate clectrode material and then
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patterning the gate electrode material with well-known photolithography and cieling
techniques, as will be understood to those skilled in the wrt.

A source region and a drain region (not shown in FIG. 1) may be formed in the
non-planar transistor fin 112 on opposite sides of the gate clectrode 126, Inone
embodiment, the source and drain regions may be formed by doping the non-planar
transistor fing 112, ag will be understood to those skilled in the art, Tn another
embodiment, the source and drain regions may be formed by removing potions of the non-
planar transistor fins 112 and replacing these portions with appropriate material(s) to form
the source and drain regions, as will be understood to those skitled in the art,

FlGs, 2-26 illastrate side eross-sectional view of one embodiment of fabricating a
non-planar transistor, wherein FIGs, 2-5 are views along arrows A-A and B-B of FIG. 1,
F1Gs. 6-15 are views along arrows A-A of FIG. 1, and FHG. 16-26 are views along arrows
C-C of FIG. 1.

As shown in FIG. 2, the non-planar transistor fin 112 may be formed by etching
the microelectronic substrate 102 or by forming the non-planar transistor fin 112 on the
microctectronic substrate 102 by any technique known i the art. As illustrate 10 FI1G. 3, =
sacrificial material 132 may be deposited over the non-planar transistor fin 112, as shown
in FIG. 3, and g trench 134 may be formed in the sacrificial material 132 to exposc a
potion of the non-planar transistor fin 112, as shown in FIG. 4, The sacrificial materisl
132 may be any appropriate material known in the art, and the treach 134 may be formed
by any technique known in the art, including but not limited to lithographic masking and
etching.

As shown in FIG., 5, a sucrificial gate 1306 may be formed in the trench 134 {see
FIG. 4). The sacrificial gate 136 may be any appropriate material, such as a polysilicon
muaterial and the like, and may be deposited in the trench 134 {see FIG. 4) by any
technigue kaown in the art, inchsding but not Himited to chendeal vapor deposition
OV and physical vapor deposition ("PVD™).

As shown in FIG. 6, the sacrificial material 132 of FIG. 5 may be removed to
expose the sacrificial gate 136 by any technique known in the art, such as selectively
etching the sacrificial material 132, As shown in FIG. 7, a conformal diclectric layer 142
may be deposited over the sacrificial gate 136 and microclectronie substrate 102, The
conformal dielectric layer 142 may be any appropriate material, inclading but not imited
to silicon nitride (SizNy) and silicon carbide (51C), and may be formed by any appropriate
technigue including but not Hmited to atomic layer deposition (PTALD™).

-(?1...
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As shown in FIG, 8§, the conformal dielectric layer 142 of FIG, 7 may be etched,
such as by directional etch with an appropriate etchant, fo form a pair of gate spacers 144
on sidewalls 146 of the sacrificial gate 136, while substantially removing the conformal
dielectric material laver 142 adjacent the microclectronic substrate 102 and a top surface
148 of the sacrificial gate 136, It ts undersiood that fin spacers {not shown) may be
simultaneousty formed on sidewalls 116 and 118 (see FHG. 1) of the non-planar transistor
fin 112 during the formation of the gate spacers 144,

As shown in FIG. 9, a source vegion 1302 and 4 drain region 1530b may be formed
on cither side of the gate spacers 144, In one emsbodiment, the source region 150a and the
drain region 130b may be formed in the non-planar transistor fin 112 with the implantation
of dopants. As will be uaderstood to those skilled in that art, dopant implantation is a
process of introducing hmpuritics into semiconducting materials for the purpose changing
its conductivity and clectronic propertics. This is generally achieved by ion implantation
of cither P-tvpe ions {¢.2. boron) or N-type ions {o.g. phosphorus), collectively referred to
as “dopants”. In another embodiment, portions of the non-plasar transisior fin 112 may be
removed by any technigue known in the art, such as elching, and the source region 150a
and a drain regton 150b may be formed in place of the removed portions. The source
region 1 50a and the dram region will heremafter be referred to collectively as
“source/drain region 1307,

As shown in FIG. 10, a first dielectric material fayer 132 may be deposited over the
cate spacers 144, the sacrificial gate top surface 148, the non-planar transistor fin 112, and
the microelectronic substrate 102, The first diclectric material layer 152 may be
planarizing to cxpose the sacrificial gate top surface 148, as shown in FIG. 11, The
planarization of the first diclectric material layer 152 may be achicved by any technigue
known in the art, including but not limited to chemical mechanical polishing (CMP).

As shown in FIG. 12, the sacrificial gate 136 of FIG. 11 may be removed to forma
gate trench 154, The sacrificial gate 136 may be removed by any technigue known in the
art, such ag a selective etch, As shown in FIG. 13, the gate diclectric layer 124, as also
iustrated in FIG. 1, may be formed to abut the non-planar transistor fin 112, as previously
discuysed.

As shown in FIG. 14, a conductive gate material 156 may be deposited in the gate
trench 134, and excess conductive gate material 136 {e.g. conductive gate material 156 not
within the gate trench 154 of FIG. 12} may be ramoved to from the non-planar transistor
gate electrode 126 {see also FIG. 1), as shown m FIG. 15, The materials and methods of

~7-
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forming the gate eloctrode 126 have been previously discussed, The removal of the excess
conductive gate material 156 may be achieved by any technique known in the art,
including but not Hoited to chemical mechanical polishing (CMP), ctching, and the hke.

As shown in FEG. 16, a portion of the non-planar transistor gate glectrode 126 may
be removed to form s recess 15X and a recessed non-planar transistor gate 162, The
removal may be accomplished by any known technigue, incloding but not lmited o wet
or dry etching.

As shown in FIG. 17, a capping diclectric material 164 may be deposited to fill the
recess 158 of FIG. 16, The capping diclectric material 164 may be any appropriate
material, including but not Himited to sitlicon nitride (SN} and sthicon carbide {(31,0,).
Heowever, known processes for depositing diclectrics, such as plasma enhanced chemical
vapor deposition, may not be capable of filing recesses 138 that have lgh aspect ratios
{hcight to width ratio) and may result in voids forming in the capping diclectric material
164, Such veids may result in contact-to-gate short cireuits, as will be discussed. To
prevent voids from forming, high temperature deposition techniques (e.g. greater than
400°C) may be employed. However, high temperature deposition may affect the work
function of the non-planar transistor gate clectrode 126, as will be understood by those
skilled in the art. Furthermore, high temperature deposition may result i dopant
movement or deactivation in the source/drain regions 150,

FIG. 18 is a flow diagram of a high density plasma (HDP) dielectric deposition
pracess 200 for forming substantially void frec capping diclectric matorial 164 (sce FIG.
173 within a lugh aspect ratio recesses 158 (sce FIG. 17). As defined in block 210, walls
of a high density plasma chamber may be couated with a desired diclectric film, 1e. the
diclectric to be deposited. As defined in block 220, a microelectronic substrate, such as a
silicon wafer, may be placed on a chuck in the high density plasms chamber., Inone
emibodiment, the chuck may be a water-cooled coramic electrostatic chuck at room
temperatare, e abont 75°C. As defined in block 230, the high density plasma chamber
oy be pressurized with an inert gas, such as argou. In one embodiment, the lugh density
plasma chamber may be pressure to a pressure greater than sbout 40 mTorr to strike s
sustainable low power radio frequency (RF) plasma. As defined in block 240, R¥
electrodes within the high density plasma chamber may be powered up while introducing
at feast one reactive gas into the high density plasma chamber. In one embodiment, cach
of the RF clectrodes, such as top and side electrodes, may be powered up to a range
between about 2EV and 8kV for a time duration between about 30 and 68 scconds. The

.
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rouctive gas may include, but is not imited to oxygen, nitrogen, and the like. The
microelectronic substrate temperature can be modulated between less than about 300°C
and 600°C by adjusting the temperature of the chuck. It is understood that the time
duration, microelectronic substrate tomperature, RF power, and reactive gas mixture may
be adjusted for o desired deposttion result. As defined in block 230, the deposition gas
may be introduced 1o the high density plasma chamber while powering a bias RF
clectrode. In one embodiment, a deposition gas comprising silane {81H4), nitrogen (No),
argon (Ar), and helium (He) may be ased to deposit a silicon nitride dicleciric. In another
embeodiment, a deposition gas comprising silane (SiHs), methane (CHa), argon (Ar}, and
heltum {He) may be used to deposit a silicon carbide diclectric. The RF electrode may be
power to a range between about 3KV and SkV with a bias RY electrode ranging from about
TRV and 3RV, The ratio of the mitrogen gas volume to the silane gas volume for silicon
nitride deposition and ratio of the methane gas volume to the silane gas volume may be
between about 0.5 and 9, depending on the desired properties of the diclectric layer, while
the silane gas flow is kept between about 30 and 70 scoem. Under these conditions, the
deposition rate may be in a range between about 7 to 30 Angstroms per second. Bt is
understood that the deposition durstion may be caleulated based on the destred dielectrie
layer thickness and deposition rate.  As defined in block 260, the deposition process 1
discontinued by discontinuing the introduction of deposition gas into the high density
plasma deposition chamber and discontinuing power to the bias RF. The power to the RF
cleetrodes may be ramped down and clectrostatic charges are dissipated off of the
microciectronic substrate, so that the microclectronic substrate can be removed from the
clectrostatic chuck. After removal the high density plasma chamber may be cleaned, such
as by a remote plasma unit, and the walls of the high density plasma chamber may be
recoated with a desired dielectric film,

The above-desceribed process may resolt in simultancous deposition and sputtering
of the dielectric layer, wherein an appropriate deposition fo sputtering ratio may result in a
substantially void-free diclectric layer.

After deposition, the capping dicleetric material 164 may be planarized to remove
excess capping diclectric material 164 {o.g. capping dielectric material 164 not within the
recess of FIG. 16) to form a capping dickeciric structure 166 on the recessed non~planar
transistor gate 162 and between a gate spacers 144, as shown m FIG, 19, The removal of

the exeess capping dicleciric material 164 may be achueved by any techmgue konown in the
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art, incloding but not hmited to chemical mechamical pohishing (CMPY, etching, and the
like,

As shown in FIG. 20, a second diclectric material layer 168 may be deposited over
the first diclectric material layer 152, the gate spacers 144, and the capping diclectric
structure 166, The sccond diclectric material layer 168 may be formed frony any
appropriate diclectric material, inclading but not limited to silicon dioxide (5i0y), silicon
oxynitride ($10;N,), and siltcon nitride (Si:Ny), by any known deposition techmigue. As
shown in FIG. 21, an etch mask 172 may be patterned with at least one opening 174 on the
second diclectric material fayer 168, such as by well known lithographic techniques.

As shown in FIG. 22, a contact opening 182 may be formed through the first
diclectric material ayer 152 and the sccond diclectric materiad layer 168 by ctehing
through the etch mask opening 174 of FIG. 21 to expose a portion of the source/drain
region 150, The ctch mask 172 of FIG. 22 may be romoved thercafter, as shown in
FIG. 23, In one embodiment, the first diclectric material layer 152 and the dislectric
material layer 168 differs from dielectric material of both the gate spacers 144 and the
capping diclectric structure 166, such that the etohing of the first diclectric material layer
152 and the second dielectric fayer 168 may be selective to the gate spacers 144 and the
capping diclectrie structure 166 {L.e. etches faster). This s known 1 the art 48 a self-
aligning.

As shown in FIG. 24, a conductive contact material 188 may be deposited in the
contact opening 182 of FIG, 23, The conductive contact material 188 may include, but is
not limited to, polysilicon, tungsten, ruthenium, palladium, platinum, cobalt, nickel,
hafnium, zirconium, titantum, tantalum, alumingm, ttanium carbide, zirconium carbide,
tantalum carbide, hafnium carbide, aluminum carbide, other metal carbides, motal niwides,
and metal oxides. It is understood that various adhesion layers, barrier lavers, silicide
layers, andfor conductive layers may be conformally disposed or formed i the contact
opening 182 of FIG. 23 prioy to the deposition of the conductive contact material 18R,

As shown in FIG. 235, excess conductive contact material 188 of FIG. 24 (e.g.
conductive contact material 188 not within the contact opening 182 of FIG. 12) may be
removed to form a source/drain contact 190, The removal of the excess conductive
contact material 188 may be achieved by any technigue konown in the art, including but not
limited to chemical mechanical polishing (CMP), etching, and the like,

As previously discussed, 1o one cmbodimen, the fivst diclectric material layer 152
and the dielectric material layer 168 differs from dielectric material of both the gate

~10-
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spacers 144 and the capping diclectric structure 166, such that the etching of the first
diclectric material layer 132 and the sccond dielectric layer 168 may be selective to the
gate spacers 144 and the capping dielectrie structure 166 (i.e. etches faster). Thus, the
recessed non-planar transistor 162 is protected during the formation of the contact opening
182, This allows for the formation of a relatively large sized source/drain contact 194,
which may increase the transistor drive carront performance, without the risk of shorting
between the source/drain contact 190 and the recessed non-planar transistor gate 162,
This 1s not possible if voids exist in the capping dielectric structure 144, as the voids
would increase the likelthood of shorting between the source/drain contact 190 and the
recessed non~planar transistor gate 162,

it is understood that the sebject matter of the present desceription is not necessarily
limited to specitic applications illustrated tn FIGs. 125, 1t is understood that although the
ittustrated cmbodiments are direcied to non-planar applications, the subject matter may be
applied to non-planar transistors and to non-replacement gate applications. Furthermore,
the subject matter may be applied to other microelectronic device fabrication applications,
as will be understood to those skilled in the art.

Having thus described in detail embodiments of the present inveation, i is
anderstood that the mvention defined by the appended claims is not to be limited by
particular details set forth in the gbove description, as many apparent variations thereof are

possible without departing from the spirit or scope thereof.
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CLAIMS
What is claimed is:
1. A transistor gate, comprising:

a pair of gate spacers

5 a recessed gate clectrode disposed between the pair of gate spacers; and
a substantially void free capping dielectric structare disposed adjacent the recessed
gate clectrode and between the pair of gate spacers.
2. The transistor gate of claim 1, wherein the substantially void free capping
diclectrie structure comprises silicon nitride.

16 3. The transistor gate of claim 1, wherein the substantially voad free capping
diclectric structare comprises silicon carbide.

4. The fransistor gate of claim 1, wherein the recessed gate clectrode s a non-planar
gate clectrode.
5. A microglectronic device, comprising:

15 a non-planar transistor gate over a non-planar transistor fin, wherein the non-~planar
transistor gate comprises a gate clectrode recessed between a pair of gate spacers and a
substantially void free capping dielectric structure disposed on the recessed gate electrode
betweon the gate spacers,

4 source/drain region;
20 at least one dielectric material layer over the source/drain region, the non-planar

ransistor gate spacery, and the substantiaily void frec capping diclectric structure; and
a source/drain contact extending through a portion of the at least one diclectric
material fayer to contact the source/drain region.
6. The microelectronic device of claim 5, wherein the substantially void free capping
25 diglectric structure comprises silicon nitride,
7. The microclectronic device of claim 5, wherein the substantially void free capping
diclectric stracture comprises silicon carbide.
K. The microelectronic dovice of claim 5, wherein the source/drain contact abuts at
least a portion of onc non-planar transistor gate spacer.
69 The micreclectronic device of claim 5, wherein the source/drain contact abuts at
least a portion of the capping diclecisic structure.
0. A method of fabricating a transistor gate, comprising:
forming a pair of gate spacers;
forming a gate clectrode disposed between the pair of gate spacers; and

{2
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high deunsity plasma depositing a capping diclectric structure on a top surface of the
recessed gate electrode and between the pair of gate spacers.
[0 The method of ¢laim 10, wherein high density plasma depositing the capping
diclectric structure comprises high density plasma depositing a silicon nitride capping
diclectric structure.
12, The method of claira 10, wherein high density plasma depositing the capping
diclectric structure comprises high density plasma depositing a silicon carbide capping
dielectric structare.
13, The method of claim: 10, wherein high density plasma depositing the capping

diclectric structure comprises high density plasma depositing the capping dielectric

structure at a tomperature between about 300 °C and 600°C.
4. The method of claam 10, wherein forming the gate clectrode comprises formung a

non-planar gate clectrode.
IS, A method comprising:

forming a sacrificial non-planar transistor gate over a non-planar transistor fing

depesiting a diclectric material fayer over the sacoificial non-planar trawsistor gate
and the non-planar transistor fing

forming non-planar transistor gate spacers from a portion of the diclectric material
layer adjacent the sacrificial non-planar transistor gate;

forming a source/drain region;

vemoving the sacrificial non~planar transistor gate 1o form a gate trench between
the non-planar transistor gate spacers and expose a portion of the non-planar transistor fing

forming a gate diclectric adjacent the non-planar trangistor fin within the gate
trench;

depositing conductive gate materigl within the gate trench;

removing a portion of the conductive gate material to form a recess between the
non-plapar transistor gate spacers;

forming a capping diclectric structure within the recess by high density plasma
depositing a diclectric material;

forming at lcast one diclectric material over the source/drain region, the non-planar
transistor gate spacers, and the capping diclectric structure; and

forming s contact opening through the at least one dielectric material to expose at

least a portion of the source/drain region.
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16, The method of claira 13, wherein high density plasima depositing the capping
diclectric structure comnprises high density plasma depositing a silicon nitride capping
dielectrie structure.

17 The method of claim 15, wherein high density plasma depositing the capping

191

dielectric structure comprises high density plasma depositing a silicon carbide capping

dielectric structure,

139 The method of claioy 15, wherein high density plasma depositing the capping

diefectrie structure comprises hugh density plasma depositing the capping diclectric

structure at a temperature between about 300 °C and 600°C.

16 19 The method of claim 135, wherein forming a capping diclectrie structure comprises:
high density plasma depositing capping dielectric material within the recess; and
rermnoving excoss capping dieleciric material,

20. The method of claim 15, whorein forming a contact opening through the dicleotric

material to expose at least a portion of the source/drain region further comprises forming a

it
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contact opening through the dielectric material which exposes at feast a portion of the

source/drain region and at least a portion of one non-planar transistor gale spacer.

21 The method of claim 20, further comprising forming a source/drain contact to abut

the exposed portion of the source/drain region and cxposed portion of the non-planar

transistor gate spacer.

20 22 The method of elaim 15, wherein forming a contact opening through the dielectric
material to expose at least a portion of the source/drain region further comprises forming a
contact opening through the diclectric material which exposes at least ¢ portion of the
sourcefdrain region and at least a portion of the capping diclectric structure,

23. The method of claim 22, further comprising forming a source/drain contact abuts

25 the exposed portion of the source/drain region and the exposed portion of the capping
diefectrie structare.

4. The method of claim 15, wherein forming a contact opening through the diclectric
material to expose at least a portion of the source/drain region further comprises forming a
contact opening through the diclectric material exposes st least a portion of the

30 source/drain region, at least a portion of the non-planar transistor gate spacer, and at fcast a

portion of the capping diclectric structure.

5. The method of claim 24, further comprising forming a source/drain contact o abat

the exposcd portion of the source/drain region, the exposed portion of non-planar gate

spacer, and the exposed portion of the capping dielectric structuge.
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SOURCE/DRAIN CONTACTS FOR NON-PLANAR TRANSISTORS
BACKGROUND

Embodiments of the present deseription generally relate to the ficld of
microclectronic dovice fabrication and, more particularly, to the fabrication of
source/drain contacts within non-planar transistors.

BRIET DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed out and
digtinetly claimed in the concluding portion of the specification. The foregoing and other
features of the present disclosure will become more fully apparent from the following
description and appended claims, taken in conjunction with the accompanying drawings.
It ts anderstood that the accompanying drawings depict only several embodiments in
accordance with the present digelosure and are, thercfore, not to be considered himiting of
its scope. The diselosure will be described with additional specificity and detail through
use of the accompanying drawings, such that the advantages of the present disclosure can
be more readily ascertained, in which:

FIG. 1 ix a perspective view of a non-planar transistor, according to an
embodiment of the present description.

FIG. 2 illustrates a side cross-sectional view of a non-planar transistor fin formed
i or on a microclectronic substrate.

FIG. 3 illustrates a side cross-sectional view of a sacrificial material deposited over
the non-planar traasistor fin of FIG, 2, according to an embodiment of the present
description.

FIG. 4 ilfustrates a side cross-sectional view of a trench formed in the sacrificial
material deposited to expose a portion of the non-planar transistor fin of FIG. 3, according
to an embodinent of the prosent description.

FIG. 5 slustrates a side cross-sectional view of a sacrificial gate formed in the
trench of FIG. 4, according to an embodiment of the present description.

FIG. 6 iltustrates a side cross-sectional view of the sacrificial gate after the
removal of the sacrificial material of FIG, 3, sccording to an embodiment of the present
description.

FIG. 7 ilostrates a side cross-sectional view of a conformal dielectric layer
deposited over the saerificial gate and microclectronic substrate of FIG. 6, according to an

embodiment of the present deseription.
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FIG. 8 illastrates a side cross~-sectional view of gate spacers formed from the
conformal dielectnie layer of FIG. 7, according to an ernbodiment of the present
deseription.

FIG. 9 illustrates a side cross-sectional view of a source region and a drain region

(91

formed in the non-planar transistor fin on either side of the gate spacers of FIG. §,
according to an entbodiment of the present deseription.

FIG. 10 illustrates a side cross-sectional view of a first diclectrie ymaterial deposited
over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the
microelectronic substrate of FIG. 9, according to an embodiment of the present
10 description.

FEG. 11 iHastrates a side cross-sectional view of the structare of FIG. 10 after
planarizing the first diclectric muaterial to expose a top surface of the sacnificial gate,
according to an cmbodiment of the present description.,

FIG. 12 illustrates a side cross-sectional view of the structure of FIG, 11 after the

15 removal of the sacrificial gate to form a gate trench, according to an embodiment of the
present description.

FIG. 13 illustrates a side cross-sectional view of the structure of FI1G, 12 after the
formation of a gate diclectric adjacent the non-planar transistor fin between the gate
spacers, according to an embodiment of the present description.

20 FIG. 14 iHlustrates a side cross-sectional view of a conductive gate material

deposited in the gate trench of FIG. 13, according o an embodiment of the present
description.

FIG. 15 illastrates a side cross~sectional view of the structare of FIG. 14 after the
removal of excess conductive gate material to form a non-planar transistor gate, according

25 to an embodiment of the present description.

FIG. 16 iHusirates a side cross-sectional view of the structare of FIG. 15 after
etching away a portion of the non-planar transistor gate to form a recessed non-planar
transistor gate, according to an embodiment of the present description.

FIG. 17 illustrates a side cross-sectional view of the structure of FIG, 16 after

30 depositing a capping diclectric material into the recess resulting from the formation of the
recessed non-planar transistor gate, according to an ermbodiment of the present deseription.

FIG. 18 illustrates a side eross-sectional view of the structure of FIG. 17 after the
removal of excess capping diclectric material to form a capping strachure on the non-
planar transistor gate, according to an embodiment of the present desceription.

2
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FIG. 19 illustrates a side cross-sectional view of a second dielectric material
deposited over the first dielectric material layver, the gate spacers, and the sacrificial gate
top surface of FIG. 1K, according to an embodiment of the present description.

FIG. 20 dlustrates a side cross-sectional view of an cich mask patterned on the
second diclectric material of FIG. 19, according o an embodiment of the present
description,

FIG. 21 illustrates a side cross-sectional view of a contact opening formed through
the first and sccond dielectric material layer of FIG. 20, according to an embodiment of
the present description.

FIG. 22 ilhustrates a side cross-sectional view of the structure of FIG. 21 after the
removal of the etch mask, according to an embodiment of the present description.

FIG. 23 illustrates a side cross-sectional view of a titantum-containing contact
interface layer formed in the contact opening of FIG. 22, according to an embodiment of
the present deseription.

FIG. 24 illustrates a side cross-sectional view of a titanium silicide mterface
diserctely formed between the titantom-containing contact imerface layer and the
source/drain region which has been formed in the non-planar transistor fin, according to an
embodiment of the present desceription.

FIG. 23 ilbustrates a side cross-sectional view of a condactive contact material
deposited in the contact opening of FIG. 24, according to an embodiment of the present
description.

FIG. 26 illustrates a side cross-sectional view of the structure of FIG, 23 after the
removal of the excess conductive contact material to form a source/drain contact,
according to an ermnbodiment of the present description.

DETAILED DESCRIPTION

in the following detatled description, reference is made to the accompanying
drawings that show, by way of iliustration, specific embodiments in which the clatmed
subject matter may be practiced. These embodiments are described in sufticient detail t©o
cnable those skilled in the art to practice the subjoct matter. It 15 to be understood that the
various embodiments, although different, are not necessarily mutually exclusive, For
example, a particalar feature, structure, or characteristic described herein, in connection
with one embodiment, may be implemented within other embodiments without departing
{from the spint and scope of the claimed subject matter. References within this
speeification to “one embodiment™ or “an embodiment”™ mean that & partionlar feature,

ey
3
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structure, or characteristic described in connection with the embodiment is included in at
least one implermentation encompassed within the present invention. Therefore, the use of
the phrase “one embodiment”™ or i an embodiment™ does not necessanly refer to the
same embodiment.  In addition, it is to be understood that the location or srrangement of
individual elements within cach disclosed embodiment may be modified without departing
from the spirit and scope of the claimed subject matter. The following detailed deseription
is, therefore, not to be taken in a himiting sense, and the scope of the subject matter i
defined only by the appended elsims, appropriately interpreted, slong with the full range
of equivalents to which the appended claims are entitied. In the drawings, like numerals
refior to the same or similar elements or functionality throughout the several views, and
that clements depicted therein are not nocessarily to scale with one another, rather
individoal elements may be enlarged or reduced in order to more casily comprehend the
cloments in the context of the present description.

In the fabrication of non-planar transistors, such as tri-gate transistors and
FmFETS, non-planar semiconductor bodies may be used to form transistors capable of full
depletion with very small gate lengths (e.g., less than about 30 nm}. These semiconductor
bodies are generally fin-shaped and ave, thus, generally referred to as transistor “fins™,

For example in a tri-pate transistor, the transistor fins have a top surface and two opposing
sidewalls formed on a bulk semiconductor substeate or a silicon-on-insulator substrate. A
zate dicleetric may be formed on the top surface and sidewalls of the semiconductor body
and g gate clectrode may be formed over the gate diclectric on the top surface of the
serconductor body and adjacent 1o the gate diclectric on the sidewalls of the
semiconductor body. Thus, since the gate dielectric and the gate electrode are adjacent to
three surfaces of the semiconductor body, three separate channels snd gates are formed,
As there are three soparate channels formed, the semiconducior body can be fully depleted
when the transistor is furned on. With regard to finFET transistors, the gate material and
the electrode only contact the sidewalls of the semiconductor body, such that two separate
channels are formed {rather than three in tri-gate transistors).

Embodiments of the present deseription relate to the formation of source/drain
contacts within non-planar transistors, wherein 4 titanium-containing contact interface
may be used in the formation of the source/drain contact with a discreet titanium silicide
formed between the titanium-~containing interface and a silicon-containing source/drain

structure.
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FIG. 1 is a perspective view of a non-planar transistor 100, wcluding st least one
gate formed on at least one transistor fin, which are formed on @ microelectronic substrate
102, In an embodiment of the prosent disclosure, the microclectronic substrate 102 may
be g monocrystalline silicon substrate, The microelectronic substrate 102 may also be
other types of substrates, such as silicon-on-insulator (“SO”Y, germanium, gatlium
arsenide, indiom antimonide, lead telluride, indium arsemde, indiim phosphide, gallivm
arsenide, galliom antimonide, and the like, any of which may be combined with silicon.

The nou-planar transistor, shown as 8 tri-gate ransstor, may include at least one
non-planar transistor fin 112, The non-planar transistor fin 112 may have & top surface
114 and a pair of laterally opposite sidewalls, sidewall 116 and opposing sidewalt 118,
respectively.

As further shown in FIG. 1, at least one non-planar transistor gate 122 may be
formed over the non-planar transistor fin 112, The non-planar transistor gate 122 may be
fabricated by forming a gate dielectric laver 124 on or adjacent to the non-planar transistor
fin top surface 114 and on or adjacent to the non-planar transistor fin sidewall 116 and the
opposing non-planar {ransistor fin sidewall 118, A gate electrede 126 may be formed on
or adjacent the gate dielectric layer 124, In one embodiment of the present disclosure, the
non-planar transistor fin 112 may run in a direction substantially perpendicular 1o the non-
planar transistor gate 122.

The gate dielectric layver 124 may be formed from any well-known gate diclectric
material, including but not Himited to silicon dioxide (Si0,}, silicon oxynitride (S10.N,),
silicon mitride {StaN4), and high-k dielectric materials such ag hafuium oxide, hafnium
silicon oxide, lanthamupn oxide, lanthanum alumimen oxide, zirconium oxide, zirconium
silicon oxide, tantalum oxide, titantun: oxide, bariumm strontium titaniom oxide, barium
titanium oxide, strontium titaninm oxide, yitviun oxide, aluminum oxide, lead scandium
tantalum oxide, and lead winc niobate. The gate diclectric layer 124 can be formed by
well-known techniques, such as by conformally depositing a gate diclectric matenal and
then patterning the gate dielectric material with well-known photolithography and etching
techniques, as will be understood to those skilled in the art.

The gate clectrode 126 can be formed of any suitable gate electrode material. Inan
embodiment of the present disclosure, the gate electrode 126 may be formed from
materials that include, but are not Hmited to, polysilicon, tungsten, ruthenium, palladinm,
platinum, cobalt, nickel, hatium, zirconium, titanum, tadalom, alominun, titantam
carbide, zirconium carbide, tantalum carbide, hafnium carbide, aluminum carbide, other

5
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metal carbides, metal nitrides, and metal oxides. The gate electrode 126 can be formed by
well-known techuiques, such as by blanket depositing a gate clectrode wuaterial and then
patterning the gate electrode material with well-known photolithography and ciching
techniques, as will be understood to those skilled in the art

A source region and a drain rogion {not shown in FIG. 1) may be formed in the
non~planar transistor fin 112 on opposite sides of the gate electrode 126, Inone
embodiment, the source and drain regions may be formed by doping the non-planar
transistor fing 112, as will be anderstood to those skilled in the art. Ty another
embodiment, the source and drain regions may be formed by removing potions of the non-~
planar transistor fins 112 and replacing these portions with appropriate material(s) to form
the source and drain regions, as will be understood to those skifled in the art.

FiGs. 2-26 illastrate side cross-sectional view of one embodiment of fabricating a
non-planar transistor, wherein FIGs, 2-5 are views along arrows A-A and B-B of FIG. 1,
FIGs. 6-15 are views along arrows A-A of FIG, 1, and FIG. 16-26 are views slong arrows
C-Cof FIG. |

As shown in FIG. 2, the non-planar transistor fin 112 may be formed by ciching
the microelectronic substrate 102 or by forming the non-planar transistor fin 112 on the
microclectronic substrate 102 by any technique known in the art. As iHlustrate in FIG. 3, a
sacrificial material 132 may be deposited over the non-planar transistor fin 112, as shown
in FIG. 3, and 8 trench 134 may be formed in the sacrificial material 132 to exposc a
potion of the non-planar transistor fin 112, as shown in FIG. 4. The sacrificial material
132 may be any appropriate material knowa in the ant, and the trench 134 may be formed
by any technigue known in the art, including but not Hmited to lithographic masking and
ctching.

As shown in FIG, 5, a sacrificial gate 130 may be formed in the trench 134 (see
FIG. 4). The sacrificial gate 136 may be any appropriate material, such as a polysilicon
material and the like, and may be deposited in the trench 134 {see FIG. 4) by any
technique known in the art, including but not fimited to chemical vapor deposition
{OVD™) and physical vapor deposition ("PVD™).

As shown in FIG. 6, the sacrificial material 132 of FIG. 5 may be removed t©
expose the sacrificial gate 136 by any technique known in the art, sach as selectively
ctehing the sacrifictal material 132, As shown in FI1G. 7, a conformal dielectric layer 142
may be deposited over the sacrificial gate 136 and nucroelectronic substrate 102, The
conformal diclectric laver 142 may be any appropriate material, including but not limited

&6
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to silicon nitride (8i:Ny) and siticon carbide (S10), and may be formed by any appropriate
technique including but not Hmited to atomic layer deposition (CALD™),

As shown in FIG. &, the conformal dielectric laver 142 of FIG. 7 may be etched,
such as by directional cteh with an appropriate etchant, o form gate spacers 144 on
sidewalls 146 of the sacrificial gate 136, while substantially removing the conformal
dielectric material layer 142 adjacent the microclectronic substrate 102 and a top surface
14R of the sacrificial gate 136. It is understood that fin spacers (not shown) may be
simultancously formed on sidewalls 116 and 118 (sec FIG. 1) of the non-planar transistor
fin 112 during the formation of the gate spacers 144,

As shown in FIG. 9, a silicon-containing source region 130a and a silicon-
containing drain regron 150b may be formed on either side of the gate spacers 144, In one
embodiment, the silicon-contaiming source region 150a and the silicon-contaning drain
region 150b may be formed in the non-planar transistor fin 112 with the implantation of
dopants. As will be understood to those skilled in that art, dopant implantation is a
process of introducing impuritics into semiconducting materials for the purpose changing
ity conductivity and electromc propertics. This is generally achicved by ion implantation
of cither P-type ions {e.g.boron) or N-type ons {2.g. phosphorus), collectively reforred to
as “dopants™. In another embodiment, portions of the non-planar trangistor fin 112 may he
removed by any technique known in the art, sach as etching, and the silicon-containing
source region 1302 and a silicon-containing drain region 130b may be formed in place of
the removed portions, The silicon-containing source region 1504 and the silicon-
containing drain region will hereinafier be referred to collectively as “silicon-containing
source/drain region 1507

As shown in FIG. 10, a first diclectric material laver 132 may be deposited over the
gate spacers 144, the sacrificial gate top surface 148, the non-planar transistor fin 112, and
the microclectronic substrate 102, The first dielectric material layer 152 may be
planarizing to expose the sacrificial gate top surface 148, as shown in FIG. 11, The
planarization of the first dielectric material laver 152 may be achieved by any technigoe
known in the art, including but not limited to chomicsl mechanical polishing (CMP).

As shown in FIG, 12, the sacrificial gate 136 of FIG. 11 may be removed to form a
gate trench 154, The sacrificial gate 136 may be removed by any technique known in the
art, such as a selective etch. Ax shown in FEG. 13, the gafe dielectric layer 124, as also
tHustrated in FIG. 1, may be formed to abut the non~planar transistor fin 112, as previously

discussed,
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As shownt in FIG, 14, a conductive gate material 156 may be deposited in the gaie
trench 1354, and excess conductive gate material 136 (e.g. conductive gate material 156 not
within the gate trench 154 of FIG. 12} may be removed to from the non-planar transistor
gate clectrode 126 (seo also FIG. 1), as shown in FIG. 15, The materials and methods of
forming the gate clectrode 126 have been previously discussed. The removal of the excess
condactive gate material 156 may be achieved by any technique known in the art,
imcluding but not limited to chemical mechantcal polishing (CMP), etching, and the lke.

As shown in FIG, 16, a portion of the non-planar transistor gate clectrode 126 may
be removed to form a recess 138 and a recessed non~planar transistor gate 162, The
removal may be accomplished by any known technique, incheding but not Hmited to wet
or dry ciching. As shown in FIG. 17, a capping diclectric material 164 may be deposited
to il the recess 1538 of FIG. 16, The capping dielectric material 164 may be any
appropriate material, including but not Hmited to silicon nitride (Si:N4) and silicon carbide
{SiC), and may be formed by any appropriate deposition technique. The capping diclectric
material 164 may be planarized to remove excess capping diclectric material 164 {e.g.
capping dielectric material 164 pot within the recess of FIG. 16) to frons a capping
structure 166 on the recessed non-planar transistor gate 162 and between a gate spacers
144, ax shown in FIG. 18, The removal of the excess capping diclectric material 164 may
be achieved by any technigue known in the art, including but not Hmited to chemical
mechanical polishing (CMP), etehing, and the like.

As shown in FIG. 19, g second diclectric material laver 168 may be deposited over
the first dielectric material layer 132, the gate spacers 144, and the capping strocture 166,
The second diclectric material layer 168 may be formed from any appropriate dielectric
material, including but not hmited to stlicon dioxide {8103, silicon oxynitride (SION,),
and silicon nitride (SizNy), by any known deposition technique, As shown in FIG. 20, an
eteh mask 172 may be patterned with at least one opening 174 on the second dicleciric
material layer 168, such as by well known lithographic techniques.

As shown in FIG, 21, a contact opening 182 may be formed through the first
diclectric material tayer 152 and the sceond diclectric material layer 168 by ctching
through the ctch mask opening 174 of FIG. 20 to expose a portion of the source/drain
region 150, The etch mask 172 of FIG. 21 may be removed thereafter, as shown in
FIG. 22, 1o one embodiment, the first dielectric material layer 132 and the dielectrie
material layer 168 differs from dielectric material of both the gate spacers 144 and the
capping structure 166, such that the ctching of the first diclectric material layer 152 and

8
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the sccond diclectric layer 168 may boe selective to the gate spacers 144 and the capping
structure 166 (i.c. etches faster). This is known in the art ag g self-aligning.

As shown in FIG, 23, a titanium-containing contact interface laver 184 may be
conformally deposited in the contact opening 182 to abut the exposed portion of the
source/drain region 130, wherein the titantum-containing contact interface layer 184 acts
as the primary work-function metal, as will be understood to those skilled in the art. In
one erabodiment, the titantum-containing contact interface laver 184 comprises
substantially pure titanium, The titantum-containing contact interface layer 184 may be
formed by atomic layer deposition.

As shown in FIG. 24, a titanium silicide interface 186 may be discretely formed
between the silicon-containing source/drain region 1534 and the titanium-containing
contact wterface layer 184, such as by heating the stracture of FIG, 23, The term
“discretely” is defined to mean that titamium silicide is formed substantially oaly between
the titantum-containing contact interface layer 184 and the silicon-containing source/drain
region 150, The formation of the titanium stlicide interface 186 may result in a low
resistive contact, a8 will be understood to those skilled in the art.

As shown i FIG. 23, a condoctive contact msterial 188 may be deposited in the
contact opening 182 of FIG. 24 to reside approximate the titantum-containing contact
interface layer 184, In one ermnbodiment, the conductive contact material 188 may bea
rungsten-containing conductive material. In another embodiment, the conductive contact
material 188 may be substantially pure tungsten,

As shown in FIG. 26, excess conductive contact material 188 of FIG. 25 {e.p.
conductive contact material 188 not within the contact opening 182 of FIG. 12) to form a
source/drain contact 190, The removal of the exeess conductive contact material 188 may
be achicved by any technique known in the art, inchuding but not Hmited to chemical
mechanical polishing (CMP), etching, and the hke.

As previousty discussed, in one embodiment, the first diclectric matertal layer 152
and the dielectric material layer 168 differs from dielectric material of both the gate
spacers 144 and the capping structure 166, such that the ctching of the first dielectric
material layer 152 and the sccond diclectric layer 168 may be selective to the gate spacers
144 and the capping structure 166 (i.e. ctches faster). Thus, the recessed non-planar
transistar 162 is protected during the formation of the contact opening 182, This allows

for the formation of a relatively large sized source/drain contact 190, which may Increase

9
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the transistor drive current performance, withoot the risk of shorting between the
source/drain contact 1990 and the recessed non-planar transistor gate 162,

The use of the titamum-containing contact interface faver 184 may climinate the
conventional use of fully silicided nickel-containing contact interface layers, such nickel
silicide and platinum nickel silicide. Nickel is a highly mobile clement which tends to
rapidly diffuse outside of an intended comtact area. Such diffusion may result in
source/drain shorts, us will be understood to those skilled in the art. Further, the use of the
titaniwm-containing contsct interface layer 184 may eliminate the need for a silicide pre-
clean step, which may reduce the chanee of having shorting between source/drain contact
180 and the recessed non-planar transistor gate 162, s proviously discussed, as such a pre-
clean step may romove material from the capping structare 166 andfor the gate spacers
{44,

1t is understood that the subject matter of the present description is not necessarily
limited to specific applications llustrated in F1Gs. 1-26. The subject matter may be
applied to other microelectronic device fabrication applications, as will be understood to
those skilled in the art.

Having thus described in detail embodiments of the present inveution, s
understond that the invention defined by the appended claims is not to he limited by
particular details sot forth in the above description, as many apparent variations thercof are

possible without departing from the spirit or scope thereof.

10
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CLAIMS
What ts claimed is:
i A microelectronic device, comprising:

a silicon-containing source/drain rogion;

a source/drain contact adjacent the silicon~containing source/drain region, wherein
the source/dran contact comprises a conductive contact material and a titanium-~containing
contact interface layer disposed between conduactive contact material and the silicon-
containing scurce/drain regiow; and

a titanfum silicide interface disposed botween the silicon-containing source/drain
region and the titaninvm-containing contact interface layer.

2. The microclectronic device of claim 1, wherein the tHanium-containing contact
interface layer comprises substantially poare Gtantum,

3. The microclectronic device of claim |, wherein the conductive contact material
comprises tungsten.

4, The microelcctronic device of claim 1, wherein the titanium silicade interface
resides substantially only between the silicon-containing sowrce/drain region and the
tlamum-containing contact interface layer.

5. A microclectronic device, comprising:

a non-planar transistor gate over a non-planar transigtor fin, wherein the non-planar
transistor gate comprises # gate electrade recessed between gate spacers and a capping
structure disposed on the recessed gate clectrode between the gate spacers,

a silicon-contaimng source/drain region;

at least one diclectric material laver over the source/drain region, the non-planar
transistor gate spacers, and the capping structure;

a source/drain contact extending through a portion of the at teast one diclectric
material layer and comprising a conductive contact material and a titanium-contaming
contact interface layer disposed between conductive contact material and the silicon-
containing source/drain region; and

a titantum silicide imerface disposed between the stlicon-containing source/drain
region and the titanium-containing contact interface layer.

6. The microelectronic device of claim 3, wherein the tifanium-containing contact
interface layer comprises substantially puore titantum.

7. The microelectronic device of claim 3, wherein the conductive contact material
comprises tungsien.

11
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K. The microelectronic device of claim 5, wherein the titantiam silicide interface
resides substantially only between the silicon-containing sowrceddrain region and the
titaniur-containing contact interface layer.
9. The microclectronic dovice of claim 35, whersin the titaniun-containing contact
interface layer abuts at least g portion of one non-planar transistor gate spacer.
10, The microclectronic device of claim 9, wherein the tHamum-containing contact
mterface layer abuts at least a portion of the capping structure.
11, A method of fubricating a microclectronic device, comprising:

forming a silicon~containing source/drain region;

forming a dielectric material over the silicon-containing source/drain region;

forming a contact opening through the diclectric material to expose a portion of the
source/drain region;

conformally depositing a titaniwm-containing contact interface layer within the
contact opening to abut the stlicon-containing source/drain region;

depositing a conductive contact material within the contact opening to abut the
titaniume-containing contact interface layer; and

forming a titanium silicide interface between the stlicon-containing source/deain
region and the titanium-containing contact interface layer.
12 The method of claim 1, wherein conformally depositing the titanium-containing
contact interface layer comprises depositing a substantially pure titanium contact interface
fayer,
i3. The method of claim H, wherein depositing a conductive contact material within
the contact opening comprises depositing tungsten within the contact opening.
i4. The method of claim 1, wherein forming the titanium silicide interface between
the silicon-containing source/drain region and the titanium-containing contact interface
taver comprises forming the titantom silicide interface between the silicon~containing
source/drain region and the titanium-confaining contact interface layer by heating the
silicon-containing source/drain region and the titantum-containing contact interface layer.
5. The method of claim 1, wherein forming the titanium silicide interface comprises
forming the titanfum silicide substantislly only between the silicon-containing
source/drain region and the tteniom-containing contact interface kayer.
6. A method comprising:

forming a sacrificial non-planar transistor gate over a non-planar transistor fin;
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depositing a diclectric material layver over the sacrificial non-planar transistor gate
and the non-~planar transistor fing

forming non-planar trangistor gate spacers from a portion of the dielectric material
layer adjacent the sacrificial non-planar transistor gate;

forming a source/drain region;

removing the sacrificial non-planar transistor gate to form a gate trench between
the non-planar transistor gate spacers and expose a portion of the non-planar transistor fing

forming a gate diclectric adjscent the non-planar transistor fin within the gate
trenchs

depositing conductive gate material within the gate trench

forming a capping structure within the recess;

forming at least one dielectric material over the source/drain region, the non-planar
ransistor gate spacers, and the capping structure;

fornung a contact opening through the at least one diclectric material 1o expose at
least a portion of the source/drain region;

conformally depositing & itaniiam-containing contact interfece layer within the
contact opening 0 abui the silicon-contaiming source/drain region;

depositing a conductive contact material within the contact opening to abut the
titanium-containing contact interface layer; and

forming a titanmium silicide interface between the silicon-containing souwrce/drain
region and the titaniwm-containing contact interface layer.
i7. The method of claim 16, wherein conformally deposting the titaniumn-containing
contact interface layer comprises conformally depositing a substantially pure titanium
contact interface layer.
18, The method of claim 16, wherein depositing a conductive contact material within
the contact opening comprises depositing tungsten within the contact opening.
19, The method of claim 16, wherein forming the titanium silieide interface between
the silicon-containing source/drain region and the titanium-containing conlact interface
layer comprises forming the titanium silicide interface between the siticon-containing
source/drain region and the titanium-containing contact interface layer by heating the
silicon-containing source/drain region and the titanium-containing contact interface layer.
20. The method of claim 16, wherein forming the titanium silicide interface comprises
forming the tifaniom silicide substantialy only between the silicon-containing
source/drain region and the titanium-containing contact interface aver,

13
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21, The method of claim 16, wherein forming a contact opening through the diclectric
material to expose at least a portion of the source/drain region further comprises forming a
contact opening through the diclectric material to expose a portion of the source/drain

region and at least a portion of one non-planar transistor gate spacer,

191

22 The method of elaim 21, wherein the forming the ttanium-containing contact
interface laver further comprises forming the titanium-containing contact interface layver to
abut at least & portion of one non-planar transistor gate spacer.

23, The method of claim 16, wherein forming a contact opening through the diclectric
material to expose at least a portion of the source/drain region further comprises forming a
10 contact opening through the diclectric maierial to expose a portion of the source/drain
region and at least a portion of the capping structure,

24, The nmiethod of claim 23, wherein the forming the fitanium-containing contact
interface laver further comprises forming the titanium-containing contact interface layer o

abut at least a portion of the capping structure.

it
(9%
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INTERLAYER DIELECTRIC FOR NON-PLANAR TRANSISTORS

BACKOROUND

3 Embodiments of the present description genarally relate to the field of miicroclectronic
deviee fabwication and, more particulady, o the fabrication of a first level interfayer dielectric

material faver in a non-planar frapsistor,

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly pointed ouwt and distinetly
10 claimaed i the concluding portion of the specification. The forsgoing and other features of the
present disclosure will become more Rudly apparent from the following deseription and appended
¢latms, taken in conjunction with the accompanying drawings, 1t is understood that the
accompanying drawings depict only several embodimenis in accordance with the present

disclosury and are, therefore, not 1o be considered Hotiting of its scope. The disclosure witl be

et
n

deseribed with additional specificity and detatl through use of the sccompanying drawings, such

that the advantages of the present disclosure can be more readily axcertained, in which:

FIG. 1 15 a perspective view of a non-planar transistor, according to an embodiment of the

presont description.

FIG. 2 ilhustrates side cross-sectional views of a non-plapar trangistor fin formed inoron a

20 microsiectronic substrate.,

FIG. 3 ilbustrates side cross-sectional vicws of a sacrificial material deposited over the non-

planar transistor fin of FIG. 2, according to an embodiment of the present deseription.

FIG. 4 llustrates side cross-sectional views of & trench formed in the sacrificial material
deposited to expose & portion of the noneplanar transistor fin o FIG. 3, according to an

25 embodiment of the present deseription.

FIG. 3 illustrates side cross-secuonal views of 8 sacrificial gate formed in the trench of

FIG. 4, according to an embodiment of the present desceription.

FIG. 6 illusirates a side cross-sectional view of the sacrificial gate after the removal of the

sacrificial material of FIG. 3, according o an embodiment of the present description.

SUBSTITUTE SHEET (RULE 28)
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FIG. 7 ilfustrates 4 side cross-sectional view of a conformal diclectric laver depostted over
the sacrificial gate and microelectronio substrate of FIG. 6, according to an embodiment of the

present desceiption,

FIG. ¥ illusirates a stde cross-soctional view of gate spacars formed from the conforemal

N

dicloctric lwver of FIG. 7, according to an erabodiment of the present description.

FEG. 9 Ulastrates 4 side oross-sactional view ol a source region and & drain region fovmed
in the now-planar transistor fin on cither side of the gate spacers of FIG. &, according to an

embodiment of the present deseription.

FIG, 1 itlustrates 8 side cross-sectional view of an adhesion laver formed on the structure

i of FIG. 9, according to an embodiment of the present description.

FiG. 17 illustrates a side cross-sectional view of a fivst interlayer dielectric material layer
deposited over the gate spacers, the sacrificial gate, the non-planar transistor fin, and the

microclectromic substrate of FIG. 10, according fo an embodiment of the presont description.

FIG, 12 illustrates 8 side cross-sectional view of the first interlayer diclectric material layer

15 of FIG. 11 being oxidized and annealed, according to an embodiment of the present description.

FIG. 13 illustrates a side cross-section view of the structure of FIG. 12 wherein a portion of
the fest interlayer diclecirie material layer s densified by the oxidization and snneating of FiG.

13, according to an embodimant of the present deseription.

FIG. 14 illustrates 8 side cross-sectional view of the structurs of FIG. 13 after planarizing
20 the At ioterlayer dieleetric waterial layver to expose a top surface of the sacrificial gate,

sccording to an cmbodiment of the present descripiion.

FRG. 15 illustrates a stde oross-sectional view of the srructure of FIG . 14 after the removal
of the sacrificial gate to fonm a gate tronch, according to an embodiment of the prosest

description.

FIG. 16 illustrates 8 side cross-sectional view of the structure of FIG. 13 after the

o]
W

formation of & gate dicleeic adjscent the non-planar transistor fin between the gate spacers,

according to an entbodintent of the present deseription.
FIG. 17 illustrates & side cross-sectional view of a conductive gate material deposited in
the gate trench of TIG. 16, according to an embodiment of the present deseription.

2

SUBSTITUTE SHEET (RULE 26)

Page 262 of 870




WO 2013/083490 PCT/US2811/063433

FIG. 18 flhustrates & side cross-sectional view of the structure of FIG. 17 afier the removal
of excess conductive gate material to form a non-planar transistor gate, sccording to an

embodiment of the present deseription.

FIG. 19 illustrates a side cross-sectional view of the structure of FIG. 18 after etehing away

S aportion of the non-planar transistor gate to form a recessed non-planar transistor gate,
according to an embodiment of the present deseription.

FIG. 20 itlustrates a side cross-sectiong] view of the siructure of FIG. 19 after depositing a
capping dieleciric material into the recess resulting from the formation of the recessed non-
planar trensistor gate, according to an embodiment of the prasent description,

i0 FIG. 21 lustrates a side cross-sectional view of the structure of FIG. 20 aftor the removal

of cxcess capping diclectric material to form a capping structure on the non-planar transistor

gale, according o an corbodiowent of ihe present descrption,

FIG, 22 illustrates 8 sidg cross-sectional view of a sceond interfaver dislectric material
laver deposited over the first interlayver diclectric maiorial lsyer, the gate spacers, and the

13 sacrficial gate top surlace of FIG. 21, according to an embodiment of the present description.

FIG. 23 illustrates a side cross-sectional view of an eteh mask patterned on the second

diclectric material of FIG. 22, according to an embodiment of the present description.

FIG. 24 illustrates 8 side cross-sectional view of a contact opening formed through the first
and sceond diclectric material layer of FIG. 23, according to an cmbediment of the present

20 description.

FHG. 28 illustrates a side cross-sectional view of the structure of FIG. 24 after the removal

of the etch mask, according to an embodiment of the present description.

FIG, 26 itlustrates a side cross-scotional view of a conductive contact material deposited in

the contact opening of FIG, 25, according o an embodiment of the present description.

FIG. 27 illustrates 8 side cross-sectional view of the siructure of FIG. 23 after the removl

o]
W

of the excess conductive contact material to form s source/drain contact, sccording o an

embodiment of the present deseniption.

FIG. 28 illustrates a computing device, according fo onge implementation of the present

description.

Cad
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DETAILED DESCRIPTIONT: the following detailed deseription, reference s made to the

socompunying drawings that show, by way of illustration, specific embodiments in which the

claimed subject matter may be practiced. These embodiments are duscribed in sufficiont detail

N

to enable those shilled in the art o practice the subject matter. Itis to be understood that the

various smbodiments, although different, are not necessarily mutually exclusive. For example, a

particular feature, structure, oy characteristic desortbed hevein, in conwection with one

cmbodiment, may be implemented within other embodiments without departing from the spirit

and svope of the claimed subject matter. Refervnces within this specification to “one

0 cobodiment™ or “an embodinent” mean that a particular feature, structure, or characioristic
deseribed in conaection with the embodiment is included in at least one implementation
encoropassed within the present invention. Therefore, the use of the pbrase “ong embodiment™
or “in &n embodiment” does not necessarily refer to the same embodiment.  In addition, it is to
be understood that the Tocation or arrangement of individual elements within sach disclossed

15 combodiment may be modificd withowt depacting trom the spirit and scope of the claimed subjost
aratier. The fellowing detailed description is, therefore, not (0 be taken in a Hmiting sense, and
the scope of the subject matter is defined only by the appended claims, gppropriately interpreted,
along with the full range of squuvalents o which the appended ¢laims arve entitled. In the
drawings, like numerals refer to the same or similer clements or functionality throughout the

20 soveral views, and that eloments depicied theretn are not irecessarily to scale with une another,

rather individoal elements may be enlarged or reduced in order to more casily comprehend the

elements in the context of the present deseription.

In the fabrication of non~-planar transistors, such a2 tri-gate transistors and FinFETs, non-~

planar serniconductor bodics may be used to form transistors capable of &dl deplation with very

]
W

small gate lengths {e.g., less than about 30 nm). These senuconductor bodies are generally fin-
shaped and are, thus, geoncrally reforved to as trausistor “fing™. For cxample in & ti-gate
transistor, the transistor fins have a top surface aud twe oppuosiag sidewalls Formed on a bulk
semiconductor subgstrate or a siticon-on-insulator substrate. A gate diclectric may be formaed on
the top surfuce and sidewslls of the semiconductor body and a gate electrode may be formed
30 over the gate diglectric on the top surface of the semiconductor body snd adjacent to the gate
dielzetric on the sidewalls of the semicondactor body. Thus, sinee the gate disfectric and the
gate cloctrode are adjacent fo three surfaces of the semiconducter body, three separate channels
and gates are formed. As there are three separate channels formed, the semiconductor body can
be fully depleted when the transistor is turned on. With regard o finFET transistors, the gate

4
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materizl and the clectrode only contact the sidewalls of the semiconductor body, such that two
separate channels are formed (rather than throe in tri-gate transistors).
Embediments of the present description relate to the formation of & flrst fevel interlaver

v -

dinlociric material faver within a non-planar transistors, which may be formed by a spin-on

N

coating technigue followed by oxidation and anncaling. The first leved mterlayer diclectric
mateyial fayer may be substantially void free and may exert a tensile strain on the source/drain

vegions of the non-planar transistor,

FIG, 1 is a perspective view of a non-planar transistor 100, inclhuding at lcast one gate
formed on at least one transistor fn, which are formed on & microslectronic substrate 102, Inan
10 embodiment of the present disclosure, the microclecironic substrate 102 may bea
monocrystalline silicon substrate. The nucroelectronic substrate 102 may also be other types of
subsirutes, such as silicon-on-insuiator ("SOIM), germanium, gallinm arsenide, indizmm
antimonide, lead telluride, indium arsenide, indivm phosphide, gullivm arsenide, gallium

antimonide, and the like, any of which may be combined with silicon.

is The non-planar transistor, shown as a tri-gate transistor, may include at least one non-
plarar wansistor fin 112, The non-planar tansistor fin 112 may have a top surface 114 and a pair

of laterally opposite sidewalls, sidewall 116 and opposing sidewall 118, respectively,

As further shown in FIG. 1, at least one von-planar fransistor gate 122 may be formed over
the non-planar transistor fin 112, The non-planar transistor gate 122 may be fabricated by
20 forming a gate diclectrie fayer 124 on or adjacent to the non-planar fransistor fin top surfisce 114
and on or adjacent 1o the non-planar trangistor fin sidewall 116 and the opposing non-planay
transistor fin stdewall 118, A gate electrode 126 may be Formed on or adjacent the gate
dicloctric layer 124, In one ambodiment of the present disclosure, the non-planar transistor

fin 112 may run in & direction substantially perpendicular to the non-planar transistor gate 122,

25 The gate dielectne layer 124 msay be formed from any well-known pate diclectric raaterial,
including but not limited to silicon dioxide (8102}, silicon oxynitnde (SI0N,), sihicon nitride
{S1:Ny), and high-k diclectric materials such as hafhium oxide, hafnium siticon oxide, lanthanam
axide, lanthanum abminurs oxide, zirconium oxide, zirconium silicon axide, tantalum oxide,
fitanium oxide, barium strontiom tandwm oxide, barium titaniwm oxide, strontinm Hanium

30 oxide, yitriwe oxade, aluminum oxide, lead scandiiom tantalum oxide, and lead zine niobate, The

gate dieleetric layer 124 can be formed by well-known techuigues, such as by conformally

depositing & gate divlectric material and then patterning the gate diclectric material with well-

S
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known phowlithography and etching technigues, as will be understood w0 those skitled in the an.

The gate cicctrode 126 can be formed of any suitable gate electrode material, Tnan

4 X
2

entbodiment of the present disclosure, the gate electrode 126 may be formed from nwaterials that

include, but are not mited &, polysiticon, tungsten, ruthenium, palladiuvm, platinum, cobalt,

N

wickel, hafuem, zircomiur, tanium, tantalum, aluminum, ttanium carbade, arconium carbide,
tantalum carbide, hafniom carbide, aluminum carbide, other metal carbides, metad nitrides, and
metal oxides. The gate electrode 126 can be formed by well-known technigues, such as by
blanket depostting & gate clectrode malcerial and then patterning the gate clectrode material with
weti-kanown photdithography and etching fechnigues, ax will be understood to those skilied in

0 the art.

A source ragion and a drain region (not shown in FIG. 1) may be formed in the non-planar
transistor fin 113 on opposite sides of the gate electrode 126, In ane embodiment, the soures and
drain regions may be formed by doping the non-planar transistor fins 112, a8 will be understood
1o those skilled in the art. In another ernbodiment, the saurce and drain regions may be formed

13 by removing potions of the non-planar transistor fins 112 and replacing those portions with
appropriate material(sy o form the soarce and drain regions, as will be undersiond to those

skitied in the ave. In still another embaodiment, the source and drain v

ans may be formed by

axitaxially growing doped or undopad strain layers on the fins 112,

F1Gs. 2-36 illustrate side cross-sectional view of one embodiment of tubricaling & non-
20 plansr wansistor, wherein FIGs. 2-3 are views along srrows A-A and B-B of FIG. 1, FIGs. 6-13

are views along arrows A-A of FIG. 1, and FIG, 16-26 are views along arvows C-C of FIG. 1.

As shown in FI1G, 2, the non-planar transistor fin 112 may be formed by ciching the
microelectronic substrate 102 or by forming the non-planar transistor fin 112 on the

microelectronic sabstrate Y02 by any technigque known in the art. As illustrated 1n FIGL 3, a

o
i

sacrificial matenial 132 may be doposited over the non-planar transistor fin 112, as shown in
FIG. 3. and a trench 134 may be formed in the sacrificial material 132 to expose a potion of the
aon-planar trapsistor fin 112, as shown in FIG. 4, The sacrificial material 132 may be any
appropriate materiad known in the art, and the trench 134 may be formed by any technique

konown in the art, including but not limited to lithographic masking and etching.

Tud
<

As shown in FIG. 5, a sacrificial gate 136 may be formed ia the trench 134 {see FIG. 4},
The sacrificial gate 136 may be any appropriate material, such as a polysiicon material and the

like, and may be deposited in the trench 134 (see FIG. 4) by any technigue known in the s,

6
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including but not lmited 1o chemical vapor depesition (CVD™Y and physical vapor deposition
(EEP\/DSS}A

As shown in FIG. 6. the sacrificial material 132 of FIG. 5 nwy be removed o expose the

sacrificial gate 136 by any technigue known in the art, such as sclectively wstehing the sacrificial

N

material 132, As shows in FIG. 7, 2 conformal dislectric laver 142 may be deposited over the
sacrificial gate 136 and microslectronic subsirate 102, The conformal dieleciric layer 142 may
be any appropriate material, inclading but not Himited to sihcon nitride (S1:Ng) and silicon
carbide {S1C), and may be formed by any appropriaie technigue inchuding bad not limited to

atomic laver deposition (CALD™).

10 As shown in FIG, ¥, the conformal diclectrie Tayer 142 of FIG. 7 may be etched, such as by
divectiona] eteh with an appropriate etchant, to form a pair of gate spacers 144 on sidawalls 146
of the sacrificial gate 136, while substantially romoving the conformal dielectric layer 142
adjacent the nucroclectronic substrate 102 and a top surface 148 of the sacrificial gate 136, s
wundersiond that fin spacers {not shows} may be simultancously formed on sidewalls 116 and 118

15 {sce Fid. 1) of the non-planar transistor fin 112 during the formation of the gate spacers 144,

Ag shown in F1G. 9, a source region 1302 and a drain region 150b may be formed on cither
stde of the gate spacers 144, In one embodiment, the source region 1302 and the drain region
1560 may be foroed i the non-planar transistor fin 112 with the implantation of N-type or P-
type ton dopants. As will be understood to those skilled in that art, dopant implantation is &

20 process of introducing impurities into semicenducting materials for the purpose changing its
conductivity and clecironic properstics. This is gencerally achioved by lon implantation of vither
Potype ions or N-type ions, collectively reforred to as “dopants”. In another embodiment,
portions of the pon-plavar transistor fin 112 may be removed by aoy techinique known in the art,

such as etehing, and the source region 150a and the drain region 150b may be formed in place of

o]
L

the removed pordons. I still another embodiment, the source and drain regions may be formed
by exitaxially growing doped or undoped strain favers on the fing 112, The source region 130a
and the drain region will hereinatter be referred to collectively as “source/drain region 1587, As
will be undersiond to those skilled in the art, travsistors having P<type source and drains are
reforred to as “PMOS™ or “p-channel metal-oxide-semiconductor™ transistors, and transistors

30 having N-type source and draing swe referred to as "NMOS™ or “n~channel metal-oxide-

serniconductor” transistors.

As shown in FIG, 10, an adhesion liner 132, sach ax silicon dioxide, may be conformally
deposited over the gate spacers 144, the sacrificial gate top swrface 148, the non-planar transistor

7
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fur 112, and the micvockectronic substrate 102, The adheston e 152 may provide a sufficiont
adhesion between a subsequently formed interlayer diclectric material alyer, and the structure of
FIG, 9, 1.2., the gate spacers 144, the sacrificial gate top surfice 144, the non-planar ransistor fin

112, and the microclectranic substrate 142,

N

As shown in FIG. 11, a first interlayer diclectne moateviad faver 154 may be formed on the
adhesion liner 132 with a spin-on coating technique, which may be used to apply a substantially

uniform thin film to a substrate. Tn one embodiment of the present description, an excess anwount

of interlayer dicleciric material may be depostted on the adheston liner 152. The microelectronic
substrate 102 may then be rotated, generally st a high speed, to spread the interlayer diclestric

10 aterial across (e microclectronic substrate 102 by centrifugal foroe; thus, forming the first
interlayer diclectric material layer 154, The spin-on coating technigue may have the capability
scale to relatively pitch sizes, while still achieving effective gap fill (2.g. litde or substantizlly no

void formmation) even with high aspect ratio stractures.

As shown in FIG. 12, the first intedayer diclectric matedal layer 1584 may be oxidized
15 follow by an snnealing {the oxidation and anncaling steps are iHustrated as arrows 156),
Alithough the oxidation and sanealing steps are tusivated in a single drawing with commen
arrows 136, this is roerely for coneisenass in the ilastrations. 3 is understood that the oxidation

and annealing steps can be separated by one or more processing steps,

In one cotbodiment, the oxidation may be performad in a vertical diffusion furnace at
20 sbout 410 degrees Celsius {n about a 93% sicam atmosphers for about 2 hours. The oxidation
may drive out solvent from the first interlayer dicloctric matesial layer 154 and may result in a

volutre shrinkage of the first imerlayer diclectric material tayer 154 of between about 103

and 12%. This shrinkage may exerl a tensile strain and bas been shown to ncrease drive

cirents of NMOS trigate transistors up to abour 7% due to channel moobility snhancemen, as

o]
L

will be understood to those skilled in the wrt. In one ewobodiment, the annealing may be schieved
by a two step anncal in a high density plasma chamber with a helinm gas (or other such inert gas)
atmosphere, The fivst step may comprise powering up RE clectrodes within the high denstty
plasma chambser, such as iop and side electrodes, to about 16kW for a time duration of abiont

§ix {6) minutes. The sccond step may comprise powering up the high density plasma chamber
30 RF clcetrodes, such as top and side elecirodes, to about 6KW for a time duration of about two {2)

minutes,

As shown in FIG. 13, a portion 138 of the first interlayver diclectric 1534 may be denstfied as
a result of the oxidation and annealing step previously described. The densified dislectric
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portion 158 may assist in protecting the fivst interlayver dicleewic 154 during downstream

PrOCesSIng.

As shown in FIG. 14, the frst bverlayer diclectric layer 134 maay be planarized o expose

the sacrificial gate top surface 148, The planarization of the first diclectric material layer 154

N

may be achieved by any technigue known m the art, inclading but aot limited to chemical
mechanical polishing (CMP). As shown in FIG. 14, a portion of the densified dielectric portion

138 may remain after planarization,

As shown in FIG, 15, the sacrificial gate 136 of FIG. 14 may be removed to form a gate
trench 164, The sacrificial gate 136 may be removed by any technigue known in the art, such as
10 asclective cteh, Ax shown in FIG. 16, the gate diclectric tayver 124, as also ilhustraied in FIG, 1,
may he formed to abat the non-planar transistor fin 112, as previowsly discassed. The materials

and methods of forming the gate diclectrie 124 have been proviously discussed.

As shown in FIG. 17, a conduetive gate roarerial 166 may be deposited in the gate trench
164, and excess conduciive gate material 166 (o.g. conductive gate material 166 not within the
15 gate trench 166 of FIG, 16) may be removed to from the non-planar transistor gate clectrode 126
{see also FIG. 1), as shown in FIG. 18, The matorials and methods of forming the gate electrode
126 have been previousiy discussed. The removal of the excess conductive gate material 166
may be achieved by any technique known in the art, including but not liovited &0 chenical

mechanical polishing (UMP), etehing, and the like.

20 As showe in FIGL 19, a paction of the nor-planar fransistor gate clentrode 126 of FHGL IR
roay be removed to form a recess 168 and o recessed non-planar transistor gate 172, The
removel may be accomplished by any known techniquee, ncluding But not Hinited to wet or dry
etching. Inone embodiment, the formation of the recess roay result from a combination of « dry

ctch and a wet eich.

25 As shown in FIG. 20, a capping diclecine matenial 174 may be deposited b fill the recess
168 of FIG. 19, The capping dielectric material 174 may be any appropriate material, including
bul not Hmited to silicon nitride (S1zN4) and silicon carbide {SiC), and may be formed by any
appropriate deposition technique. The capping dielectric material 174 may be planarized o
rernove excess capping dielectric material 174 (g capping dielectric material 174 not within

30 the recess of FIG. 19} fo form a capping diclectaie structure 176 on the recessed noa-planar

gransistor gate 172 and between a gale spacers 144, as shown in FIG, 21, The removal of the
excess capping dislectric material 174 may be achioved by any techoigue known in the ari,

g
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including but not limited 1o chomical mechanical polishing {CMPY, etehing, and the like.

As shown in FIG. 22, a second interlayer diclectric layer 178 vuay be deposited over the
first dielectric material Juyer 154, the gate spacars 144, and the capping diclectric stractve 176

The second interlaver dielectric layer 178 may be formed frwn any appropriate dielestric

N

waterizl, including but not Hindted to silicon dioxide {Si0;), stlicon oxynitride {SI0.N,), and
siticon nitride (SiaNy), by any known deposition technigue, As shown in FIG. 23, an otch mask
182 may be patterned with at legst one opening 184 on the second interlayer dislectric layer 178,

such as by well known lithographic technigues

As shown in FIG. 24, a contact opening 192 mav be formed through the frst interlayer

10 dielsctric layer 134 and the sccond intertaver dielectric layer 178 by etching through the eich
mask opening 184 of FIG. 23 to cxpose a portion of the source/drain region 150, The etch mask
182 of FIG. 24 may be removed thersafter, us shown in FIG. 23, In one embodiment, the first
mterlaver diclectric layer 134 and the second dielectric material laver 178 differs from diclectric
materizl of both the gate spacers 144 and dhe capping diclectrie structure 176, such that the

13 ctching of the fisst interfaver dicleetric laver 134 and the second interlayer dielectric layer 178
may be selective to the gate spacers 144 and the capping diclectric structurs 176 (o, eiches

fastery. This i known in the an as a selfaligning.

As shown in FIG. 26, a conductive contact material 196 may be depesited 1n the contuct
opening 192 of FIG. 25, The conductive contact material 126 may include, but is not limited to,
20 polysilicon, tungsten, ruthenium, palladium, platinum, cobalt, nickel, hatnium, zircontum,
fifanium, tantaham, aluminum, titantem carbide, zircomum carbids, tantalum carbide, hafinum
carbide, aluminum carbide, other metal carbides, metad nitrides, and metal oxides. Itis
understood that varions adhesion layers, bamer layers, silicide layers, and/or conductive fayers

may be conformally disposed or formed i the contact opening 192 of FIG. 23 prioy to the

o]
L

deposition of the conductive comtact material 196,

As shown in FIG. 27, excess conductive contact matenial 196 of FIG. 26 {o.g. conductive
conizet material 196 not withio the contact opening 192 of FIG. 24) may be removed to form a
source/drain contact 198, The removal of the excess condustive comtact materia]l 196 may be
achicved by any technique known in the art, mehuding it not Hoatted 1o chemical mechanical

30 polishing (CMP), erching, and the like.

As previcusly discassed, in one embodiment, the first interdayer dicleotsic layer 154 and

the second interlaver dielectric layer 178 differs from dicloctric material of both the gate spacers

16
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144 and the capping dicleviric stracture 176, such that the otehing of the Hrst interfayer diclectric
layer 154 and the second merlayer dielectric layer 178 may be selective to the gate spacers 144
and the capping diclectrie structure 176 (Le, etehes faster), Thus, the recessed non-planar
transistor 172 i3 protected during the formaiion of the condsct opening 192, This allows for the
5 formaton of a relatively large sizad source/drain contact 198, which may incroase the sransistor
drive current performance, without the risk of shorting between the source/drain contact 198 and

the recessed non-planar tragsistor gate 172,

FIG. 28 illustrates a computing deviee 1000 in accordance with one implementation of the
prusent desceiption. The computing dovice 1000 houses 8 board 1602, The board 1002 may
10 include a pweber of commponents, including but not iinited so a provessor 1004 and at least one
communication chip 1006, The processor 1004 is physically and clectrically coupled to the
board 1002, In some implementations the at least one commumication chip 1006 is also
physically and electrieally coupled 1o the board 1002, by further implementations, the

communication chip 1000 18 purt of the processar 1004,

i3 Depending on its applications, computing device 1008 may include other components that

may of may not be physically and electrically coupled to the board 1002, These other
componsnts include, bt are not limited 1o, volatile memory (8.8, DRAM), non-volatile memory
{e.g., ROM), flash mamory, a graphics processor, a digital signal processor, 4 Crypto progcessor, g
chipset, an antenna, & display, a touchscreon display, a touchscreen controller, a battery, an audio

20 codec, s video codec, & power amaplifier, g global positioning systeny (GPS} device, a compass,
an accelerorneter, # gyroscope, a speaker, a camera, and 8 mass storage device (such as hard disk

drive, compact disk (CD), digital versatile disk (VY and so forth).

The commnuication chip 1006 enables wiveless communications for the transfer of data 1o

and from the computing device 1000, The term “wireless” and its derivatives may be used to

o]
L

deseribe sireuits, devices, systems, methods, techiiguss, conununications channels, ot that
away connnunicate data through the use of modulated clectromagoetic radiztion through 2 noa-
soitd medium, The term does not imply that the associated devices do not contain any wires,
althoogh o some embodiments they might net. The communication chip 1006 may iplement
any of a number of wireless standards or protocols, including but not limited 10 Wi-Fi (IEEE
30 802.11 family), WiMAX (IEEE 802,16 family), TEEE B02.20, fong term evohution (LTE), Bv-
DO, HSPA+, HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluctosth,

derivatives thereof, as well as any other wircless prolovels that are designated as 3G, 4G, 3G,

and bevond. The compating deviee 1000 may inclade a plurality of communication chips 1606,

11
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For instance, a first communicadon chip 1006 may be dedicated to shorter vange wircless
cotranunications sach as Wi-Fi and Bluetooth and a second communication chip 1006 may be
dedicated 1o longer range wireless communications such as GPS, EDGE, GPRS, CDMA4,
WIMAXN, UTE, Ev-DX, and others,

N

The processor 1004 of the computing device 1000 includes an integrated civewit die
packaged within the processor 1004, In some implementations of the present deseription, the
integrated circait die of the processor includes one or more devices, such as non-planar
transistors that ave formed in accordance with implementations of the present deseription, The
form “processon” may refor to any device or portion of a device that processes clecinonic data
0 from registers and/or memory 1o transform that clectronic data into other clectronic deta that way

be stored in registers andfor memary.

The communicetion chip 1006 also includes an mtegrated circuit die packaged within the
communication chip 1006. In accordance with another implementation of the present
description, the bntegrated circuit dic of the cornmunication chip includes one or more dovices,

15 such as non-plavar transistors that are formed in accordance with implementations of the present

description.

In further implementations, another component housed within the computing device 1000
may contain an integrated civeuit die that mcludes one or more deviees, such as non-planar

fransistors that ave formed in accordance with implementstions of the present description,

20 In variois eplomentations, the comupding device 1080 may be a lapiop, a setbnok, a
notebook, an ultrabook, a smartphone, a tablet, a personal digital assistant (PDA), anuloa
mobile PC, & mobile phone, o deskiop compuler, a sevver, 4 prisder, 4 seanner, a mondior, 3 set-
g box, an entertainment control wnit, a digital camera, a portable mausic player, or & digital

video recorder. In further implementations, the computing device 1000 may be any other

o
i

electronic device that processes data,

s understood that the subject matter of the proasent description is not necessarily limited
to specific applications illustrated in FIGs. 1-28. The subject matler may be applied to other

microclectronic device fabrication applications, as will be understood to those skilled 1o the ar.

Having thus described in detail embodiments of the present invention, it is understood that
30 the invention defined by the appended claims s not o be limited by particular details set forth in
the above description, ax many appareont variations thercof are possible without departing from
the spivit or scope thercofl

12
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What is clatmed is:

1. A method of fabricating a nuicroclectronic transistor, comprising:
forming a tranxistor gute including & gaie electrode adjacent a subsirate and « pair of

gates spacors on oppasing sides of the gate clectrode;

5 forming a source/Crain regon;
forming a first interfayer dielectric material layer adjacent the source/drain region and
adjacent at least one gate spacer;
oxidizing the first interlayer diclectric material layer; and
anncaling the i intedayer dickectrie msterial layer.
HY
2. The meothod of claim 1, wherein forming the first interlayer diclectric material layer
cornprises depositing the first interlayer diclectric material layer with a spin-on coating
cchnique.
is 3 The method of claim 1, farther including forming an adhesion liner adjacent the

source/drain region and adjacent at loast one gate spacer, prior w forming the fivst imterlayer

dielectric malerial layer,

4, The method of claim 1, wherein oxidizing the first interlayer diclectric material layer

20 cowmprises heating the fivst interlayer diclectnic mwaierial layer in a steam atmosphere,

3. The method of claint 4, whevein heating the first interfayer diclectric materia] verin a

steam atmosphere comprises heating the first interfayer dislectric material layer (o a temperature

of about 410 degrees T 394

clsius in about & 93%, stoum atmosphere for ebout 2 hours,

25
6. The method of claim 1, wherein annealing the first interlaver dielectric material layer
comprises annealing the first interlayer disleciric material layer with high density plasma in an
inort atrnosphere.

30 7 The mothod of claim 1, wherein oxidizing and annealing the fivst interlayer diclectie

material layer shrinks the first interlayer diclectric material layer to exert a wensile strain oo the

sourceddrain region,

. A method comprising:
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forming a sacrificial none-planar transistor gate over a non~planar transistor fin;

depositing a dielectric material layer over the sacrificial non~-planar transistor gate and the
non-planar trensistor fing

forming non-planar transiston gate spacaers from a portion of the dicleciric material layer
adjacent the sacrificial non~planar transistor gate;

forming & source/drain region;

romoving the sacrificial non-planar transistor gate to foros 2 gate trench betwenn the non-
plansr fransistor gate spacers and expose a portion of the non-planas transistor fing

forming a gate dielectric adjacent the noo-planar transistor fin within the gate rench;

depositing condective gate material within the gate trenchy;

renving a portionr of the conductive gate material 1o form a reoess between the non-
planar transistor gate spacers;

forming & capping diclectric structure within the recoss;

forsing a first interdayer diclectric materal layer over the source/drain region, the non-~
planay fransistor gate spacers, and the capping dicleciric structure; and

oxidizing the first interlayer diclectric material layer; and

annealing the finst inteclayer diclectric material laver,

g, The mathod of claim R, wherein forming the first trerlayer divlectric material layer
comprises depositing the fisst interlayer dickeotric material layer with a spin-on coating

technique.

10, The method of claim 8, further including forming an adbhesion liner adjacent the
source/drain region and adjacent at Teast one gate spacer, prior to forming the first interlayer

dislectric material fayer,

1k The method of claim 8, wherein oxidizing the first interfayer dislectric material layer

comprises heating the first interlaver diclectric material layer in a steam atmosphere,
12. The method of claim 11, wherein heating the first interlaver dislectric material layer in a
stoam simosphore conmprises heating the first interfayer dielectric material layer to a femperature

of about 410 degrees Celsius in about & 93% steam atmosphere for sbout 2 hours.

13, The methed of claim R, whersin anngaling the first interlayer diclectric matorial layer

comprises anmesling the first interfayer dicleciric material layer with high density plasmoa in an

14
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inert atmosphere.

14, The method of claim &, further including planarizing the first interlayer dicleciric

material laver,

15, The method of claim 8, further including forming a contact through the at least one

dielectric matenal 1o contact at least a portion of the sowrce/deain region.

16. The mothod of claim B, whercin oxidizing and anncaling the first interlayer diclectric
) naterial layer shrinks the fivst interlayer dieleciric material layer to exert s rensils strain on the

source/drain region.

17. A microelectronic fransistor, comprising:

a transistor gate including a gate clectrode formed adjacent a substrate and a pair of gate

Ln

spacers disposed on opposing sides of the pate clectrode;

a source/drain repion adjacent the transistor gate; and

a first interlayer dieleciric material fayer formed adjacent the substrate, adjacent the
souwrce/drain region, and adjacent at lcast one gate spacer, wherein the fisst interlsyer dicleetric
material layer includes a densified portion formed procimate a first surface of the first oderlayer

20 diclectric material faver,

18, The microclectronie transistor of claim 17, wherein the transistor gate s noo-planar,

19, The microclectronic transistor of claim 17, whersin the sowree/drain region is noo~-planar.

1]
in

20. The micraslectronic transistor of claim 17, further including a capping diclectric structure

disposcd adjacent the non-planar gate clectrode and between the pair of gate spacers.
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to Article 18, A copy is heing ransmitted o the nternational Bureau,

This internations) search ropost consists of a otal of 3 sheets.
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(=]
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1%
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4. With regard to the title,
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D the text bas boen established by this Authority to read as foltoves:

o

With repard o the absiract,
the text is approved as submitted by the applicant.
D the text has been ostablished, according to Rule 382, by this Authority as it sppears in Box No. IV, The applicant

may, within one month from the date of mailing of this inteenational search reparnt, submit comments to this Authority.
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2. the figure of the drawings to be published with the abstract is Figure Mo, 1
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See the abstract: figs. =210 clalms ¥-31.
A U5 20110147831 Al {STEIGERSALL JOSSPH 8. et =10 23 June 2011 1-28
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BICRE being pbvious to ¥ person skilled inshe ast
N o it preblished prins to the inter 1 filing dote but fater “&"  document member of the same patens fanily

Date of the sctual completion of the tutemational search

15 MAY 2012 (15.05.2012)

Drate of mailing of the internmtivnal search report

15 MAY 2012 (15.05.2012)

Wamse and maihing address of the ISAKR

Korean Intellectusl Property Office
Government Complox-Dacjeon, 182 Cheongaa-ra,
Sen-gu, Dagjenn 302-701, Republic of Korsa

Facsimeile No.  $2-42-472-7140

Telephone No.

Authorized officer ;

Lee Sang Ho

2-42-481-3221

Fonn PCTASA/LEG (ssoond sheet) (July 2009

Page 296 of 870



INTERNATIONAL SEARCH REPORT

Internations! spplication No.

informstion on pateat fanily members PCT/US2611/054294

Palent document Publication Putent Tandy Publication

cited in search report date member(s) date

US 7528025 B2 05.05.2008 LS 20060071275 Ad 05.04. 2008
US 2006-0138582 Al 20.06.2006
US 2006-0138583 At 29,06, 2006
US 2008-0090397 Al 7.04.2008
US 2009-0148012 At 11.06 2008
US 7326656 82 05.02 2008
US 7351958 82 22.04 2008
US 7531437 B2 12.06.2009

KR 10~0585178 B1 30.05.2008 US 2006-0175658 Al 10.08. 2006

Us 2011-0147831 81 23,068,201 None

Page 297 of 870

Form PCTASAZ 10 (natent family annexy (July 2009




PCT/USZ011/054294

PATENT COOPERATION TREATY

Frons the
INTERNATIONAL SBARCHING AUTHORITY

Tou
WINKLE ROBERT C.

MINNEAPOLIS MN 55402 £1SA

PCT

WINKLE, PLLC ©F0 CPA GLOBAL P.O.BOX 52080 WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY
{PFCT Rule 43bis, 1}

Date of mailing
fawmontiiyear) 15 MAY 2012 (15.05.2012)

Applicant’s or sgent’s file refirence
IRO4EPLT

FOR FURTHER ACTION
See paragraph 2 balow

{memational application No {nternational filing date (daymambivenr} Priority datefduyianonthives)
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Bex No 1 Now-establishment of opwnien with regard to novelly, inventive step ard industrial applicabitity

Box No. IV Lack of unity of invention

Box No. V. Reasoned statement undee Rule 4305, 1(ap i) with regard to sevelty, Inventive step or industsial applicability:
citations and explanations supporting such statement

Rox No. VI Certain documents oited

Rox Mo, VI Cenain defecty in the international application

Box No. VIt Cenaip observations on the international application

If a demand for international prefiminary examination is made, tus opinion will be copsidered o be a wnitten npinion of the
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1. With regard to the Janguage. this opinion has been established on the basis of

the international appHication o the language in which it was Gled
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translalion furnished for the purposes of international search (Rules 12.3¢a} and 23.1{b)}
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. & sequence fisting filed or furnished
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D in electronic form

b. time of filing or furnishing
contained in the intermational application as filed
D fited togethier with the ntemational application in clecironic fam.
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LR [:} fn addition, in the case that more than oue version or copy of & seguence listing has been filed or furaished, the reguired
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Box No. ¥V Reasoned statement under Rule 43bix1(2)(i} with regard to novely, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Sttement

Novelty (N} Claims 1223 YES
Claims  NONE NG

Inventive step (353 Claimsg 125 YES
Claims  NONE NG

tndustrial applicabtiity (TA)  Claims  1-25 YES
Claims  MONE NQ

2. Cutations and explanations

Reference is muade to the following documents?

01 US 7528028 B2 (BRASK JUSTIN K. et ai.) 03 May 2009
020 KR M~0GB5178 B1 (SAMSURG BLECTRONICS €00, LID.) 30 Hav 2006
D3 (S 20711-03147838Y Al (STEIGERFALD JOSEPH M. ot al.} 23 June 3011

1. Novelty and Inventive Stop

1.1 olaims 15

The subjsct matter of claim 1 differs from the disclosure of BL in that the gate electrmde includes a
tungston~containing gate {ill material adjacent the gate fil} barrier. As the subject matter of claim
1 is not shown in any other prior art documents cited in the I8, ciaim I i{s aset ssbticipated by any
of the prior ari documents including D, nor obwious to the person skilfed in the art.

Therefore, ciais 1 is novel and invelves an inventive step under PCT Article 33(2) and (&),

Clatms 2-5 which are depesdent on ofaiw 1 alszo meet the reguirements of PCT Article 33{2)-{3} with
respect to aovelty and jgvestive step.

1.2 slaims 8~16

The method of claim 6 differs from the disclosure of Bl in thst the secomd siep iu the methed of
claim & forms a gate elecirode inchwling the step of depositing a tusgsten~containiog gate fill
material adjacent ithe gate fill barrier. As the subject matter of claim 8 is not shown in any other
prigr ary documenis cited in the ISR, clsim & is wot anticipated by any of the prior ard documents
including DL, nor chyvious 16 {he person skilled in the art.

Therefore, claim 6§ is novel and invelves an inventive step under PCT Article 332) and (3.

Claims 7~18 which are dopendent on claim € alse meel the requirements of PCT Article 33(23-~(3)} with
respoct 1o novelty and inventive step.

1.3 claiws 1725

The sethad of clain 17 differs from the disclosure of D1 in that the seventh step in the wmethod of
claim 17 forms a gate electrode jacluding the step of depositing 3 tungsten-cordsining gate it
materis! adjacent the gate Fiil barrier. s the suhiecet matter of cisim 17 is not showe in any othay
prigr art documenis cited in the B8R, olaim 17 1s not anticipated by any of the privr art documents
inciuding D1, nor abviaous to the person skilied in the ari.

Therefore. clabn 17 is nove! and involves sn inventive step under POT Article 334Z7 and (3).

T

Claims IR25 which are dependent on claim I7 also meet the reguivements of PCT Article 33(23-{3) with
respeci to novelty and inventive step.

2, Inddusirial Applicabilicy
Clwims 125 have indusirial applicability (PCT Article 33(4}}.
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From the INTERNATIONAL SEARCHING AUTHORITY

PUTAUS2011/054464
PATENT COOPERATION TREATY

To:

BLAKELY SOKOLOFF TAYLORZAZFMANLLP

PCT By,

NOTIFICATION OF TRANSMITTAL OF

1279 CAKMEAD PARKWAY SUNNYVALE, CA 94086 USA
THE INTERNATIONAL SEARCH REPORT AND

ENTERED
MAY (12 2{]‘52!\]@._

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.13

Defg of mailing

SUNNYVALE (dapimonthivear) 15 MAY 2012 (15.05.2012)
INTO DI SHEE
Applicants or sgent’s file reference  MAY 21 2012
186R3PCT FOR FURTHER ACTION  Sce paragraphs 1 and 4 below

International spphicat

Ty montiivedr,
POT/US2011/0544dRYLOR ZAFMAN |7 o o P EMBER 2011 (30.09.2011)

o Ng, b RELY SURTLOFF {htqruations Fing date

Applicant

INTEL CORPORATION et al

1

The applicant is hereby notified that the intemnationa} search report and the writien opinion of the International Seatching

2. {::] The applicant is hereby notified that no international search report wifl be establishied and that the declaration unider

3, D With regard to any protest against payment of {an}) additional foc(s) under Rule 0.2, the applicant is notificd that:

4. Reminders
The applicant may submil comments on an informal basis on the wrilten opinion of the International Scarching

Authority fo the International Burcau. The International Bureau will send a copy of such comments 1o all designated

OFfiees unicss an intema i ; t i
expiration of 30 months frem the priovity date, these comments will also be made availsble 1o the publie,

Shortly after the expiration of 18 menths from the priority date, the intemational application will be published by the

international Burcau. If the ap
international application, or ¢ :
technical preparations for international poblication {Rules 90bis. 1 and 90bis 3).

Within 19 months from the pricrity date, but only in respect of some designated Offices, a demand for international
preliminary examination must be
menths from the priority dae {in seme Offices even later); otherwise,
priority date, gge
In respect o
within 1 9raonths.
For details about the applicable thme lrmits, Cifice by Office, s¢
PCT Applicant's Guide, Natioaal Chapters.

Authority bave been esteblished and are trassmined hepewith,

Filing of amendments snd statement under Article &

“The applicant is entided, if he so wishes, to amend the claims of the international spplication (sec Rute 463
Whea? The time lmit for filing such amendments is normally two months from the date of wansmiital of the

intemational search report
Where? Directly to the International Burese of WIPQ, 34 chemin des Cole
$211 Geneva 20, Switzerland, Facsinaile Noo +41 22338 8270

For more detailed instructions, see PCT Applicont’s Guide, Iitemational Phase, paragraphs .004 . 9,011,

Thetfay

Astiche 17{2)(a} to that offect and the written opinion of ihe Intemational Scarching Authoriy are transmitted herewith.

E:} the protest together with the dicision therenn has been transmitted to the International Burcsy logother with any
roquest to forward the texis of both the projest and the decision therson to the designated Offices.

{:] no decision has been made yet on the protest; the spplicant will be potified as soon a5 a decision is made.

international preliminary examination report has been or is o be established. Following the

fpiicam wighes o avoid or postpone publication, a notice el withdrawal of the
the peiority claim, must reach the International Burean before the completion of the

filed if the applivant wishes to postpone the entry inte the national phase until 39
the applicant raust, within 20 months from the
rform the prescribed sets for entry inte the national phase before those designated Offices,

ather designated Offices, ihe time limit of 30 months (or Jater) will apply cven if no demand is filed

ce www. wips int/pet/onfiextsfiime_limits.himl and the

Name and mailing address of the ISAKR

Pacsimile No. 8342-472.7140

Authorized officer

Korean Intetfeciual Property Office
Govemnment Complex-Deaejeon, 189 Cheongsa-re, CUMMISSIONER

Seovgu, Dacjeon 302-701, Republic of Korea

Telephone No. 82-42-481-873%
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* Aftestion

Copies of the documents cited i the internationa) search report can be searchid in the following Kovean Intellecnt
Property Office Englist website for three months Srom the daie of mailing of the intemational search report,

hitp:freverw kipo.gokefens = PCT Bervives = PCT Services

D - PCT international application aumber
FWXFRIQGEC

Inguiries related to PCT International Search Report or Written Opinion prepared by KIPO as sn International
Searching Authority can be answered nol osly by KIFO but also theough IPKC (Intellectual Praperty Karea
Center), focaied in Vienns, VA, which functions as a PCT Help Desk for PCT applicans.

Homepage: httprraww.ipkoenter.com
Email: {pkefi@ipkcerier.com

Phone: +1 703 388 1066

Fax:+i 703 3188 1084

Notes i Form PCTASAL2E (July 2010)
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PCT/US2011/054464
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
{PCT Article 18 and Rules 43 and 44}

Applicant's or agent’s fitle reference FOR FLRTHER see Form POTASAMR20
P3RERIPCT ACYION as well as, where applicable, ftem § below,
Intermational application No. Imemationat filing date fdmymonthives) {Earliest) Priority Date {dapmonthivear}
PCTUSZ011/08544064 36 SEPTEMBER 2011 (30.09201 1)

Applicant

INTEL CORPORATION ¢t al

This Imtemnational search report has been prepared by this Infernationat Sesrching Authority and is transmitied to the applicant according
to Article 18 A copy i being tansmitted 1o the Istemations Buceau.

This international search report consists of a total of 3 sheets.
D Tt is alse sccompanicd by 3 copy of each priny art document cited in this seport.

1. Basis of the report
A With regard to the lapguage, the internatinnal search was carvied out on the basis of
ihe infernational application fn the language in which it was filed

D a trauslaiion of the intemntional appiication int: . which is the langusge of 3
transiation fiumished for the purpsses of international search {Rules 12 3(ay and 23, 1(b))
b, D This international search report has been established taking info account the rectification of an obvious wistake
authorized by o notified to this Authority under Rule 81 {Rule 43 sdis{a)).
& E:I With vegard to sy nucleotide andfor amine acid sequencr disclosed m the inomationat application, see Box Ne. L

2, E E Certaie claims were foumd unsearchabls (Sec Bix No. I}

3 i E Uinity of invention is lacking (Se¢e Box No. i}

4. With regard to the title,
E the text is approved as submited by the applicant.
i l the text has boen established by this Authority to read ag follows:

§. With regard fo the abstraet,
E the text is approved as submitted by the applicant.
::l the text has been established, according to Rule 38.2, by this Autherity as it appears in Box No. IV, The spplicant
may, within one month {rom the date of mailing of this international scarch repost, submit comments to this Authority.

6. With regard o the drawiags.
a. the figure of the drawings 1o be published with the abstract iz Figure No. 1
as suggested by the applicant.
D as selected by this Autbority, because the spplicant failed to suggest a figure.
{] as selected by this Authority, becasse this figure better chavacterizes the tnvention,

h. D none of the figure 5 1o be published with the abstract.

Porm PCTASAZ G {rst sheety (Tuly 2009

Page 303 of 870





