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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/583,809 04/01/2014 8686562 0400186 7180
25700 7590 03/12/2014
FARJAMI & FARJAMI LLP

26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 237 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Sadiki Jordan, Torrance, CA;

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

Complete and send this form, together with applicable fec(s), to: Mail Mail Stop ISSUE FEE
Commiissioner for Patents
P.O.Box 1450
Alexandria, Virginia 22313-1450
- orFax (571)-273-2885

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

Note: A cerlificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Notc: Use Block 1 for any change of aderess) Ra.pcr_s. Each add_if[ional 1}aper.' such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
1 hereby certu’y that this Fcc(rs;) Transmittal is being deposited with the United
States Postat Service with sufficient postage for first class nuif in an envel
addressed to the Mail Slog) ISSUE FEE address above, or being Facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

Didne. Avnelt [Eo—
/)8 Aenp G kA (Signaivrc)

25700 7590 1171512013
FARJAMI & FARJAMI LLP
26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691

February /Y 2014 (Dac)
l APPLICATION NOG. [ FILING DATE l FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. CONFIRMATION NO.
12/583,809 08/25/2009 Sadiki Jordan 0400186 7180
TITLE OF INVENTION: Refractory metal nitride capped electrical contact and method for frabricating same
[ APPLN. TYPE ENTITY STATUS ! ISSUE FEE DUE 1 PUBLIC/\’Y!ON}'}}.{ DUE l PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE l DATE DUE I
nonprovisional UNDISCOUNTER yﬁ $q (.OO 5?6 $ O ) 52?6 $9(00 02/1872014
! EXAMINER { ART UNTT ] CLASS-SUDCTASS [
WOICIECHOWICZ, EDWARD JOSEPH 2895 257-763000
{. Change of coivespondence address or indication of "I'ec Address™ (37 2. For printing on the patent front page, list -
R 1Son, T v printing i the paieat [ront pug , FARJAMI & FARJAMI LLP
(1) the names of up to 3 registcred patent atlorneys
a Changc of correspondence address (or Change of Cosrespondence or agents OR, alternatively,
Address form PTO/SB/122) attached. " . . " 2
(2) the name of a single firm (having as a a
{3 "Tee Addeess” indication (or "Fec Address” Indication form registered allomey or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more receat) attached. Use of a Customer 2 registered patent altorneys or agents. If no nameis 3

listed, no name will be printed.

Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {prinl or type)

PLEASE NOTE: Unless an ass%ncc is identified below, no assignee data will appear on the patent. I an assignee is identificd below, the document has been filed for
recordation as set forth in 37 CFK 3.11. Completion of this form is NOT' a substitute for filing an assignment.

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

Juternational Rectifier Corporation El Segundo, CA

Please check the appropriate assignee category or categories (will not be printed on the patent) 0 dividual m Corporation or other private group entity J Government

4a.§m following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issuc Fec A check is eaclosed.
O puslication Fee (No small enlity discount permilted) Payment by credit card. Form PTO-2038 is attached.
a Advance Order - # of Copies ‘The Director is hereby authorized to charge {] d fee(s), any deficiency, or credit an
i T overpayment, to Deposit Account Number %% {c)ncloZe an extm{;opy of this erm)A

B2/18/2614 ZJUHAR? BABEGR14 12583889
81 FC:1581 966.88 Op

Page 2 of 4
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5. Change in Entity Status (from status indicated above)

] Applicant cerlifying micro enlity status. Sce 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the visk of application abandonment.

0 Applicant asserting small eniity status. Sec 37 CFR 1.27 NOTE: If the application was previously under micro cntity status, checking this box will be taken
0 be a notification of loss of entitlement to micro entity status.

a Applicant changing to regular undiscounted fec status. NOTE: Checking this box will be taken to be a notification of Loss of cntitlement to small or micro

entily status, as applicable.

NOTE: The Issue Fee and Publication Iee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignec or other party in

intcrest as shown by the records of the United States Patent and Trademark Office.
Authorized Signature % Date February_ /4 , 2014

Typed or printcd name ___I¥} ichael Farjami Registration No. 38135

This collection of information is required by 37 CFR 1.31). 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 CER 1.14. This collection is cstimated (o take 12 minules lo complete, including gathering, preparing, and
submlting the completed application form to the USPTO. Time will vary depending upon the individuz] case. Any comiments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chicf Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 223)3-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required o respond to 2 collection of information unless il displays a valid OMB control number.

Page 3 of 4
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Attorney Docket No.: 0400186

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant(s): Jordan, Sadiki Group Art Unit: 2895
Application Serial No.: 12/583,809 Examiner: Wojciechowicz, Edward
Joseph

Filed: 08/25/2009

Notice of Allowance: November 15, 2013

Title: Refractory Metal Nitride Capped
Electrical Contact and Method for
Fabricating Same

ISSUE FEE

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

Alexandria, VA 22313-1450

Dear Sir/Madam:

Enclosed, please find the completed “Issue Fee Transmittal” form and a “Payment
by Credit Card” form (PTO-2038) in the amount of $960.00 to cover the issue fee. The
drawings filed in the present application have been accepted as formal drawings by the

Examiner.

Page 1 of 3 IR-3429
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Attorney Docket No.: 0400186

COMMENTS ON STATEMENTS OF REASONS FOR ALLOWANCE

The Applicant recognizes that in accordance \;vith M.P.E.P. § 1302.14, the reasons
for allowance provided by the Examiner do not necessarily include all of the reasons why
the claims are allowed. The Applicant does not concede that the stated reasbns for
allowance are the only grounds for patentability of the allowed claims or that any element
excluded from the Examiner’s Reasons for Allowance is taught or suggested by the art of
record.

Further, the Applicant does not concede that all of the elements identified by the

_ Examiner are required to distfnguish the prior art of record or to satisfy the requirements
of 35 U.S.C. § 112. In addition, the Examiner does not assert, and the Applicant would
not agree, that the stated reasons for allowance have any bearing on the patentability of
claims in any other applications.

Each dependent claim stands on its own and is allowable based on its own
elements or in combination with one or more elements recited in its base claim(s). The
combination of elements need not include all of the elements identified in the stated
reasons for allowance.

The Commissioner is hereby authorized to charge the required fee(s), any

deficiency, or credit any overpayment, to Deposit Account Number S0-0731.

Page 2 of 3 IR-3429
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Attorney Docket No.: 0400186

An early issuance of the present application is respectfully requested.

Respectfully Submitted;
FARJAMI & FARJAMI LLP

Dated: _ 2=/ 14 / 14 .
/ Michael Farjami, Esq.

Reg. No. 38,135
FARJAMI & FARJAMI LLP
Attorneys for Applicant

Michael Farjami, Esq.

FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Tel: (949) 282-1000

Fax: (949) 282-1002

CERTIFICATE OF MAILING OR TRANSMISSION

I hereby certify that this correspondence is being deposited

with the United States Postal Service as first class mail in an
cnvelope addressed: Mail Stop Issue Fee, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450, or being facsimile
transmitted to the USPTO at (571) 273-2885, on the date

indicated bclow.

ome 2|14 |11
Diane Arnet—

Name of Person Mailing or Transmitting Paper and/or Fee

Signature

Page 3 of 3 IR-3429
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FARTAMI & FARJAMI r1p

AN INTELLECTUAL PROPERTY LAW FIRM

www.farjami.com

%

FEB 14 200 %

26522 La Alameda Avenue, Suite 360
Mission Viejo, California 92691

tel: (949) 282-1000

fax: (949) 282-1002

7

% &
% W
& rRapen®

FACSIMILE TRANSMISSION COVER SHEET

Date: February ,b‘ ,2014

To: United States Patent and Trademark Office
Examiner: Wojciechowicz, Edward Joseph; Art Unit: 2895

Fax: (571) 273-2885

Re: Application Serial No.: 12/583,809
Filing Date: 08/25/2009; First-Named Inventor: Jordan
Attorney Docket No.: 0400186

From: Farjami & Farjami LLP

Number of pages including the cover sheet: 7

Message:
Enclosed please find the Issue Fee.
Payment in the Amount of $960.00 is hereby enclosed on Form PTO-2038.

Authorization is hereby given to the Commissioner to charge any fees associated with this
communication or credit any overpayment to Deposit Account No. 50-0731.

Thank you.

The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL information intended only for use of the
individual or entity named above. If you are not the intended recipient, disclosure, copying, distribution or use of the contents of this
facsimile information is prohibited. Ifyou have received this facsimile in error, please immediatcly notify us by tekephone and return
the original facsimile to us at the above address via U.S. Postal Service. We will reimburse you for all expenses incurred.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

25700 7590 11/15/2013 I EXAMINER |
FARJAMI & FARJAMI LLP WOICIECHOWICZ, EDWARD JOSEPH
26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691 | ART UNIT PAPER NUMBER |
2895
DATE MAILED: 11/15/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
12/583,809 08/25/2009 Sadiki Jordan 0400186 7180

TITLE OF INVENTION: Refractory metal nitride capped electrical contact and method for frabricating same

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 02/18/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

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

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

25700 7590 117152013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
FARJAMI & FARJAMI LLP S(tiates P%Slal Stﬁrvice vlvith sufficient postage g((i)r first lglass mailbin an ?nvelopie
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
26522 LA ALAMEDA AVENUE, SUITE 360 transmitted to the USPTO (571) 273-2885. on the date indicated below.
MISSION VIEJO, CA 92691
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/583,809 08/25/2009 Sadiki Jordan 0400186 7180
TITLE OF INVENTION: Refractory metal nitride capped electrical contact and method for frabricating same
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 30 $2080 02/18/2014
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
WOJCIECHOWICZ, EDWARD JOSEPH 2895 257-763000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ' . 2
(2) the name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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

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

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

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).
Page 2 of 4
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. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR l 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v: epending 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 e ief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450
Alexandria, Virginia 22313-1450.

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

Page 3 of 4
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
12/583,809 08/25/2009 Sadiki Jordan 0400186 7180
25700 7590 11/15/2013 I EXAMINER |
FARJAMI & FARJAMI LLP WOICIECHOWICZ, EDWARD JOSEPH
26522 LA ALAMEDA AVENUE, SUITE 360
MISSION VIEJO, CA 92691 | ART UNIT PAPER NUMBER |

2895

DATE MAILED: 11/15/2013

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

The Patent Term Adjustment to date is 208 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 208 day(s).

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

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

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

Page 4 of 4
PTOL-85 (Rev. 02/11)
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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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Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December 31, 2013

(Addendum to PTOL-85)
If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before

January 1, 2014, the following information is applicable to this application.

If the issue fee is being timely paid on or after January 1, 2014, the amount due is the issue fee and
publication fee in effect January 1, 2014. On January 1, 2014, the issue fees set forth in 37 CFR 1.18
decrease significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreases to $0.

If an issue fee or publication fee has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amount in effect on January 1, 2014.
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Application No. Applicant(s)
12/583,809 JORDAN, SADIKI

. s i i AlA (First Inventor to
Notice of Allowability Eéw/i%% WOJCIECHOWICZ Qz;gg ™| Fiestas
No

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

1. [X] This communication is responsive to AF amendment filed 10-8-13.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. [X] The allowed claim(s) is/are 1-12 and 21-25. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hitg//www. usplc.gov/patents/init_events/gph/index.jsg or send an inquiry to PPHisedhack@usplo.qoy .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[J Al b)[dSome *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [[] Examiner's Amendment/Comment

2. [J Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [X] Other Replacement copy of the allowed claims.

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

/Edward Wojciechowicz/
Primary Examiner, Art Unit 2895

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20131028-A
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Application/Control Number: 12/583,809 Page 2
Art Unit: 2895

Replacement Copy of Allowed Claims

Because some of the scanned images of the claims submitted with the After Final amendment on

10/08/2013 are illegible in eDAN, a clear copy of the allowed claims is provided below.

Claim 1 (previously presented): An electrical contact for use on a semiconductor
device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer consisting only of a refractory metal nitride, said refractory
metal nitride forming a top of said electrical contact and having a thickness greater than

that of a bottommost layer of said plurality of metal layers.

Claim 2 (original): The electrical contact of claim 1, wherein said capping layer

comprises titanium nitride (TiN).

Claim 3 (original): The electrical contact of claim 1, wherein said capping layer comprises

tantalum nitride (TaN).

Claim 4 (original): The electrical contact of claim 1, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer.

Claim 5 (original): The electrical contact of claim 4, wherein said first metal

layer and said third metal layer of said electrode stack comprise titanium (Ti).
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Application/Control Number: 12/583,809 Page 3
Art Unit: 2895

Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal

layer of said electrode stack further comprises silicon (Si).

Claim 8 (original): The electrical contact of claim 1, wherein said electrical

contact is configured for implementation on a group -V semiconductor device.

Claim 9 (original): The electrical contact of claim 8, wherein said group [lI-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 10 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group lI-V

semiconductor device.

Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate electrode making Schottky contact with said group 111-V semiconductor

device.

Claim 12 (previously presented): The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator layer underlying said first metal
layer of said electrode stack to provide an insulated gate electrode for said group I11-V

semiconductor device.

Claims 13-20 (canceled)
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Application/Control Number: 12/583,809 Page 4
Art Unit: 2895

Claim 21 (previously amended): An electrical contact for use on a group I1I-V
semiconductor device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer consisting only of a metal selected from the group consisting of
titanium nitride (TiN) and tantalum nitride (TaN), said metal forming a top of said
electrical contact and having a thickness greater than that of a bottommost laver of said

plurality of metal layers.

Claim 22 (previously presented): The electrical contact of claim 21, wherein
said group IlI-V semiconductor device comprises a high electron mobility transistor

(HEMT).

Claim 23 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a power electrode making ohmic contact with

said group IlI-V semiconductor device.

Claim 24 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a gate electrode making Schottky contact with

said group llI-V semiconductor device.

Claim 25 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented with a gate insulator layer underlying a first metal
layer of said electrode stack to provide an insulated gate electrode for said group IlI-V

semiconductor device.
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In the Claims:

Claim 1 (previously presented): An electrical contact for use on a semiconductor
device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer consisting only of a refractory metal nitride, said refractory
metal nitride forming a top of said electrical contact and having a thickness greater than

that of a bottommost layer of said plurality of metal layers.

Claim 2 (original): The electrical contact of claim |, wherein said capping layer

comprises titaniun nitride (TiNY.

L A T YO RN L £ - T . R SR RUCAR T A

comprises tantalum nitride (TaN).

Claim 4 (original): The elecirical contact of claim |, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer
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Claim 5 (original): The electrical contact of claim 4, wherein said first metal

layer and said third metal layer of said electrode stack comprise titanium (Ti).

Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal

layer of said electrode stack further comprises silicon (Si).

Clai & (original): The ciectrical comact of claim i wherein said clecivics)

contact s configured for implementation on a group -V semiconducior device.

Claim 9 (original): The clectrical contact of claim &, wherein said group HI-V

SUnhiowiiuauiol WOV LU Culigrlisud wuEad Gl ou O IS U I Waiiomsewl (s il 1 f

Claim 10 (oviginal): The electrical contact of claim 8, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group 11-V

semiconductor device.
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Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate clectrode making Schottky contact with said group I1I-V

semiconductor device.

Claim 12 (previously presented): The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator layer underlying said first metal
layer of said electrode stack to provide an insulated gate electrode for said group HI-V

semiconductor device.

Claipws 13228 (canceled)
v
Claim 21 (previously presented): An clectrical contact for use on a sroup Hi-V

scimiconductor device, said electrical contact com prising:

l [ . e ~ B

o b L el Sl g Y ) sl 1 b wist G Sl Lo LU L
over said plurality of metal layers;

said capping Jayer consisting only of a metal selected from the group consisting of
titanium nitride (TiN) and tantalwn nitride (TaN), said metal forming a top of said
electrical contact and having a thickness greater than that of a bottommost layer of said

plurality of metal layers.
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Claim 22 (previously presented): The electrical contact of claim 21, wherein
said group I1I-V semiconductor device comprises a high electron mobility transistor

(HEMT).

Claim 23 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a power electrode making ohmic contact with

said group I1I-V semiconductor device.

Claim 24 (previously presented): The electrical contact of claim 21, wherein
sand clectrical contacUis nuplemunted qo o saie clectrodo making Sehotthy contact wiih

said group HI-V semiconductor device.

Claim 25 (previousty presented): The elecuical contact of claim 21, wherein
St OlunCan Cunliiiod 1 W pretauioctd verdi G a8 i ndbiiandt 1ay el waalld yildy, o 11t e
layer of said electrode stack to provide an insulated gate electrode for said group 111-V

semiconductor device.
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REMARKS

Prior to the present response, claims 1-12 and 21-25 were pending in the present
application. No claims are amended by the present response. Thus, after the present
response, claims 1-12 and 21-25 remain ’pending in the present application. Applicant
respectfully requests reconsideration and atlowance of pending claims 1-12 and 21-25 in
view of the following remarks. |

At the outset, it is noted that the Final Office Action dated July 8, 2013 has finally
rejected claims 1-12 and 21-25 pending in the present application on the basis of ew
grounds of rejection and newly cited art. Applicant respectfully requests reconsideration
s : v 201

S SR IO W i s P A [N o N o o A PR | R
and withdrawal of the fnality of the rajoction o the O0fice Action dated July 8,20

A good and sufficient reason why the presencresponse is necessary and was not

cinge has been cited i the presen

carlicy presented s that a new ye

July 8, 2015, That new refcrence is ULS Patent Mumber 5,902,129 to Yoshikawa of al

o1

[ RS RRVYE PSR AN

Porsonae lo o wibade W waaltie s s e s e Shaan Wipwao WL tee

Examiner has now relied, Applicant believes that it would be manifestly unfair for the
Patent Office not to withdraw the finality of the present rejection and not to consider
Applicant’s arguments, which are necessitated due to the newly cited reference. As such,
a good and sufficient reason exists, as contemplated by 37 C.F.R. §1.116, for

withdrawing the finality of the present rejection.
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A. Rejection of Claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. §
103(a)

In the Final Office Action dated July 8, 2013 (hereinafter “Office Actio-n”), the
Examiner rejects claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. § 103(a) as being
unpatentable for purported obviousness over U.S. Patent Application Publication Number
2010/0258912 Al by Beach et al. (hereinafter “Beach”) in view of Yoshikawa. See page
2 of the Office Action. For the reasons discussed below, Applicant respectfully submits
that previously presented independent claims 1 and 21 are patentably novel and inventive
over Beach and Yoshikawa, either singly or in combination.

The present application iy divectad, in parr, 1o a ;’,-fB".“'."‘ cost effective relvactory
metal miride capped clectrical contact for implemcniation as an cieetrode on a grouy. Hi-
Vopoweer suiniconductor device. Sees oo, page 3, lines 2-5 of the presont apptication.

Forexample, in one implementation, as shown and deseribed in Fioures 1 and 2 of the

electrode 138, and insulated gate eleéctrode 132, which are disposed on GaN body 110.
See, e.g.. id. at page 7, lines 4-10 with Figure [. As disclosed in the present application,
cach of source clectrode 136, drain electrode 138, and insulated gate electrode 132 may
include electrode stack 120, which has a refractory metal nitride capping layer. /d. As
illustrated in Figure 2, in one implementation, exemplary electrode stack 220 includes a
plurality of metal layers, such as first titanium (Ti) layer 222, aluminum (Al) layer 224

and second titanium (Ti) layer 226, and titanium nitride (TiN) capping layer 228. Id.,

D yae
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e.g., at hines 16-22 with Figure 2. As further shown in Figure 2, TiN capping layer 228
and first titanium (T1i) Jayer 222 respectively form the topmost and bottommost layers of
exemp-lary electrode contact 220. /d.

For example, in one implementation, as shown and described in Figure 3 of the
present application, exemplary flowchait 300 “describes the steps [...] of a method for
fabricating a refractory metal nitride capped electrical contact.” See, e.g., id. at page 8,
lines 19-21 with Figure 3. As illustrated in Figure 3, step 310 includes “forming first Ti
laver 222 of electiode stack 120 over GaN body 110 formed over substrate 102, where

“first Ti Yayer 222 is formed to a thickness of approximately 100 A, plus or minus

approximately ton percont (87 10%Y See. coon 2o pace 90 Hnes 9-13 with Tim

aidd 3. adter forming Al layer 224 and second 11 layer 226 ave renpectively formed in

fe]

steps 300 and 330, stern 340 meludes “depesitin: biased reactive Vit cau i iaver 728
: i o &4 1 J

vver sceond Tidayer 2267 Secocogn i atpege 120 Haes 3221 with Figure 3. As
G301 ey vl B ooty TE I Ve e Roa e ma o i b b oGt
comparable to that of second Ti layer 226.” See, e.g., i?/. at page | I, lines 7-10 with
Figure 2. “For example, TiN capping layer 228 may be formed to a thickness of
approximately 600 A, plus or minus approximately ten percent (+/=10%}).” /d.
Thereafter, plasma etching and annealing are performed in steps 350 and 360,

respectively, to form electrode stack 120. /d., e.g., at lines 14-20 with Figure 3. Thus,

among other advantages, a novel refractory metal nitride capped electrical contact, such

l?'agc 8
1R-3429
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as electrode stack 120 described above, can be cost effective at the same time maintain
desirable SCLR values. See, e.g., id. at page 12, lines 1-3.

Previously presented independent claim 1 recites, in part, “said refractory meté]
nitride forming a top of said clectrical contact and having a thickness greater than that of
a bottommost fayer of said plurality of metal layers.” See claim 1 above. Previously
presented independent claim 21 contains features similar to those in previously presented
independent claim 1. See claim 21 above.

Turning to Beach, Beach describes a specific *GaN wransistor device with a Mg
growth interruption layer to trap excess or residual dopants.” See page 1, paragraph
FO015] of Beach, As depicted in Figure 2 of Beach, vhimic conmct matals :’%.’: and 37 nnd

zaic structure 38 ars disposed on barrier laver 35, Sce i, at oune 2. paravranh 10016
< - i <O 7 L] } L

PR oo Y EY b e e v e P Y T & AN P O PR 1T .
WL L I0se o Beacii descithas growing gate struciure 38 over burrier waves 350 700 cgl
5 - wooa b [T B i RN 2 Do byt
al pacagiapn [‘\,(H R 2. Beach staies:
: 3 S el N . A <z ~
AL e b e DO aidy e vlinpdola s 1oLy NG S aut i ey T

contact such as tantalum (Ta), titanium (T1), titanium nitride (TiN), tungsten
(W), or tungsten silicide (WSi2). The gate structure can be simple metal,
such as Ni under Au, or a semiconductor with metal such as GaN under
TiN, or a semiconductor under insulator under metal such as GaN under
SIN under TiN. Jd. [...] Next, gate structure 38 is eiched in other regions
of the device and ohmic contacts 36, 37 are produced. Jd.

Beach describes forming ohmic contacts 36 and 37 after the formation of gate structure
38. “Obmic contact metals 36 and 37 may be composed of titanium {Ti) and aluminum
(Al) with a capping metal such as Nickel (Ni) and gold (Au) or titanium (Ti) and titanium

nitride (TiN).” Jd. Beach does not explicitly describe, for example, contact metals 36 and

Page 9
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37 include titanium nitride as the topmost layer. Consequently, Applicant respectfully
maintains that Beach does not disclose, teach or suggest, at least, “an electrode stack
including a plurality of metal layers and a capping layer formed over said plurality of
metal Jayers; said capping layer consisting only of a refractory metal nitride,” as recited in
previously presénted independent claim | of the present application,

In the Office Action, the Examiner implicitly concedes that Beach does not
disclose or suggest, for example, “said refractofy metal nitride forming a top of said
clectrical contact and having a thickness greater than that of a bottommost laver of said
plurality of metal layers,” as recited in previously presented independent claim | of the
present ppplicaiion. Secpaye 2 of the Qffice Action. inan attermipt o care e

gests combining Beach with

¢
oo

acknowledged deflciency o Beach, the Examiner su

e D asseris:

Yoshikawa Forms o mudti-level contact steucture that also complives o
ttanium nitride capping laver. While Yoshikawa discloses several different
and the uppermost titanium nitride layer, one particular embodiment
includes the relationship where the upper titanium nitride layer may have a
greater thickness than the bottommost layer of the plurality of metal Jayers,
as claimed by applicant.

g lieatond e e DGdavG Uidiodivoone O diC GlodCriYaly LIuti. i,

For example, as succinctly described in the claims of the Yoshikawa
reference, one disclosed embodiment may include a cobalt layer over the
semiconductor region, followed by a titanium layer over the cobalt, and
finally a titanium nitride capping layer over the titanium layer.

Among the available combinations, Yoshikawa teaches that the
cobalt layer may have a thickness of 30 Angstroms (claim 7), the titanium
fayer may be 10 Angstroms (claim 9) and the upper titanium nitride capping
layer may be as much as 50 Angstroms thick (claim 12). See id. at pages 2-
3.

Page 10
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Applicant respectfully disagrees with the Examiner’s assertions above,

Turning to Yoshikawa, Yoshikawa describes a specific method of forming a cobalt
silicide (CoSiy) contact over an integrated circuit structure. See column 1, lines 9-12 of
Yoshikawa. With reference to Figure 2, Yoshikawa provides:

a layer of cobalt 20 is first deposited over the MOS device

{regardless of whether the MOS device is an NMOS device, as illustrated or

a PMOS device), and in particular over the exposed upper surfaces of

polysilicon gate electrode 12 and silicon source/drain regions 4 and 6 of the-

MOS device. Titanium layer 30 is then deposited over cobalt layer 20, and

titaniw nitride laver 40 3¢ then deposited over titanium layer 30, See id. al

column 4, lines 3-10 with Fgiure 2.

As depicted in FFgiure 2, cobalt tayer 20, titanium layer 30 and titanium nitride layer 40
are deposited over the silicon surfaces of source/drain reglons 4 and 6 and the wr «urface
of polysiticon gate electrade 12, /. at hines 1114 with Faiure 2. Yoshikawa then
describes carrying out a first annealing step so that “cobalt layer 20 directly in contact
with silicon substraie source/drain regions 4 and & and polysilicon gate electrode 12 reacts
with the silicon to form cobalt silicide portions 22 over gate electrode 12 and cobalt
silicide pottions 24 and 26 respectively above source/drain regions 4 and 6 of silicon

substrate 2.7 See id. at column 3, lines 48-54 with Figure 3.

Yoshikawa further provides:

After the initial annealing step to form cobalt silicide portions 22, 24,
and 26, all titanium-containing materials and/or compounds derived
from capping layers 30 and 40 (including unreacted titanium etal)
and all other cobalt-containing materials (including unreacted cobalt
and, for example, cobalt oxynitride) may be removed using, for
example, appropriate wet etchants for the respective materials, leaving

Page 11
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only cobalt silicide portions 22, 24, and 26. /d. at lines 55-63 (emphasis
added by Applicant).

After the removal of all titanium and titaniuin-containing materials, Yoshikawa describes
using a second anneal step to form a high temperature cobalt silicide. See id. at column 5,
line 66 through column 6, line 14. Yoshikawa states:

The reason for using two anneals at two different temperatures, with an
intervening removal of the above-discussed materials after the first
anneal at the lower temperature, is to permit the selective formation,
during the first lower temperature anneal, of cobalt silicide only over the
exposed silicon source/drain regions of the substrate and over the exposed
polvsilicon pafe electrade. This. in turm eliminates the need for separate
masking and mask removal steps during the initial formation of the cobalt
silicide. See id. at column 6, lines 15-23 (emphasis added by Apphicant).

Apnhicant respectfully assorts that Yoabikawa merely desoribes forming titaniam

Tayer 30 and titanium mitrde layer 40 ovor cobali fay

v 20 as anintermediate step durin«c‘;~
e formation of a colalt stherde cver an infogreted Cicuit srucire . oshiba
expressly requures removing “ul titanimm-containing waterials and/or componnds
WEIVEU Droiu CaPPing Ay S So tald wu atled Hie sy 10 (Gperaiure amical step.

As depicted in Fgiure 4 of Yoshikawa, after the second high temperature anneal
step, only cobalt silicide (CoSi2) segments 32, 34, and 36 respectively formed over
polysilicon gate electrode 12 and over source/drain régions 4 and 6 in silicon substrate 2.
/d. at lines 34-39. Thus, Applicant respectfully asserts that Yoshikawa does not disclose,

teach or suggest, for example,

an electrode stack including a plurality of metal layers and a
capping layer formed over said plurality of metal layers;
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said capping layer consisting only of a refractory metal nitride,

said refractory metal nitride forming a top of said electrical contact

and having a thickness greater than that of a bottommost layer of said

plurality of metal layers. See independent claim | above.

For the foregoing reasons, Applicant respectfully submits that previously presented
independent claims | and 21 are neither anticipated by, nor are obvious in light of, the
disclosures provided by Beach and Yoshikawa, either singly or in combination. Thus,
independent claims | and 21 are patentably novel and inventive over Beach. As such,
clanms 2, 4-10 and 12 depending from and further limiting patentable independent claim
I and claims 22, 23 and 25 depending from and further limiting patentable independent
claim 21, are, a fortiori, also patentably distinguishable over Beach and Yoshikawa for at

least the reasens presented above, and also for the additional imitations contained i each

dependent claim.

B, Rejection of Claims 3, T and 24 under 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 3, ]»l and 24 under 35 U.S.C. §
103(a) as being unpatentable for purported obviousness over Beach in view of U.S. Patent
Application Publication Number 2006/0027840 A1 by Walter Anthony Wohlmuth
(hereinafter “Wohlmuth™) and Yoshikawa. See page 3 of the Office Action. However, as
discussed above, independent claims | and 21 are patentably distinguishable over Beach
and Yoshikawa. As such, claims 3 and 11 depending from and further limiting patentable

claim I, and claim 24 depending from and further limiting patentable claim 21, are, «

Jortiori, also patentably distinguishable over Beach and Yoshikawa, and Beach and
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Yoshikawa in combination with any other cited reference, such as Wohlmuth, for at least
the reasons presented above, and also for the additional limitations contained in each

dependent claim.

C.  Rejection of Claims 1-12 and 21-25 under 35 U.S.C. § 103(a)

in the Office Action, the Examiner rejects claims 1-12 and 21-25 under 35 U.S.C.
§ 103(a) as being unpatentable for purported obviousness over Beach in view of
Yoshikawa. Wohlmuth and U.S. Patent Application Publication Number 2009/0309228
Al by Fang ctal. (hereinafter “Fang™). See page 3 of the Office Action. However, as
discussed above. independent claims | and 21 are pat‘entab.ly distinguishable cver Beach
and Woshilanwa, As such, claims 2-12 depending from and furiher Hmiting patentable
el Foand elaims 22225 depending froms and Turther Bimiting poroniable dlaim 21, are, «

2

Joriiori, also patentably distinguishable over Beach and Yoshikawa, and Beach and
- LI . R caad - UE L PR PRSI R Y e Ty
Qi woadb voadGand AL v e dady W LI TBG LSl e cn, e O o nd Gild,

for at least the reasons presented above, and also for the additional limitations contained

in ecach dependent claim.

D. Conclusion
Based on the foregoing reasons, Applicant respectfully submits that independent

claims | and 21, and claims depending therefrom, are patentably novel and inventive.

Page 14
IR-3429

PAGE 15/16 * RCVD AT 10/8/2013 8:45:28 PM [Eastern Daylight Time] * SVR:W-PTOFAX-002/42 * DNIS:2738300 * CSID:949 282 1002 * DURATION (mm-ss):05-50

Page 45 of 186



Best Available Copy RECt:'u ViL

10/08/2013 TUE 18:34 FAX 949 282 1002 FARJAMI & FARJAMI LLP --- USPRENTRALFAXCENTBF  go16/016

| OCT 08 2013

Attorney Docketl No.: 0400186

Thus, for all of the reasons presented above, Applicant respectfully requests an early
allowance of claims 1-12 and 21-25 pending in the present application.
The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
Respectfully Submitted,
FARIAMI & FARJAMI LLP
/) a
Date: /f’ ‘)_,L/ > 7 .

Michael Fagami. Esq.
Reg. No. 38135
ARV & FARIANT LILP
76522 La Alameda Ave., Suite 380

o .s_m'.\i")i \-i\i]ll \Llil{Ux lih‘ ‘))(.‘;,‘,
Telephone: (‘)4‘)) 282-1000
Facsinile: o Gy 2821002

et

CERTIFICATI. QF FACSIMILE TRANSMISSION

1 hereby certily that this correspondence is heing filed by
facsimile transmission fo United States Patent and

Trademark Oflice at facsimile number §71-273-8300 on the
date stated below, The facsimile ransmission report indicined
that ihe facsimile ransmission was suceessiul,

Date of Facsimile: \O‘ g ! \&
Dione, Arned

Name of Person Performing Facsimile Transmission

Muane vt 10[3]12,

mnalu:c Date
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FACSIMILE TRANSMISSION COVER SHEET

Date: October 8, 2013

To: United States Patent and Trademark Office
Examiner: Wojciechowicz, Edward Joseph; Art Unit: 2895

Fax (571) 273-8300
Re: - Application Serial No.: 12/583,809

Filing Date: 08/25/2009; First-Named Inventor: Jordan
Atterney Docket No.: 0400186

From: « Fayjemi & Fayjami LLP

INGINDSE O Bayes incivaing UIe cover sneet: 16

Message:

Enclosed please find the Response to Final Office Action dated July 8, 2013,

Authorization is hereby given to the Commissioner to charge any fees associated with this
communication or credit any overpayment to Deposit Account 50-0731.

Thank you.

‘The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL information intended onty for use of the
individual or entity named above. [fyou are not the intended recipient, disclosure, copying, distribution or use of the contents of this
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Office Action Summary Examiner Art Unit AA (First Inventor to File)
EDWARD WOJCIECHOWICZ 2895 SN‘Z‘“S

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)X Responsive to communication(s) filed on 17 April 2013.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5[ Claim(s) 1-12 and 21-25 is/are pending in the application.

5a) Of the above claim(s) ___is/are withdrawn from consideration.
6)[1 Claim(s) is/are allowed.
7)X Claim(s) 1-12 and 21-25 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)J Some * ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08) 4 |:| Other-
Paper No(s)/Mail Date ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 05-13) Office Action Summary Part of Paper No./Mail Date 20130630
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DETAILED ACTION

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

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 1, 2, 4-10, 12, 21-23 and 25 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Beach et al (2010/0258912) in view of Yoshikawa et al (5,902,129). Beach teaches the basic
structural features of the claimed invention, for example, as described in [0017]. These include metal
contacts (36) and (37) used in a lll-V compound semiconductor such as a HEMT device, where the multi-
layered contact may comprise a first titanium layer, an aluminum layer, and additional “capping” layers
such as a third layer of titanium and a layer of titanium nitride, as claimed. In addition, Beach allows for
the inclusion of silicon layers in the contact stack and an insulator layer formed beneath the first metal
layer when the multi-layered structure is used as a gate stack.

Applicant has amended the independent claims to recite that the capping layer has a thickness
greater than the bottommost layer of the plurality of metal layers. This feature is taught by Yoshikawa.
Yoshikawa forms a multi-level contact structure that also comprises a titanium nitride capping layer. While
Yoshikawa discloses several different configurations for the relative thicknesses of the underlying metal
layers and the uppermost titanium nitride layer, one particular embodiment includes the relationship
where the upper titanium nitride layer may have a greater thickness than the bottommost layer of the
plurality of metal layers, as claimed by applicant.

For example, as succinctly described in the claims of the Yoshikawa reference, one disclosed
embodiment may include a cobalt layer over the semiconductor region, followed by a titanium layer over

the cobalt, and finally a titanium nitride capping layer over the titanium layer.
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Among the available combinations, Yoshikawa teaches that the cobalt layer may have a
thickness of 30 Angstroms (claim 7), the titanium layer may be 10 Angstroms (claim 9) and the upper
titanium nitride capping layer may be as much as 50 Angstroms thick (claim 12).

Given that Yoshikawa allows for a wide range in the thicknesses of the metal layers and capping
layer, one skilled in the art, when constructing the Beach structure, would be motivated to incorporate
Yoshikawa’s teaching and configurations where the titanium capping layer has a greater thickness than

the lowest metal layer, in in order to determine the best configuration to enhance device stability.

Claims 3, 11 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Beach et al
(2010/0258912) in view of Wohimuth (2006/0027840) and Yoshikawa et al (5,902,129).

While Beach teaches the main features of the claimed invention, this reference does not
explicitly discuss using a tantalum nitride capping layer or the use of a Schottky gate configuration.
However, these features are taught by Wohimuth which also forms multi-layered contact arrangements
similar to Beach. See, by way of representative example only, the discussion at [0028] and [0063] in
Wohlmuth.

As discussed above, the advantages of forming the refractory metal capping layer to be thicker
than the bottommost metal layer is taught by Yoshikawa and would be equally applicable to those
configurations that use alternate refractory metal nitrides, such as tantalum nitride in lieu of titanium
nitride.

One skilled in the art would be motivated to incorporate these features of Wohimuth and
Yoshikawa into the device of beach because Beach already forms multi-layered contacts using similar

materials, and these electrode stacks would also be applicable for use in Schottky devices.

Claims 1-12 and 21-25 are further rejected under 35 U.S.C. 103(a) as being unpatentable over
Beach et al in view of Yoshikawa et al (5,902,129), Wohimuth and Fang et al (2009/0309228)
In order to obviate any dispute as to whether Beach teaches using a capping layer that consists

solely of a refractory nitride, the reference to Fang has been added to provide a more explicit teaching of
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the well-known use of both TiN and TaN as capping layers for electrode stacks. See, as a representative
example only, FIG. 3 of Fang, and the discussion in [0038] through [0041], where Fang describes regions
12 and 14 as comprising gate stacks that may include a plurality of metal layers, and the subsequent
deposition of a TiN or TaN capping layer over metal layer 20.

In addition, as discussed above, Yoshikawa also provides an explicit teaching of using a titanium
nitride capping layer (col. 2, I. 39).

One skilled in the art would be motivated to combine the teachings of Fang, Yoshikawa and
Wohimuth with Beach, since the use of TiN and TaN capping layers is recognized as stabilizing electrode
stacks such as found in Beach.

Additional Comments

Beach’s complete teaching and overall disclosure, as discussed, for example, in paragraph
[0017], does describe electrode stacks that meet the claimed limitations. As one example Beach
describes a gate stack that comprises “... a semiconductor under insulator under metal such as GaN
under SiN under TiN”. Therefore, Beach does teach a multi-layered gate stack (i.e. an electrode stack)
that can have multiple metal layers and an upper titanium nitride cap layer, as claimed.

Furthermore, it is clear from Beach’s description in [0017] that Beach is describing a capping
layer consisting of only TiN which is formed over a separate layer of Ti. This is consistent with Beach’s
description earlier in paragraph [0017] which describes a top layer TiN. It should be noted, that any
electrode stack having a top layer of TiN over underlying metal layers would meet the claim limitations,

regardless of whether the upper TiN layer is described as a capping layer.

Applicant's amendment necessitated the new ground(s) of rejection presented in this Office
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicantis reminded of
the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date

of this final action and the advisory action is not mailed until after the end of the THREE-MONTH
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shortened statutory period, then the shortened statutory period will expire on the date the advisory action
is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later than SIX

MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to EDWARD WOJCIECHOWICZ whose telephone number is (571)272-1739. The examiner
can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Drew Richards can be reached on (571) 272-1736. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

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

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.
/Edward Wojciechowicz/ Edward Wojciechowicz
Primary Examiner, Art Unit 2895 Primary Examiner
Art Unit 2895
EW: ew
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RECEIVED
CENTRAL FAX CENTER

APR 17 2083

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No.: 0400186

In re Application of: Jordan, Sadiki Art Unit: 2895
Serial No.: 12/583,809 Examiner: Wojciechowicz, Edward
Joseph

Filed: 08/25/2009

‘For: Refractory Metal Nitride Capped
Electrical Contact and Method For
Fabricating Same

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir/Madam:

This is in response to the Non-Final Office Action datéd January 17, 2013 in the
ébove—referencéd patent application. Please enter and consider the following
amendments and remarks.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
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RECEIVED
CENTRAL FAX CENTER

"APR 17 2083

Attorney Docket No.: 0400186

In the Claims:

Claim 1 (currently amended): An electrical contact for use on a semiconductor
device, said electrical contact comprising: |

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality (;f metal layers;

said capping layer consisting only of a refractory metal nitride, said refractory

metal nitride forming a top of said electrical contact and having a thickness greater than

that of a bottommost layer of said plurality of metal lavers.

Claim 2 (original): The electrical contact of claim [, wherein said capping layer

comprises titanium nitride (TiN).

Claim 3 (original): The electrical contact of claim 1, wherein said capping layer

comprises tantalum nitride (TaN).

Claim 4 (original): The electrical contact of claim 1, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer
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Claim S (original): The electrical contact of claim 4, wherein said first metal

layer and said third metal layer of said electrode stack comprise titanium (Ti).

Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal
' layer of said electrode stack further comprises silicon (Si).
Claim 8 (original): The electrical contact of claim 1, wherein said electrical

contact is configured for implementation on a group III-V semiconductor device.

Claim 9 (original): The electrical contact of claim 8, wherein said group III-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 10 (original): The electrical contact of claim 8, wherein said electrical

contact is implemented as a power electrode making ohmic contact with said group l1I-V

semiconductor device.
+
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Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate electrode making Schottky contact with said group III-V

semiconductor device.

Claim 12 (previously presented): The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator layer underlying said first metal
layer of said electrode stack to provide an insulated gate electrode for said group 1I1-v

semiconductor devicé.
Claims 13-20 (canceled)

Claim 21 (currently amended): An electrical contact for use on a group III-V
semiconductor device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer consisting only of a metal selected from the group consisting of
titanium nitride (TiN) and tantalum nitride (TaN), said metal forming a top of said

electrical contact and having a thickness greater than that of a bottommost layer of said

plurality of metal layers.
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Claim 22 (previously presented): The electrical contact of claim 21, wherein
said group III-V semiconductor device comprises a high electron mobility transistor

(HEMT).
Claim 23 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a power electrode making ohmic contact with

said group III-V semiconductor device.

Claim 24 (previously presented): The electrical contact of claim 21, wherein

said electrical contact is implemented as a gate electrode making Schottky contact with

said group I1I-V semiconductor device.

Claim 25 (previously presented): The electrical contact of claim 21 , wherein

said electrical contact is implemented with a gate insulator layer underlying a first metal

layer of said electrode stack to provide an insulated gate electrode for said group III-V

semiconductor device.
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REMARKS
Prior to the present amendment and response, claims 1-12 and 21-25 were pending
in the present application. By the present amendment and response, Applicant has
amended cl.aims 1 and 21. Thus, after the present amendment and response, claims 1-12
and 21-25 remain pending in the.present application. Applicant respectfully requests
reconsideration and allowance of claims 1-12 and 21-25 in view of the above

amendments and the following remarks.

A. Rejection of Claims 1,2.4-10, 12, 21-23 and 25 under 35 U.S.C. §

102(b)

In the Non-Final Office Action dated January 17, 2013 (hereinafter “Office
Action™), the Examiner rejects claims 1, 2, 4-l'0, 12, 21-23 and 25 under 35 U.S.C. §
102(b) as being unpatentable f;o_r purported anticipation by U.S. Patent Application
Publication Number 2010/0258912 A1l by Beach et al. (hereinafter “Beach”). See page 2
of the Office Action. For the reasons discussed below, Applicant respectfully submits
that amended independent claims 1 and 21 are patentably novel and inventive over Beach.

As disclosedAin the present application, “Ill-nitride power semiconductor device
fabrication typically includes forming electrical contacts, such as ohmic source/drain
contacts, having a low Specific Linear Contact Resistivity (SCLR).” See, é.g., page 1,
line 21 through page 2, line 1 of the present application. “Conventional approaches to

implementing electrical contacts displaying suitably low SCLR values on IlI-nitride
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devices have utilized aluminum as part of an electrode stack, and a noble metal, such as
gold to form a capping layer of the stack.” See, €.g., id. at page 2, lines 1-4. Despite its
favorable contribution to desirable SCLR values, the cbnventional approach to using gold
as a capping layer for electrical contacts formed on Ill-nitride power semiconductor
devices is costly and has a propensity to contaminate a silicon fabrication process flow.
Id,eg.,at }ines 6-11.

The present application is directed, in part, to a novel cost effective refractory
metal nitride capped electrical contact for implementation as an electrode on a group III-
V power semiconductor device. See, e.g., id. at page 5, lines 2-5. For example, in one
implementation, as shown and descrvibed in Figures 1 and 2 of the present application,
exemplary structure 100 includes source electrode 136, drain electrode 138, and insulated
gate electrode 132, which are disposed on GaN body 110. See, e.g., id. at page 7, lines 4-
10 with Figure 1. As disclosed in the present application, each of source electrode 136,
drain electrode 138, and insulated gate electrode 132 may include electrode stack 120,
which has a refractory metal nitride capping layer. /d. As illustrated in Figure 2, in one
implementation, exemplary electrode stack 220 includes a plurality of metal layers, such
as first titaniumn (Ti) layer 222, aluminum (Al) layer 224 and second titanium (T1) layer
226, and titanium nitride (TiN) capping layer 228. Id., e.g., at lines 16-22 with Figure 2.
As further shown in Figure 2, TiN capping layer 228 and first titanium (Ti) layer 222
respectively form the topmost and bottommost layers of exemplary electrode contact 220.

1d.
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For example, in one implementation, as shown and described in Figure 3 of the
present application, exemplary flowchart 300 “describes the steps [...] of a method for
fabricating a refractory metal nitride capped electrical contaci.” See, e.g., id. at page 8,
lines 19-21 with Figure 3. As illustrated in Figure 3, step 310 includes “forming first Ti
layer 222 of electrode stack 120 over GaN body 110 formed over substrate 102,” where
“first Ti layer 222 is formed to a thickness of approximately 100 A, plus or minus
approximately ten percent (+/=10%).” See, e.g., id. at page 9, lines 6-13 with iiigures 2
and 3. After forming Al layer 224 and second Ti layer 226 are respectively formed in
steps 320 and 330, step 340 includes “depositing biased reactive TiN capping layer 228
over second Ti layer 226.” See? e.g., id. at page 10, lines 3-21 with Figure 3. As
disclosed in the present application, “TiN capping layer 228 is formed to a thickness
comparable to that of second Ti layer 226.” See, e.g., id. at page 11, lines 7-10 with
Figure 2. “For example, TiN capping layer 228 may be formed to a thickness of
approximately 600 A, plus or minus approximately ten percent (+/—10%).” Id.
Thereafter, plasma etching and annealing are performed .in steps 350 and 360,
respectively, to form electro stack 120. [d., e.g., at lines 14-20 with Figure 3. Thus,
among other advanta_lges, a novel refractory metal nitride capped electrical contact, such
as electro stack 120 described above, can be cost effective at the same time maintain
desirable SCLR values. See, e.g., id. at page 12, lines 1-3.

By the present amendment and response, Applicant has amended indepe;ldent

claim 1 to emphasize similar aforementioned advantageous features by reciting, in part,
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“said refractory metal nitride forming a top of said electrical contact and having a
thickness greater than that of a bottommost layer of said plurality of metal layers.” See
claim 1 above. Support for amended independent claim 1 can be found at least in page 9,
lines 6-13, page 11, lines 7-10, and Figure 2 of the present application. Amended
independent claim 21 contains features similar to those in amended independent claim 1.
See claim 21 above.

In the Office Action, the Examiner asserts that Beach discloses various features as
recited in independent claims 1 and 21. See page 2 of the Office Action. In the Response
to Applicant’s Amendments and Arguments section of the Office Action, the Examiner
further asserts:

Beach’s complete teaching and overall disclosure, as

discussed, for example, in paragraph [0017], does describe electrode

stacks that meet the claimed limitations. As one example Beach

describes a gate stack that comprises “... a semiconductor under

insulator under metal such as GaN under SiN under TiN”.

Therefore, Beach does teach a multi-layered gate stack (i.e. an

electrode stack) that can have multiple metal layers and an upper

titanium nitride cap layer, as claimed. See id. at page 3.

Turning to Beach, Beach describes a specific “GaN transistor device with a Mg
growth interruption layer to trap excess or residual dopants.” See page 1, paragraph
[0015] of Beach. As depicted in Figure 2 of Beach, ohmic contact metals 36 and 37 and
gate structure 38 are disposed on barrier layer 35. See id. at page 2, paragraph [0016]
with Figure 2. Beach very generically describes that ohmic contact metals 36 and 37

“may be composed of titanium (Ti) and aluminum (Al) with a capping metal such as

Nickel (Ni) and gold (Au) or titanium (Ti) and titanium nitride (TiN).” Id.
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Applicant respectfully maintains that Beach does not disclose or suggest, for
exampie, “an electrode stack including a plurality of metal layers and a capping layer
formed over said plurality of metal layers; said capping layer consisting only of a
refractory metal nitride,” as recited in previously unamended independent claim 1 of the
present app'lication. Moreover, even assuming, ad arguendo, that the Examiner’s
assertions above are proper, Applicant respectfully asserts tilat' nowhere does Beach
disclose or suggest, for example, “said refractory metal nitride forming a top of said
electrical contact and having a thickness greater than that of a bottommost layer of said
plurality of 1r;et;al layers,” as recited in amended independent claim 1 of the present
application.

For the foregoing reasons, Applicant respectfully submits that amended
independent claims 1 and 21 are neither anticipated by, nor are obvious in light of, the
disclosure provided by Beach. Thus, independent claims 1 and 21 are patentably novel
and inventive over Beach. As such, claims 2, 4-10 and 12 depending from and further
limiting patentable independent claim 1, and claims 22, 23 and 25 depending from and
further limiting patentable independent claim 21, are, a fortiori, also patentably

distinguishable over Beach for at least the reasons presented above, and also for the

additional limitations contained in each dependent claim.
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B. Rejection of Claims 3, 11 and 24 under 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 3, 11 and 24 under 35 U.S.C. §

Attorney Docket No.: 0400186

103(a) as being unpatentable for purported obviousness over Beach in view of U.S. Patent

Application Publication Number 2006/0027840 A1 by Walter Anthony Wohimuth
(hereinafter “Wohlmuth”). See page 2 of the Office Action. However, as discussed
above, amended independent claims 1 and 21 are patentably distinguishable over Beach.
As such, claims 3 and 11 depending from and further limiting patentable claim 1, and
claim 24 depending from and further limiting patentable claim 21, are, a fortiori, also
patentably distinguishable over Beach, and Beach in combination with any other cited
reference, such as Wohlmuth, for at least the reasons presented above, and also for the

additional limitations contained in each dependent claim.

C. Rejection of Claims 1-12 and 21-25 under 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 1-12 and 21-25 under 35 U.S.C.
§ 103(a) as being unpatentable for purported obviousness over Beach in view of
Wohlmuth and U.S. Patent Application Publication Number 2009/0309228 Al by Fang et
al. (hereinafter “Fang”). See page 3 of the Office Action. However, as discussed above,
amended independent claims | and 21 are patentably distinguishable over Beach. As
such, claims 2-12 depending from and further limiting patentable claim 1, and claims 22-
25 depending from and further limiting patentable claim 21, are, a fortiori, also

patentably distinguishable over Beach, and Beach in combination with any other cited
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reference, such as Wohlmuth and Fang, for at least the reasons presented above, and also

for the additional limitations contained in each dependent claim.

D. Conclusion

Based on the foregoing reasons, Applicant respectfully submits that independent
claims 1 and 21, and claims depending‘ therefrom, are patentably novel and inventive.
Moreover, Applicant asserts that no new matter has been introduced herein. Thus, for all
of the reasons presented above, Applicant respectfully requésts an early allowance of

claims 1-12 and 21-25 pending in the present application.
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The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

’

50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

“~

x

—
Date: L/Z /7[ /Z
Michael Farjami, Esq.

Reg. No. 38,135

FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

CERTIFICATE QF FACSIMILE TRANSMISSION

I hereby centify that this correspondence is being filed by
facsimile transmission to United States Patent and

Trademark Office at facsimile number 571-273-8300 on the
date stated below. The facsimile transmission report indicated
that the facsimile transmission was successful.

Date of Facsimilc: 4 l \? LZO 13

Counl Bioded

Name of Person Performing Facsimile Transmission

é@é@é{ 4133

Signature Date

Page 13
IR-3429

PAGE 14/14 * RCVD AT 4/17/2013 7:00:25 PM [Eastern Daytight Time] * SVR:W-PTOFAX-002/41 * DNIS:27338300 * CSID:948 282 1002 * DURATION (mm-55):04-58

Page 68 of 186

@o14/014



04/37/2013 WED 16:42 FAX 949 282 1002 FARJAMI & FARJAMI LLP ---» USPTO [dhoo1/014

FARIAMI & FARJAMI 1P

"AN INTELLECTUAL PROPERTY Law FIRMRECE'VED
www.fa rjami.ggm;rRALFAX CENTER

"APR 17 2013

26522 La Alameda Avenue, Suite 360
Mission Viejo, California 92691

tel: (949) 282-1000

fax: (949) 282-1002

FACSIMILE TRANSMISSION COVER SHEET

Date: April (7 ,2013
To: United States Patent and Trademark Office
Examiner: Wojciechowicz, Edward Joseph; Art Unit: 2895
Fax: (571) 273-8300
Re: Application Serial No.: 12/583,809
Filing Date: 08/25/2009; First-Named Inventor: Jordan
Attorney Docket No.: 0400186
From: Farjami & Farjami LLP

Number of pages including the cover sheet: 14

Message:

Enclosed please find the Amendment and Response to Non-Final Office Action dated
January 17, 2013.

Authorization is hereby given to the Commissioner to charge any fees associated with this
communication or credit any overpayment to Deposit Account 50-0731.

Thank you.

The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL infonnation intended only foruse of the
individual or entity named above. Ifyou are not the intcnded recipient, disclosure, copying, distribution or use of the contents of this
facsimile information is prohibited. Ifyou have received this facsimile in error, please immediately notify us by telephone and retumn
the original facsimile to us at the above address via U.S. Pastal Service. We will reimburse you for all expenses incurred.

PAGE 1/14 * RCVD AT 4/17/2013 7:00:25 PM [Eastern Daylight Time} * SVR:W-PTOFAX-002/41 * DNIS:2738300 * CSID:949 282 1002 * DURATION (mm-55):04-56

Page 69 of 186

R——




PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:

/TERRY MALLOY/

PATENT APPLICATION FEE DETERMINATION RECORD | Applcation or Docket Number | Filing Date
Substitute for Form PTO-875 12/583,809 08/25/2009 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A N/A
| ____(STCFR1.16(a). (b) or (c))
[ searcH Fee N/A N/A N/A N/A
| (37CFR1.16(k (). or (m))
[0 EXaMINATION FEE
(37 GFR 1.16(0). (o), or (a) N/A N/A N/A N/A
TOTAL CLAWS I - onfxs -
INDEPENDENT CLAIMS . N _ _
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
n sheets of paper, the application size fee due
ASF;PCI’_’lgﬁﬂISN SIZE FEE is $250 ($125 for small entity) for each
( 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[C] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— 04/17/2013 AFTER PREVIOUSLY EXTRA RATE (8 FEE ($) RATE (%) FEE ($)
E AMENDMENT PAID FOR
s ;I'?;(?)\) (37 CFR 17 Minus | = 20 -0 Xs$ = OR | X $80= 0
(@]
4 T B mins | -3 -0 Xs__- OR § X S0 0
<§( l:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
“TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | Fee (g RATE($) FEE (9)
— AMENDMENT PAID FOR
E T?e‘(?)‘) (37 CFR . Minus | * - Xs = oR Ixs =
S E inus | - - X8 oRpxs -
E I:I Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Page 70 of 186



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/583,809 08/25/2009 Sadiki Jordan 0400186 7180
25700 7590 01/17/2013
EXAMINER
FARJAMI & FARJAMI LLP | |
26522 LA ALAMEDA AVENUE, SUITE 360 WOJCIECHOWICZ, EDWARD JOSEPH
MISSION VIEJO, CA 92691 | o | N ——— |
2895
| NOTIFICATION DATE | DELIVERY MODE |
01/17/2013 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

docketing @farjami.com
farjamidocketing @yahoo.com
ffarjami @farjami.com

PTOL-90A (Rev. 04/07)

Page 71 of 186



Application No. Applicant(s)

12/583,809 JORDAN, SADIKI

Office Action Summary Examiner Art Unit

EDWARD WOJCIECHOWICZ 2895
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Period for Reply
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after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
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2a)[] This action is FINAL. 2b)[X] This action is non-final.
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4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5)X Claim(s) 1-12 and 21-25is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-12 and 21-25 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
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DETAILED ACTION

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in

public use or on sale in this country, more than one year prior to the date of application for patent in

the United States.

Claims 1, 2, 4-10, 12, 21-23 and 25 are rejected under 35 U.S.C. 102(b) as being anticipated by
Beach et al (2010/0258912). See, as a representative example only, the configurations described in
[0017]. These include metal contacts (36) and (37) used in a IlI-V compound semiconductor such as a
HEMT device, where the multi-layered contact may comprise a first titanium layer, an aluminum layer,
and additional “capping” layers such as a third layer of titanium and a layer of titanium nitride, as claimed.

In addition, Beach allows for the inclusion of silicon layers in the contact stack and an insulator layer

formed beneath the first metal layer when the multi-layered structure is used as a gate stack.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness
rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set

forth in section 102 of this title, if the differences between the subject matter sought to be patented and

the prior art are such that the subject matter as a whole would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said subject matter pertains.

Patentability shall not be negatived by the manner in which the invention was made.

Claims 3, 11 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Beach et al
(2010/0258912) in view of Wohimuth (2006/0027840). While Beach teaches the main features of the

claimed invention, this reference does not explicitly discuss using a tantalum nitride capping layer or the

use of a Schottky gate configuration. However, these features are taught by Wohimuth which also forms
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multi-layered contact arrangements similar to Beach. See, by way of representative example only, the
discussion at [0028] and [0063] in Wohlmuth.

One skilled in the art would be motivated to incorporate these features of Wohimuth into the
device of beach because Beach already forms multi-layered contacts using similar materials, and these
electrode stacks would also be applicable for use in Schottky devices.

Response to Applicant’'s Amendments and Arguments

Applicant has amended the claims to recite that the capping layer consists only of a refractory
metal nitride. Applicant argues that Beach only teaches forming a capping layer that is a combination of
titanium and titanium nitride.

Beach’s complete teaching and overall disclosure, as discussed, for example, in paragraph
[0017], does describe electrode stacks that meet the claimed limitations. As one example Beach
describes a gate stack that comprises “... a semiconductor under insulator under metal such as GaN
under SiN under TiN”. Therefore, Beach does teach a multi-layered gate stack (i.e. an electrode stack)
that can have multiple metal layers and an upper titanium nitride cap layer, as claimed.

Furthermore, it is clear from Beach’s description in [0017] that Beach is describing a capping
layer consisting of only TiN which is formed over a separate layer of Ti. This is consistent with Beach’s
description earlier in paragraph [0017] which describes a top layer TiN. It should be noted, that any
electrode stack having a top layer of TiN over underlying metal layers would meet the claim limitations,

regardless of whether the upper TiN layer is described as a capping layer.

Claims 1-12 and 21-25 are further rejected under 35 U.S.C. 103(a) as being unpatentable over
Beach et al in view of Wohimuth and Fang et al (2009/0309228)

In order to obviate any dispute as to whether Beach teaches using a capping layer that consists
solely of a refractory nitride, the reference to Fang has been added to provide a more explicit teaching of
the well-known use of both TiN and TaN as capping layers for electrode stacks. See, as a representative

example only, FIG. 3 of Fang, and the discussion in [0038] through [0041], where Fang describes regions
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12 and 14 as comprising gate stacks that may include a plurality of metal layers, and the subsequent
deposition of a TiN or TaN capping layer over metal layer 20.

One skilled in the art would be motivated to combine this structure of Fang with Beach and
Wohlmuth, since the use of TiN and TaN capping layers is recognized as stabilizing electrode stacks

such as found in Beach.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to EDWARD WOJCIECHOWICZ whose telephone number is (571)272-1739. The examiner
can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Drew Richards can be reached on (571) 272-1736. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

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

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.
/Edward Wojciechowicz/ Edward Wojciechowicz
Primary Examiner, Art Unit 2895 Primary Examiner
Art Unit 2895
EW: ew
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CENTRAL FAx CENTER
~ SEP 24 2012
R E Q U E S T Application Number 12/583,809
Filing Date 08/25/2009

FOR
CONT'NUED EXAM'NATION (RCE) First Named Inventor Jordan
TRANSMITTAL Group Art Unit 2695

Subsection (b} of 35 U.S.C. § 132, effective on May 28, 2000, Examiner Name Wojciechowicz, Edward
provides for continued examination of an utility or plant application Joseph

filed on or after June 8, 1995.
See The American Inventors Protection Act of 1999 (AIPA). Attorney Docket Number | 0400186

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application.
NOTE: 37 C.F.R. § 1.114 is sffective on May 29, 2000. If the above-identified application was filed prior to May 29, 2000, applicant may
wish to ider filing a continued pi J lication (CPA) under 37 C.F.R. § 1.83 (d} (PTO/SB/29) instead of a RCE lo be eligible for

the patent term edjustment provisions of the AIP;{. See Changes to Application Examination and Provisional Application Practice, Final Rule, 65
Fed Reg. 50092 (Aug. 16, 2000); Interim Rule, 85 Fed. Reg. 14865 (Mar. 20, 2000), 1233 Off. Gaz. Pat Office 47 (Apr. 11, 2000), which

established RCE practice.
—

1. | Submission required under 37 C.F.R. § 1.114 }

a. D Previously submitted

i Consider the amendment(s)/reply under 37 C.F.R. § 1.116 previously filed on
(Any unentered amendment(s) referred to above will be entered).

ii. Consider the arguments in the Appeal Brief or Reply Brief previously filed on o :

D Other 89/25/2812 APEREZAN 6B6BAA12 12583809
b. Enclosed

i. Amendment/Reply Bl FC:1801 330.9p 0P

il L__] Affidavit(s)yDeclaration(s)

iil. Information Disclosure Statement (IDS)

iv. D Other

2. | Miscellaneous ,

a. D Suspension of action on the above-identified application is requested under 37 C.F.R.§ 1.103(c) for:: -
a period of months. (Perlod of suspension shall not d 3 monlhs, Fee under 37 C.F.R. § 1.17{l) required)

b. D Other
3. | Fees | The RCE fee under 37 C.F.R. § 1.17(e) is required by 37 C.F.R. § 1.114 when the RCE is filed.

Sl

a. The Director is hereby authorized to charge the following fees, or credit any overpayments, to
Deposit Account No. 50-0731 :

RCE fee required under 37 C.F.R. § 1.17(e)

ii. Extension of time fee (37 C.F.R. §§ 1.136 and 1.17)

Il Other
b. D Check in the amount of § enclosed.

c. . Payment by credit card for the amount of $1,080.0¢ (Form PTO-2038 enclosed).

%]

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED
Name  (Print/Type} | Michael Farjami, Esq. Registration No. (Attorney/Agent) ’ 38135

— we | 7724 /10

=
CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class malil in an
envelope addressed to: Mail Stop RCE, Commissioner For Patents, P. O. Box 1450, Alexandria, VA 22313-1450, or facsimile transmitted to the

U.S. Patent and Trademark Office on:

Name_(PrinyTypo) Biha) C.(aunzZmntia) ‘ .

Signature / CJ' / . / I Date | CI/ (52 // >
7
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RECEIVED
CENTRAL FAX GENTER

SEP 2 1' 2012 Attorney Docket No.: 0400186

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jordan, Sadiki Art Unit: 2895 N
Serial No.: 12/583,809 Examiner: Wojciechowicz, Edward [
Joseph

Filed: 08/25/2009

For: Refractory Metal Nitride Capped
Electrical Contact and Method For
Fabricating Same

AMENDMENT AND RESPONSE TO ADVISORY ACTION

Mail Stop RCE

Commissioner for Patents 39/25/2812 APEREZAN @EBBBE12 12583889

P.O.Box 1450
Alexandria, VA 22313-1450 82 FC:1251 138.88 0P

Dear Sir/Madam:

This is in response to the Advisory Action dated September 7, 2012 in the above-
referenced patent application. Please enter and consider the following amendments and
remarks in light of the attached Request for Continued Examination filed under 37 CFR
§1.114 in the above-identified application.

The Commissioner is hereby authorized to charge payment of any additional fees *
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
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EGENTRAL FAX CENTER Attorney Docket No.: 0400186

SEP 24 2012

In the Claims:

Claim 1 (currently amended): An electrical contact for use on a semiconductor
device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer eomprising consisting only of a refractory metal nitride, said

refractory metal nitride forming a top of said electrical contact.

Claim 2 (original): The electrical contact of claim 1, wherein said capping layer

comprises titanium nitride (TiN).

Claim 3 (original): The electrical contact of claim 1, wherein said capping layer

comprises tantalum nitride (TaN).

Claim 4 (original): The electrical contact of claim 1, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer
Claim 5 (original): The electrical contact of claim 4, wherein said first metal
layer and said third metal layer of said electrode stack comprise titanium (Ti).
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Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal

layer of said electrode stack further comprises silicon (Si).

Claim 8 (original): The electrical contact of claim 1, wherein said electrical

contact is configured for implementation on a group III-V semiconductor device.

Claim 9 (original): The electrical contact of claim 8, wherein said group III-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 10 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group III-V

semiconductor device.

Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate electrode making Schottky contact with said group III-V

semiconductor device.
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Claim 12 (previously presented): The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator layer underlying said first metal
layer of said electrode stack to provide an insulated gate electrode for said group I1I-V

semiconductor device.

Claims 13-20 (canceled)

Claim 21 (currently amended): An electrical contact for use on a group III-V
semiconductor device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer comprising consisting only of a metal selected from the group

consisting of titanium nitride (TiN) and tantalum nitride (TaN), said metal forming a top

of said electrical contact.

Claim 22 (previously presented): The electrical contact of claim 21, wherein
said group I1I-V semiconductor device comprises a high electron mobility transistor

(HEMT).
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Claim 23 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a power electrode making ohmic contact with

said group III-V semiconductor device.

Claim 24 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a gate electrode making Schottky contact with

said group I1I-V semiconductor device.

Claim 25 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented with a gate insulator layer underlying a first metal
layer of said electrode stack to provide an insulated gate electrode for said group I1I-V

semiconductor device.
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REMARKS
Prior to the present amendment and response, claims 1-12 and 21-25 were pending
| in the present application. By the present amendment and response, Applicant has
amended claims 1 and 21. Thus, after the present amendment and response, claims 1-12
and 21-25 remain pending in the present application. Applicant respectfully requests
reconsideration and allowance of claims 1-12 and 21-25 in view of the above

amendments and the following remarks.

A. Rejection of Claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. §

102(b)

In the Advisory Action datéd September 7, 2012 (hereinafter “Advisory Action”),
the Examiner affirms rejection of claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. §
102(b) as being unpatentable for purported anticipation by U.S. Patent Application |
Publication Number 2010/0258912 A1 by Beach et al. (hereinafter “Beach™). See page 2
of the Advisory Action; and see page 2 of the Final Office Action dated May 23, 2012
(hereinafter “Office Action”). For the reasons discussed below, Applicant respectfully
submits that amended independent claims 1 and 21 are patentably novel and inventive
over Beach.

The present application is directed, in part, to a novel cost effective refractory
metal nitride capped electrical contact for ﬁse on a semiconductor device. See, e.g., page

5, lines 2-5 of the present application. For example, in one implementation, as shown and
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described in Figures 1 and 2 of the-present application, exemplary structure 100 includes
source electrode 136, drain electrode 138, and insulated gate electrode 132, which are
disposed on GaN body 110. See, e.g., id. at page 7, lines 4-10 with Figure 1. As
disclosed in the present application, each of source electrode 136, drain electrode 138,
and insulated gate electrode 132 includes electrode stack 120, which has a refractory
metal nitride capping layer. /d.

As shown and described in Figure 2 of the present application, in one
implementation, exemplary electrode stack 220 includes a plurality of metal layers, for
example, first titanium (Ti) layer 222, aluminum (Al) layer 224, and second titanium (Ti)
layer 226, and titanium nitride (TiN) capping layer 228. Id., e.g., at lines 16-22 with
Figure 2. As further shown in Figure 2, TiN capping layer 228 forms a topmost layer of
exemplary electrode contacf 230. Id. As disclosed in the present application, in
exemplary step 340 of flowchart 300 as shown in Figure 3, TiN capping layer 228 can be
formed, for example, by depositing a species of high density TiN (e.g., biased reactive
TiN) over second Ti layer 226, while applying a biasing voltage to substrate 102
supporting GaN body 110 in a deposition chamber to which nitrogen gas has been
introduced. See, e.g., id. at page 10, line 20 through page 11, line 6 with Figures 2 and 3.

Thus, among other advantages, TiN capping layer 228 can effectively reduce the
cost of forming electrical contacts, and a risk of contaminating a silicon fabrication "
process flow. See, e.g., id. at page 12, lines 1-3. By the present amendment and

response, Applicant has amended independent claim 1 to emphasize similar
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aforementioned advantages by reciting, in part, “said capping layer consisting only of a
refractory metal nitride, said refractory metal nitride forming a top of said electrical
contact.” See claim 1 above. Support for amended independent claim 1 can be found at
least in page 8, lines 1-10, page 10, line 20 through page 11, line 6, and Figures 2 and 3 of
the present application. Amended independent claim 21 contains similar features as those
in amended independent claim 1. See claim 21 above.

Turning to Beach, Beach describes a specific “GaN transistor device with a Mg
growth interruption layer to trap excess or residual dopants.” See page 1, paragraph
[0015] of Beach. As depicted in Figure 2 of Beach, chmic contact metals 36 and 37 and
gate structure 38 are disposed on barrier layer 35. See id. at page 2, paragraph [0016]
with Figure 2. As described in Beach, gate structure 38 may be a metal, a semiconductor
with metal, or a semiconductor under insulator under metal. /d. at paragraph [0017]. As
further described in Beach, semiconductors could be GaN, Si, GaAs, or InAlGaN. /d.
Insulators could be AlGaN, InAlGaN, SiO,, SiN, MgO or Al,Os, and metals could be Al,
Ni, Au or Pt. Id. As further described in Beach, ohmic contact metals 36 and 37 “may be
composed of titanium (Ti) and aluminum (Al) with a capping metal such as Nickel (Ni)
and gold (Au) or titanium (Ti) and titanium nitride (TiN).” 1d.

In the Office Action, the Examiner asserts that Beach discloses various features as
recited in independent claims 1 and 21. See page 2 of the Office Action. In the Advisory
Action, the Examiner further asserts:

| When considered in its entirety, the Beach reference clearly teaches the use

of a refractory metal nitride as a capping layer over an electrode stack. For
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example, in paragraph [0017] cited in the Final rejection Beach also

describes the structure of gate electrode stack (38) may comprise multiple

metal layers such as “Ni under Au”, Beach also teaches that a top layer of

TiN may be formed over the various layers of the gate stack, e.g. “under

TiN”. Furthermore, Beach’s teaching of “a capping metal such as ...

titanium (Ti) and titanium nitride (TiN)” would, of necessity require that the

TiN layer to be formed on top of the Ti layer. See page 2 of the Advisory

Action.

Applicant respectfully disagrees with the Examiner’s assertions above.

With regard to gate structure 38, Beach describes that gate structure 38 may be a
metal, or a semiconductor with metal, a semiconductor under insulator under metal. See
page 2, paragraph [0017] of Beach. As described in Beach, in the case where gate
structure 38 is composed of simple metal, gate structure 38 can be Ni under Au. /d.
However, in contrast to implementations as described in independent claim 1 of the
present application, when gate structure 38 is composed of simple metal, gate structure
38 does not include a refractive metal nitride.

As cited above, the Examiner further asserts that “Beach also teaches that a top
layer of TiN may be formed over the various layers of the gate stack, e.g. ‘under TiN’.”
See above. Applicant respectfully disagrees with the Examiner’s assertion above. Beach
describes that gate structure 38 may be a semiconductor with metal (e.g., GaN under
TiN), or a semiconductor under insulator under metal (c.g., GaN under SiN under TiN).
See page 2, paragraph [0017] of Beach. Thus, in the cases where TiN is used in gate

structure 38, gate structure 38 includes a semiconductor, or a semiconductor under an

insulator.
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Thus, Applicant respectfully submits that nowhere does Beach disclose or suggest,

for example, “an electrode stack including a plurality of metal layers and a capping layer

formed over said plurality of metal layers; said capping layer consisting only of a
refractory metal nitride, said refractory metal nitride forming a top of said electrical
contact” (emphases added by Applicant) as recited in amended indep‘endent claim 1 of the
present application.

As cited above, the Examiner further asserts:

Beach’s teaching of “a capping metal such as ... titanium (Ti) and titanium

pitride (TiN)” would, of necessity require that the TiN layer to be formed

on top of the Ti layer. See above.
Applicant respectfully disagrees with the Examiner’s assertions above. Applicant
r&spectfully 1ﬁaintéins that Beach does not disclose or suggest, for example, “said capping
layer consisting only of a refractory metal nitride, said refractory metal nitride forming a
top of said electrical contact,” as recited in independent claim 1 of the present application.

Applicant respectfully notes that, unlike Beach’s description with respect to gate
structure 38, where Beach explicitly uses the word “under” to describe the spatial
relationships among semiconductor, insulator and metal, Beach very generically describes
forming ohmic contact metals 36 and 37 “with a capping metal such as [...] titanium (T1)
and titanium nitride (TiN).” Thus, Applicant respectfully asserts that Beach does not
disclose or suggest that titanium and titanium nitride, which are collectively referred to as

a capping layer, each form a separate and distinct layer, as suggested by the Examiner.

Consequently, Applicant respectfully asserts that Beach cannot disclose or suggest, for
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example, “said capping layer consisting only of a refractory metal nitride, said refractory
metal nitride forming a top of said electrical contact,” as recited in amended independent
claim 1 of the present application.

For the foregoing reasons, Applicant respectfully submits that amended
independent claims 1 and 21 are neither anticipated by, nor are obvious in light of, the
disclosure provided by Beach. Thus, independent claims 1 and 21 are patentably novel
and inventive over Beach. As such, claims 2, 4-10 and.12 depending from and further
limiting patentable independent claim 1, and claims 22, 23 and 25 depending from and

’ further limiting patentable independent claim 21, are, a foréz’orf, also patentably
distinguishable over Beach for at least the reasons presented above, and also for the

- additional limitations contained in each dependent claim.

B. Rejection of Claims 3, 11 and 24 under 35 U.S.C. § 103(a)

In the Advisory Action, the Examiner affirms rejection of claims 3, 11 and 24
under 35 U.S.C. § 103(a) as being unpatentable for purported obviousness over Beach in
view of U.S. Patent Application Publication Number 2006/0027840 A1 by Walter
Anthony Wohlmuth (hereinafter “Wohlmuth”). See page 2 of the Advisory Action; and
see page 2 of the Office Action. However, as discussed above, amended independent
claims 1 and 21 are patentably distinguishable over Beach. As such, claims 3 and 11
depending from and further limiting patentable claim 1, and claim 24 depending from and

further limiting patentable claim 21, are, a fortiori, also patentably distinguishable over
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Beach, and Beach in combination with any other cited reference, such as Wohlmuth, for
at least the reasons presented above and also for the additional limitations contained in

each dependent claim.

C. Conclusion

Based on the foregoing reasons, Applicant respectfully submits that independent
claims 1 and 21, and claims depending therefrom, are patentably novel and inventive.
Moreover, Applicant asserts that no new matter has been introduced herein. Thus, for all
of the reasons presented above, Applicant respectfully requests an early allowance of

claims 1-12 and 21-25 pending in the present application.
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Application No. Applicant(s)
Advisory Action 12/583,809 JORDAN, SADIKI

Before the Filing of an Appeal Brief Examiner Art Unit
EDWARD WOJCIECHOWICZ | 2895

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

THE REPLY FILED 23 August 2012 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
NO NOTICE OF APPEAL FILED
1. [X] The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file
one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance;
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with
37 CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of
the following time periods:
a) & The period for reply expires 3 months from the mailing date of the final rejection.
b) |:| The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later.
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
c) D A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed
within 2 months of the mailing date of the final rejection. The current period for reply expires months from the mailing date of
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier.
Examiner Note: If box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE
FIRST RESPONSE TO APPLICANT’S EIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL
REJECTION. ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(f).
Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The
appropriate extension fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally
set in the final Office action; or (2) as set forth in (b) or (c) above, if checked. Any reply received by the Office later than three months after the
mailing date of the final rejection, even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b).
NOTICE OF APPEAL
2. |:| The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the
Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of
Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a).
AMENDMENTS
3. |:| The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will not be entered because
a) |:| They raise new issues that would require further consideration and/or search (see NOTE below);
b) |:| They raise the issue of new matter (see NOTE below);
c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal; and/or
d) O They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: . (See 37 CFR 1.116 and 41.33(a)).
4. |:| The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).
5. |:| Applicant’s reply has overcome the following rejection(s):
6. |:| Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the non-
allowable claim(s).
7. |:| For purposes of appeal, the proposed amendment(s): (a) [] will not be entered, or (b) [] will be entered, and an explanation of how the
new or amended claims would be rejected is provided below or appended.
AFFIDAVIT OR OTHER EVIDENCE
8. [ The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because

applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier
presented. See 37 CFR 1.116(e).

9. [[] The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will not be entered
because the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good
and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1).

10. [] The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

REQUEST FOR RECONSIDERATION/OTHER

11. X] The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

See Continuation Sheet.
12. [ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).
13. [ Other: .
ISTATUS OF CLAIMS
14. The status of the claim(s) is (or will be) as follows:
Claim(s) allowed:
Claim(s) objected to:
Claim(s) rejected:
Claim(s) withdrawn from consideration:

/Edward Wojciechowicz/
Primary Examiner, Art Unit 2895

U.S. Patent and Trademark Office
PTOL-303 (Rev. 09-2010) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20120906
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Continuation Sheet (PTOL-303) Application No. 12/583,809

Continuation of 11. does NOT place the application in condition for allowance because: When considered in its entirety, the Beach
reference clearly teaches the use of a refractory metal nitride as a capping layer over an electrode stack. For example, in paragraph [0017]
cited in the Final rejection Beach also describes the structure of gate electrode stack (38) may comprise multiple metal layers such as "Ni
under Au", Beach also teaches that a top layer of TiN may be formed over the various layers of the gate stack, e.g. "under TiN".
Furthermore, Beach's teaching of "a capping metal such as ... titanium (Ti) and titanium nitride (TiN)" would, of necessity require that the
TiN layer to be formed on top of the Ti layer.
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AUG 23 2012
In re Application of: Jordan, Sadiki Art Unit: 2895
Serial No.: 12/583,809 Examiner: Wojciechowicz, Edward

Joseph
Filed: 08/25/2009 :

For: Refractory Metal Nitride Capped
Electrical Contact and Method For
Fabricating Same

RESPONSE TO FINAL OFFICE ACTION

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir/Madamn:

This is in response to the Final Office Action d;:lted May 23, 2012 in the above-
referenced patent application. Please enter and consider the following remarks.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
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Electrical Contact and Method For
Fabricating Same

RESPONSE TO FINAL OFFICE ACTION

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir/Madam:

This is in response to the Final Office Action d;:lted May 23, 2012 in the above-
referenced patent application. Please enter and consider the following remarks.

The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
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In the Claims:

Claim 1 (previously presented): An electrical contact for use on a semiconductor
device, said electrical contact comprising;:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer comprising a refractory metal nitride, said rgfractory metal

nitride forming a top of said electrical contact.

Claim 2 (original): The electrical contact of claim 1, wherein said capping layer

comprises titanium nitride (TiN).

Claim 3 (original): The electrical contact of claim 1, wherein said capping layer

comprises tantalum nitride (TaN).

Claim 4 (original): The electrical contact of claim 1, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer
Claim 5 (original): The electrical contact of claim 4, wherein said first metal
layer and said third metal layér of said electrode stack comprise titanium (Ti).
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Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal

layer of said electrode stack further comprises silicon (Si).

Claim 8 (original): The electrical contact of claim 1, wherein said electrical

contact is configured for implementation on a group III-V semiconductor device.

Claim 9 (original): The electrical contact of claim 8, wherein said group I11I-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 10 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group I1I-V

semiconductor device.

Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate electrode making Schottky contact with said group I1I-V

semiconductor device.
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Claim 12 (previously presented): The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator layer underlying said first metal
layer of said electrode stack to provide an insulated gate electrode for said group I1I-V

semiconductor device.
Claims 13-20 (canceled)

Claim 21 (préviously presented): An electrical contact for use on a group III-V
semiconductor device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer comprising a metal selected from the group consisting of
titanium nitride (TiN) and tantalum nitride (TaN), said metal forming a top of said

electrical contact.

Claim 22 (previously presented): The electrical contact of claim 21, wherein
said group III-V semiconductor device comprises a high electron mobility transistor

(HEMT).
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Claim 23 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a power electrode making ohmic contact with

said group III-V semiconductor device.

Claim 24 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a gate electrode making Schottky contact with

said group 1II-V semiconductor device.

Claim 25 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented with a gate insulator layer underlying a first metal
layer of said electrode stack to provide an insulated gate electrode for said group I1I-V

semiconductor device.
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REMARKS
Prior to the present response, claims 1-12 and 21-25 were pending in the present
application. No claims are amended by the present response. Thus, after the present
response, claims 1-12 and 21-25 remain pending in the present application. Applicant
respectfully requests reconsideration and allowance of claims 1-12 and 21-25 in view o.f

the following remarks.

A.  Rejection of Claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. §

102(b)

In the Final Office Action dated May 23, 2012 (hereinafter “Office Action”), the
Examiner rejects claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. § 102(b) as being
unpatentable for purported anticipation by U.S. Patent Application Publication Number
2010/0258912 A1 by Beach et al. (hereinafter “Beach™). See page 2 of the Office Action.
For the reasons discussed below, Applicant respectfully submits that previously presented
independent claims 1 and 21 are patentably novel and inventive over Beach.

The present application is directed, in part, to a novel cost effective refractory
metal nitride capped electrical contact for implemeutation as, for example, an electrode
on a semiconductor device. See, e.g., page 5, lines 2-5 of the present application.

For example, in one implementation, as shown and described with respect to
Figures 1 and 2 of the present application, exemplary structure 100 includes source

electrode 136, drain electrode 138, and insulated gate electrode 132, which are disposed
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on GaN body 110. See, e.g., id. at page 7, lines 4-10 with Figure 1. As disclqsed in the
present applicatjon, each of source electrode 136, drain electrode 138, and insulated gate
electrode 132 includes electrode stack 120, which has a refractory metal nitride capping
layer. Id.

As shown and described in Figure 2 of the present application, in one
implementation, exemplary electrode stack 220 includes a plurality of metal layers, for
example, first titanium (Ti) layer 222, aluminum (Al) layer 224, and second titanium (Ti)
layer 226, and titanium nitride (TiN) capping layer 228. Id., e.g., at lines 16-22 with
Figure 2. As further shown in Figure 2, TiN capping layer 228 forms a top of exemplary
electrode contact 230. /d. As disclosed in the present application, in exemplary step 340
of flowchart 300 as shown in Figure 3, biased reactive TiN (e.g., a species of TiN having
a particularly high density) capping layer 228 is deposited over second Ti layer 226. See,
e.g., id. at page 10, lines 20-21 with Figures 2 and 3. |

As disclosed in the present application, TiN capping layer 228 can effectively
reduce the cost of forming electrical contacts, and advantageously reduce a risk of
contaminating a silicon fabrication proceSs flow. Previously presented independent claim

1 emphasizes similar abovementioned features by reciting, in part, “an electrode stack

including a plurality of metal layers and a capping layer formed over said plurality of
metal layers; said capping layer comprising a refractory metal nitride, said refractory

metal nitride forming a top of said electrical contact.” See claim 1 above. Previously
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presented independent claim 21 contains similar features as those in independent claim 1.
See claim 21 above.

In the Office Action, the Examiner asserts that Beach discloses various features as
recited in previously presented independent claims 1 and 21. See page 2 of the Office
Action. In particular, the Examiner asserts:

Claims 1, 2, 4-10, 12, 21-23 and 25 are rejected under 35 U.S.C.

102(b) as being anticipated by Beach et al (2010/0258912). See, as a

representative example only, the configurations described in [0017]. These

include metal contacts (36) and (37) used in a III-V compound
semiconductor such as a HEMT device, where the multi-layered contact

may comprise a first titanium layer, an aluminum layer, and additional

“capping” layers such as a third layer of titanium and a layer of titanium

nitride, as claimed. Id.

Applicant respectfully disagrees with the Examiner’s assertions above.

First, Applicant respectfully asserts that Beach does not disclose or suggést, for

example, “an electrode stack including a plurality of metal layers and a capping layer

formed over said plurality of metal layers,” as recited in independent claim 1 of the
present application. Beach merely states that “[o]Jhmic contact metals 36, 37 may be

composed of titanium (Ti) and aluminum (Al) with a capping metal” (emphasis added by

Applicant). See page 2, parégraph [0017] of Beach. However, Beach doe not disclose or
suggest that titanium (Ti) is deposited over aluminum (Al) where they each form a
separate and distinct metal layer, as sﬁggested by the Examiner above. Applicant
respectfully asserts that nowhere does Beach disclose or suggest, for example, “an

electrode stack including a plurality of metal layers,” as recited in independent claim 1 of

the present application.
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Second, Applicant respectfully asserts that Beach does not disclose or suggest, for

example, “said capping layer comprising a refractory metal nitride, said refractory metal

nitride forming a top of said electrical contact,” as recited in independent claim 1.

In the Response to Applicant’s Argument section of the Office Action, the
Examiner asserts:

Applicant argues that Beach only teaches forming a capping layer
that is a combination of titanium and titanium nitride. Even assuming, ad
arguendo, that this is the case, such a combination would still meet the
limitations of claims I and 21 which describes the claimed capping layer as
comprising a refractory metal nitride or a metal selected from titanium
nitride and tantalum nitride. The term comprising as distinguished from the
term consisting of, is understood in the art as an open ended descriptor,
which allows for the presence of additional elements that may form the
capping layer. Consequently, a capping layer formed of both titanium and
titanium nitride would still constitute a layer comprising titanium nitride.
See page 3 of the Office Action.

Applicant respectfully disagrees with the Examiner’s assertions above.
Although the term “comprising” may be an open ended descriptor, independent

claim 1 expressly recites “said refractory metal nitride forming a top of said electrical

contact.” The Examiner appears to suggest that independent claim 1 describes a capping
layer forming a top of an electrical contact, in which case the term “comprising” could
allow for the presence of additional elements in the top of the electrical contact.

However, because independent claim 1 expressly recites “said refractory metal nitride

forming a top of said electrical contact,” it excludes the possibility of refractory metal

“forming a top of said electrical contact,” as suggested by the Examiner. Consequently,

Applicant respectfully maintains that because Beach very generically describes forming
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ohr_nic contact metals 36 and 37 “with a capping metal such as [...] titanium (Ti) and
tita-nium nitride (TiN),” Beach does not disclose or suggest, for example, “said refractory
metal nitride forming a top of said electrical contact,” as recited in independent claim 1 of
the present application.

For the foregoing reasons, Applicant respectfully submits that independent claims
1 and 21 are neither anticipated by, nor are o;bvious in light of, the disclosure provided by
Beach. Thus, independent claims 1 and 21 are patentably novel and inventive over
Beach. As such, claims 2, 4-16 and 12 depending from and further limiting patentable
independent claim ], and claims 22, 23 and 25 depending from and further limiting
patentable independent claim 21, are, a fortiori, also patent;bly distinguishable over
Beach for at least the reasons presented above, and also for additional limitations

contained in each dependent claim.

B. Rejection of Claims 3, 11 and 24 under 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 3, 11 and 24 under 35 U.S.C. §
103(a) as being unpatentable for purported obviousness over Beach in view of U.S. Patent
Application Publication Number 2006/0027840 A1 by Walter Anthony Wohlmuth
(hereinafter “Wohlmuth”). See page 2 of the Office Action. However, as discussed
above, independent claims 1 and 21 are patentably distinguishable over Beach. As such,
claims 3 and 11 depending from and further limiting patentable claim 1, and claim 24

depending from and further limiting patentable claim 21, are, a fortiori, also patentably
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distinguishable over Beach, or Beach in combination with any other cited reference, such
as Wohlmuth, for at least the reasons presented above and also for additional limitations

contained in each dependent claim.

C. Conclusion

Based on the foregoing reasons, Applicant respectfully submits that independent
claims 1 and 21, and claims depending therefrom, are patentably novel and inventive.
Thus, for all of the reasons presented above, Applicant respectfully requests an early

allowance of claims 1-12 and 21-25 pending in the present application.
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50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP
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26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
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Application No. Applicant(s)

12/583,809 JORDAN, SADIKI

Office Action Summary Examiner Art Unit

EDWARD WOJCIECHOWICZ 2895

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX Responsive to communication(s) filed on 07 March 2012.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
__ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.
Disposition of Claims
5)X] Claim(s) 1-12 and 21-25 is/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-12 and 21-25 is/are rejected.
)
)

)
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)] The drawing(s) filed on ______is/are: a)[_] accepted or b)[] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [ Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120520
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DETAILED ACTION

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in

public use or on sale in this country, more than one year prior to the date of application for patent in

the United States.

Claims 1, 2, 4-10, 12, 21-23 and 25 are rejected under 35 U.S.C. 102(b) as being anticipated by
Beach et al (2010/0258912). See, as a representative example only, the configurations described in
[0017]. These include metal contacts (36) and (37) used in a IlI-V compound semiconductor such as a
HEMT device, where the multi-layered contact may comprise a first titanium layer, an aluminum layer,
and additional “capping” layers such as a third layer of titanium and a layer of titanium nitride, as claimed.

In addition, Beach allows for the inclusion of silicon layers in the contact stack and an insulator layer

formed beneath the first metal layer when the multi-layered structure is used as a gate stack.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness
rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set

forth in section 102 of this title, if the differences between the subject matter sought to be patented and

the prior art are such that the subject matter as a whole would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said subject matter pertains.

Patentability shall not be negatived by the manner in which the invention was made.

Claims 3, 11 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Beach et al
(2010/0258912) in view of Wohimuth (2006/0027840). While Beach teaches the main features of the

claimed invention, this reference does not explicitly discuss using a tantalum nitride capping layer or the

use of a Schottky gate configuration. However, these features are taught by Wohimuth which also forms
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multi-layered contact arrangements similar to Beach. See, by way of representative example only, the
discussion at [0028] and [0063] in Wohlmuth.

One skilled in the art would be motivated to incorporate these features of Wohimuth into the
device of beach because Beach already forms multi-layered contacts using similar materials, and these
electrode stacks would also be applicable for use in Schottky devices.

Response to Applicant’s Arguments

Applicant argues that Beach only teaches forming a capping layer that is a combination of
titanium and titanium nitride. Even assuming, arguendo, that this is the case, such a combination would
still meet the limitations of claims 1 and 21 which describes the claimed capping layer as comprising a
refractory metal nitride or a metal selected from titanium nitride and tantalum nitride. The term comprising,
as distinguished from the term consisting of, is understood in the art as an open ended descriptor, which
allows for the presence of additional elements that may form the capping layer. Consequently, a capping
layer formed of both titanium and titanium nitride would still constitute a layer comprising titanium nitride.

Nevertheless, Beach’s complete teaching and overall disclosure, as discussed in paragraph
[0017], also describes other electrode stacks that meet the claimed limitations. For example, claims 1 and
21 describe electrode stacks irrespective of any particular functional element. As such, Beach’s
description of the gate stack in [0017] would also meet the claim limitations. As one example Beach
describes a gate stack that comprises “... a semiconductor under insulator under metal such as GaN
under SiN under TiN”. Therefore, Beach does teach a multi-layered gate stack (i.e. an electrode stack)
that can have multiple metal layers and an upper titanium nitride cap layer, as claimed.

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as set forth
in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date
of this final action and the advisory action is not mailed until after the end of the THREE-MONTH
shortened statutory period, then the shortened statutory period will expire on the date the advisory action

is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
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the advisory action. In no event, however, will the statutory period for reply expire later than SIX
MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to EDWARD WOJCIECHOWICZ whose telephone number is (571)272-1739. The examiner
can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Drew Richards can be reached on (571) 272-1736. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

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

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.
/Edward Wojciechowicz/ Edward Wojciechowicz
Primary Examiner, Art Unit 2895 Primary Examiner
Art Unit 2895
EW: ew
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Attorney Docket No.: 0400186

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE RECEIVED

CENTRAL FAX CENTER
MAR 07 2012
In re Application of: Jordan, Sadiki Art Unit: 2895 _
Serial No.: 12/583,809 Examiner: Wojciechowicz, Edward
: Joseph

Filed: 08/25/2009

For: Refractory Metal Nitride Capped
Electrical Contact and Method For
Fabricating Same

AMENDMENT AND RESPONSE TO NON-FINAL OFFICE ACTION

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

Dear Sir/Madam:v
This is in response to the Non-Final Office Action dated December 7, 2011 in the
above-referenced pétent applicatipn. Please enter and consider the following
amendments and remarks.
The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
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Claim 1 (currently amended): An electrical contact for use on a semiconductor
device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer comprising a refractory metal nitride, said refractory metal

nitride forming a top of said electrical contact.

Claim 2 (original): The electrical contact of claim 1, wherein said capping layer

comprises titanivm nitride (TiN). -

Claim 3 (original): The electrical contact of claim 1, wherein said capping layer

comprises tantalum nitride (TaN).

Claim 4 (original): The electrical contact of claim 1, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer
Claim § (original): The electrical contact of claim 4, wherein said first metal
Jayer and said third metal layer of said electrode stack comprise titanium (Ti).
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Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal

layer of said electrode stack further comprises silicon (Si).

Claim 8 (original): The electrical contact of claim 1, wherein said electrical

contact is configured for implementation on a group III-V semiconductor device.

Claim 9 (original): The electrical contact of claim 8, wherein said group III-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 10 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group III-V

semiconductor device.

Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate electrode méking Schottky contact with said group III-V

semiconductor device.
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Claim 12 (currently amended): The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator layer uaderling underlying said
first metal layer of said electrode stack to provide an insulated gate electrode for said

group I11-V semiconductor device.
Claims 13-20 (canceled)

Claim 21 (currently amended): An electrical contact for use on a group III-V
semiconductor device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed -
over said plurality of metal layers;

said capping layer comprising a metal selected from the group consisting of
titanium nitride (TiN) and tantalum nitride (TaN), said metal forming a top of said

electrical contact.

Claim 22 (previously presented): The electrical contact of claim 21, wherein
said group III-V semiconductor device comprises a high electron mobility transistor

(HEMT).
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Claim 23 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a power electrode making ohmic contact with

said group III-V semiconductor device.

Claim 24 (previously presented): The electrical contact of claim 21, wherein
said electrical contact is implemented as a gate electrode making Schottky contact with

said group III-V semiconductor device.

Claim 25 (currently amended): The electrical contact of claim 21, wherein said
electrical contact is implemented with a gate insulator layer undesling underlying a first
metal layer of said electrode stack to provide an insulated gate electrode for said group

I11-V semiconductor device.
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REMARKS
Prior to the present amendment and response, claims 1-12 and 21-25 were pending
in the present application. By the present amendment and response, Applicant has
amended claims 1, 12, 21 and 25. Thus, after the present amendment and response,
claims 1-12 and 21-25 remain pending in the present application. Applicant respectfully
requests reconsideration and allowance of pending claims 1-12 and 21-25 in view of the

above amendments and the following remarks,

A, Rejection of Claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. 8§

102(b)

In the Non-Final Office Action dated December 7, 2011 (hereinafter “Office
Action”), the Examiner rejects claims 1, 2, 4-10, 12, 21-23 and 25 under 35 U.S.C. §
102(b) as being unpatentable for purported anticipation by U.S. Patent Application
Publication Number 2010/0258912 A1 by Beach et al. (hereinafter “Beach;’). See page 2
of the Office Action. For the reasons discussed below, Applicant respectfully submits
that amended independent claims 1 and 21 are patentably novel and ihventive over Beach.

As disclosed in the present application, a conventional electrical contact on a III-
nitride device includes an electrical contact stack having pure films of titanium,
aluminum, and nickel, capped with gold. See, e.g., page 2, lines 1-5 of the present

application. As further disclosed in the present application, the use of gold as a capping
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layer is costly, and has a propensity to contaminate a silicon fabrication process flow. /d.
at lines 6-11.

The present application is directed, in part, to a novel cost effective refractory
metal nitride capped electrical contact for implementation as, for example, an electrode
on a semiconductor device, that can reduce a risk of contaminating a silicon fabrication
process flow. Id. at page 5, lines 2-5.

For example, in one implementation, as shown and described with respect to
Figures 1 and 2 of the present applicatioh, exemplary structure 100 includes source
electrode 136, drain electrode 138, and insulated gate electrode 132, which are disposed
on GaN body 110. d. at page 7, lines 4-10 with Figure 1. As disclosed in the present
application, each of source electrode 136, drain electrode 138, and insulated gate
electrode 132 includes electrode stack 120, which has a refractory metal nitride capping
layer. Id. |

Figure 2 of the present application depicts, in detail, exemplary refractory metal
nitride capped electrical contact 230. /d. at lines 16-22 with Figure 2. As shown in
Figure 2, electrode stack 220 includes a plurality of metal layers, for example, first
titanium (T1) layer 222, aluminum (Al) layer 224, and second titanium (Ti) layer 226, and
titanium nitride (TiN) capping layer 228. /d. As further shown in Figure 2, TiN capping
layer 228 forms a top of exemplary electrode contact 230. Id. As disclosed in the present

application, utilizing TiN capping layer 228 can effectively reduce the cost of forming
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electrical contacts, and advantageously reduce a risk of contaminating a silicon
fabrication process flow.

Amended independent claim 1 emphasizes similar abovementioned features by
reciting, in part, “said refractory metal nitride forming a top of said electrical contact.”
See claim 1 above. Amended independent claim 21 contains similar features as those in
amended independent claim 1. See claim 21 above. Support for amended independent
claims 1 and 21 can be found at least in page 7, lines 16-22 and Figure 2 of the present
application. In addition, Applicant has also amended claims 12 and 25 for clarity.

In the Office Action, the Examiner asserts that Beach discloses various features as
recited in previously unamended independent claims 1 and 21. See page 2 of the Office
Action. In particular, the Examiner states:

Claims 1, 2, 4-10, 12, 21-23 and 25 are rejected under 35 U.S.C.

102(b) as being anticipated by Beach et al (2010/0258912). See, as a

representative example only, the configurations described in [0017]." These

include metal contacts (36) and (37) used in a III-V compound
semiconductor such as a HEMT device, where the multi-layered contact
may comprise a first titanium layer, an aluminum layer, and additional

“capping” layers such as a third layer of titanium and a layer of titanium

nitride, as claimed. /d.

However, Applicant respectfully submits that Beach fails to disclose or suggest, for
example, “said refractory metal nitride forming a top of said electrical contact,” as is
expressly required by amended independent claim 1 of the present application.

Beach describes a specific GaN transistor device with a Mg growth interruption

layer to trap excess or residual dopants to improve a breakdown voltage of the GaN

transistor. See page 1, paragraph [0015] of Beach. Figure 2 of Beach illustrates device
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200 having substrate 31, transition layers 32, Mg doped layer 33, growth interrupt layers
39, buffer layer 34,-barrier layer 35, ohmic contact metals 36, 37, and gate structure 38.
1d. at page 2, paragraph [0016] with Figure 2. As disclosed in Beach, “[o]hmic contact
metals 36, 37 may be composed of titénium (Ti) and aluminum (Al) with a capping
metal such as [...] titanium (Ti) and titanium nitride (TiN)” (emphasis added by
Applicant). Id. at paragraph [0017]. However, Applicant respectfully asserts that
because Beach very generically describes forming ohmic contact metals 36 and 37 “with
a capping metal such as [...] titanium (Ti) and titanium niﬁride (TiN) (emphasis added
by Applicant),” Beach does not disclose or suggest, for example, “said refractory metal
nitride forming a top of said electrical c01'1tact, (emphasis added by Applicant)” as is
expressly required by amended independent claim 1. of the present application. '

Fdr the foregoing reasons, Applicant respectfully submits that amended
independent claims 1 and 21 are neither anticipated by, nor are obvious in light of, the
disclosure provided by Beach. Thus, independent claims 1 and 21 are patentably novel
and inventive over Beach. As such, claims 2, 4-10 and 12 depending from and further
l.imiting patentable independent claim 1, and claims 22, 23 and 25 depending from and
further limiting patentable independent claim 21, are, a fortiori, also patentably
distinguishable over Beach for at least the reasons presented above and also for additional

limitations contained in each dependent claim.
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B. Rejection of Claims 3, 11 and 24 under 35 U.S.C. § 103(a)

In the Office Action, the Examiner rejects claims 3, 11 and 24 under 35 U.S.C. § |
- 103(a) as being unpatentable for purported obviousness over Beach in view of U.S. Patent

Application Publication Number 2006/0027840 A1 by Walter Anthony Wohlmuth
(hereinafter “Wohlmuth™). See page 3 of the Office Action. However, as discussed
above, amended independent claims 1 and 21 are patentably distinguishable over Beach.
As such, claims 3 and 11 depending from and further limiting patentable claim 1, and
claim 24 depending from and further limiting patentable claim 21, are, a fortiori, also
paténtably distinguishable over Beach, or Beach in combination with any other cited
reference, such as Wohlmuth, for at least the reasons presented above and also for

additional limitations contained in each dependent claim.

C. Conclusion

Based on the foregoing reasons, Applicant respectfully submits that independent
claims 1 and 21, and claims depending therefrom, are patentably novel and inventive.
Moreover, Applicant asserts that no new matter has been introduced herein. Thus, for all
of the reasons presented above, Applicant respectfully requests an early allowance of

claims 1-12 and 21-25 pending in the present application.
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The Commissioner is hereby authorized to charge payment of any additional fees

associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
Respectfully Submitted,
FARJAMI & FARJAMI LLP
Date: 2 Z-
Michael Farjami, Esq.
Reg. No. 38,135
FARJAMI & FARJAMI LLP

26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
-Facsimile: (949) 282-1002

CERTIFICATE OF FACSIMILE TRANSMISSION

I hereby certify that this correspondence is being filed by
facsimile transmission to United States Patent and

Trademark Office at facsimile number 571-273-8300 on the
date stated below. The facsimile transmission rcport Indlcaled
that the facsimile transmission was successful.

Date of Facsimile: 2’/ 7/l ya

. A/

Name of Person Performing Facsimile Transmission

Signature Date
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December 7, 2011, '
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12/583,809 JORDAN, SADIKI

Office Action Summary Examiner Art Unit

EDWARD WOJCIECHOWICZ 2895

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IX Responsive to communication(s) filed on 26 September 2011.
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X] Claim(s) 1-12 and 21-25 is/are pending in the application.
ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-12 and 21-25 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)] The drawing(s) filed on _____is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[JSome * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) x Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [ Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20111203
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DETAILED ACTION

Election/Restrictions
Applicant’s election without traverse of claims 1-12 and 21-25 in the reply filed on 9-26-11 is

acknowledged.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis for
the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in

public use or on sale in this country, more than one year prior to the date of application for patent in

the United States.

Claims 1, 2, 4-10, 12, 21-23 and 25 are rejected under 35 U.S.C. 102(b) as being anticipated by
Beach et al (2010/0258912). See, as a representative example only, the configurations described in
[0017]. These include metal contacts (36) and (37) used in a llI-V compound semiconductor such as a
HEMT device, where the multi-layered contact may comprise a first titanium layer, an aluminum layer,
and additional “capping” layers such as a third layer of titanium and a layer of titanium nitride, as claimed.

In addition, Beach allows for the inclusion of silicon layers in the contact stack and an insulator layer

formed beneath the first metal layer when the multi-layered structure is used as a gate stack.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness
rejections set forth in this Office action:
(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.
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Claims 3, 11 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable over Beach et al
(2010/0258912) in view of Wohlmuth (2006/0027840). While Beach teaches the main features of the
claimed invention, this reference does not explicitly discuss using a tantalum nitride capping layer or the
use of a Schottky gate configuration. However, these features are taught by Wohimuth which also forms
multi-layered contact arrangements similar to Beach. See, by way of representative example only, the
discussion at [0028] and [0063] in Wohlmuth.

One skilled in the art would be motivated to incorporate these features of Wohimuth into the
device of beach because Beach already forms multi-layered contacts using similar materials, and these
electrode stacks would also be applicable for use in Schottky devices.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to EDWARD WOJCIECHOWICZ whose telephone number is (571)272-1739. The examiner
can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Drew Richards can be reached on (571) 272-1736. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

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

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.
/Edward Wojciechowicz/ Edward Wojciechowicz
Primary Examiner, Art Unit 2895 Primary Examiner
Art Unit 2895
EW: ew
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ENTRAL FAX CEN
SEP 26 201

Attorney Docket No.: 0400186

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Jordan Art Unit: 2895

' Serial No.: 12/583,809 Examiner: Wojciechowicz, Edward J.
Filing Date: 08/25/2009
For: Refractory Metal Nitride Capped

Electrical Contact and Method for
Fabricating Same

AMENDMENT AND RESPONSE TO OFFICE ACTION

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

Dear Sir/Madam:

This is in response to the Office Action dated June 24, 2011 in the above-
referenced patent application. Please enter and consider the following amendments and
remarks.

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.

50-0731.
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Attorney Docket No.: 0400186

In the Claims:

Claim 1 (original): An electrical contact for use on a semiconductor device, said
electrical contact comprising;:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer comprising a refractory metal nitride.

Claim 2 (original): The electrical contact of claim 1, wherein said capping layer

comprises titanium nitride (TiN).

Claim 3 (original): The electrical contact of claim 1, wherein said capping layer

comprises tantalum nitride (TaN).

Claim 4 (original): The electrical contact of claim 1, wherein said plurality of
metal layers includes respective first, second, and third metal layers, wherein said second
metal layer is formed between said first metal layer and said third metal layer, and said

capping layer is formed on said third metal layer.

Claim 5 (original): The electrical contact of claim 4, wherein said first metal

layer and said third metal layer of said electrode stack comprise titanium (T1).
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Attorney Docket No.: 0400186

Claim 6 (original): The electrical contact of claim 4, wherein said second metal

layer of said electrode stack comprises aluminum (Al).

Claim 7 (original): The electrical contact of claim 6, wherein said second metal

layer of said electrode stack further comprises silicon (Si).

Claim 8 (original): The electrical contact of claim 1, wherein said electrical

contact is configured for implementation on a group III-V semiconductor device.

Claim 9 (original): The electrical contact of claim 8, wherein said group HI-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 10 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group I11-V

semiconductor device.

Claim 11 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented as a gate electrode making Schottky contact with said group III-V

semiconductor device.
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Attorney Docket No.: 0400186

Claim 12 (original): The electrical contact of claim 8, wherein said electrical
contact is implemented with a gate insulator layer underling said first metal layer of said
electrode stack to provide an insulated gate electrode for said group III-V semiconductor

device.

Claims 13-20 (canceled)

Claim 21 (new): An electrical contact for use on é group III-V semiconductor
device, said electrical contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of inetal layers;

said capping layer comprising a metal selected from the group consisting of

titanium nitride (TiN) and tantalum nitride (TaN).

Claim 22 (new): The electrical contact of claim 21, wherein said group III-V

semiconductor device comprises a high electron mobility transistor (HEMT).

Claim 23 (new): The electrical contact of claim 21, wherein said electrical
contact is implemented as a power electrode making ohmic contact with said group IlII-V

semiconductor device.
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Attorney Docket No.: 0400186

Claim 24 (new): The electrical contact of claim 21, wherein said electrical
contact is implemented as a gate electrode making Schottky contact with said group 11I-V

semiconductor device.

Claim 25 (new): The electrical contact of claim 21, wherein said electrical
contact is implemented with a gate insulator layer underling a first metal layer of said
electrode stack to provide an insulated gate electrode for said group 111-V semiconductor

device.
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REMARKS
Prior to the present amendment and response, claims 1-20 were pending in the
present application. By the present amendment and response, the present application has
been restricted to claims 1-12 for prosecution, while claims 13-20 have been canceled. In
addition, new claims 21-25 have been introduced. In summary, claims 1-12 and 21-25
are now pending in the present application.
Applicant requests an early examination and/or allowance of claims 1-12 and 21-

25 pending in the present application.
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Attorney Docket No.: 0400186

The Commissioner is hereby authorized to charge payment of any additional fees
associated with this communication, or credit any overpayment to Deposit Account No.
50-0731.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

A~

Date: Z’{ // , %/’

“ Michael Farjami, Esq.
Reg. No. 38,135

FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000 -
Facsimile: (949) 282-1002

CERTIFICATE OF FACSIMILE TRANSMISSION

I hereby certify that this correspondence is being filed by
facsimile transmission to United States Patent and

Trademark Office at facsimile number 571-273-8300 on the
date stated below. The facsimile transmission report indicated
that the facsimile transmission was successful.

Date of Facsimile: q '(J’l.p ‘I l
Nicole Yumphera

Nanmie of Person I’erfonﬁing Facsimile Transmission

IWumphory Ll

Signature Date
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CENTRAL FAX CEN
SEP 26 201 RECEVED

CENTRA!. FAX CEN
FARJAMI & FARJAMI P SEP 26 201

AN INTELLECTUAL PROPERTY LAW FIRM

www.farjami.com

26522 La Alameda Avenue, Suite 360
Mission Viejo, California 92691

tel: (949) 282-1000

fax: (949) 282-1002

FACSIMILE TRANSMISSION COVER SHEET

Date: September 26, 2011

To: United States Patent and Trademark Office
Examiner: Wojciechowicz, Edward Joseph; Art Unit: 2895

Fax: {571) 273-8300

Re: Application Serial No.: 12/583,809
Filing Date: 8/25/2009; First-Named Inventor: Jordan
Attorney Docket No.: 0400186

From: Farjami & Farjami LLP

Number of pages including the cover sheet: 11

Message:

Enclosed please find the Response to Office Action dated June 24, 2011.

Payment for the Second Month Extension Fee in the Amount of $560.00 is hereby
enclosed on Form PTO-2038.

Thank you.

The documents accompanying this facsimile contain PRIVILEGED AND CONFIDENTIAL information intended only foruse of the
individuat or entity named above. Ifyou are not the intended recipient, disclosure, copying, distribution or use of the contents of this
facsimile information is prohibited. 1f you have received this facsimile in error, please inmediatcly notify us by telephone and return
the original facsimnile to us at the above address via U.S. Postal Service. We will reimburse you for all expenses incurred.
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REGEIVED
ENTRAL FAX CEN

SEP 26 201
Attorney Docket No.: 0400186

AMENDMENT COVER SHEET

IN RE APPLICATION OF: Jordan
SERIAL NO.: 12/583.809 FILED: 08/25/2009
FOR: Refractory Metal Nitride Capped Electrical Contact and Method for Fabricating Same

HONORABLE COMMISSIONER FOR PATENTS
P.O. Box 1450, Alexandria, VA 22313-1450

Sir/Madam:

Transmitted herewith is a paper in the above-identified application. Any necessary extension of time period set for this paper
is hereby requested.

O No additional fee is required.

B4 The fee has been calculated as shown below:

X EXTENSION FEE

FIRST MONTH AFTER TIME PERIOD SET 150.00 7500 | §
SECOND MONTH AFTER TIME PERIOD SET 560.00 280.00 | $560.00
THIRD MONTH AFTER TIME PERIOD SET 1,270.00 635.00 | §
FOURTH MONTH AFTER TIME PERIOD SET 1,980.00 99000 | $

X TOTAL EXTENSION FEE §$ 560.00

O FEE FOR EXTRA CLAIMS added by Amendment in this response:

Column 1 Column 2 Column 3
] umber of ~ RATE o ;
FEXti Non-Small | . - RATE 7 :
-Entity .| --Small Esitity -
TOTAL CLAIMS 17 MINUS #*2¢0 *=0 x 60 x30 ] $
INDEPENDENT 2 MINUS *¥#*3 *=0 x 250 x1251 8
First presentation of multiple dependent claim + 450 +2251 &

TOTAL FEE FOR EXTRA CLAIMS $ 0.00

* If the entry in Column I is less than the entry of Column 2, write "0” in Column 3.

> If the number of Total Claims previously paid for is less than 20, write "207 in this space.
¥¥*  Ifthe number of Independent Claims previously paid for is less than 3, write "3” in this space.

09/28/2011 WNARZIE 00000005 12563809

01 FCa1252 560.00 0P
IR-3429
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O ® O

X

RECEIVED
CENTRAL FAX CEN
SEP 25 201

Attorney Docket No.: 0400186

Total fee for Supplemental Information Disclosure Statement $
Enclosed is the total fee of $ 560.00 (Payment by Credit Card, Form PTO-2038 Enclosed).
Please charge Deposit Account No. 50-0731 in the amount of $

The Commissioner is hereby authorized to charge payment of any additional fees associated with this communication,

or credit any overpayment to Deposit Account No. 50-0731.

Date: y/Z{///
/ /

Michael Farjami, Esq.

Farjami & Farjami LLP

26522 La Alameda Ave., Suite 360
Mission Viejo, CA 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

““Michael Farjami, Reg, No. 38,135

CERTIFICATE OF FACSIMILE TRANSMISSION

L hereby certify that this corrcspondence is being filed by
facsitnile transmission to United States Patent and
Trademark Office at facsimile number 571-273-8300 on the
date stated below. The facsimile transmission report
indicated that the facsimile transmission was successful.

.04 1)
j]khunpﬁ\u@’

Signaturc

Nicole. umphes

Name of Person Pcrt'onnir[g Facsimile Transmission

2
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:

/ANGELA JONES/

PATENT APPLICATION FEE DETERMINATION RECORD | Applcation or Docket Number | Filing Date
Substitute for Form PTO-875 12/583,809 08/25/2009 | [ To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
D Basic Fee N/A N/A N/A N/A 330
| ____(STCFR1.16(a). (b) or (c))
[ searcH Fee N/A N/A N/A N/A
| (37CFR1.16(k (). or (m))
EXAMINATION FEE
(37 GFR 1.16(0), (p), o (a)) N/A N/A N/A N/A 220
TOTAL GLAS — - on [xs -
INDEPENDENT CLAIMS . N _ _
(37 CFR 1.16(h)) minus 3 = X$ = Xs =
If the specification and drawings exceed 100
n sheets of paper, the application size fee due
ASF;PCI’_’lgﬁﬂISN SIZE FEE is $250 ($125 for small entity) for each
( 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL 550
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
— 09/26/2011 AFTER PREVIOUSLY EXTRA RATE (8 FEE ($) RATE (%) FEE ($)
E AMENDMENT PAID FOR
s ;I'?;%\)(smm 17 Minus | = 20 -0 Xs$ = OR | X $60= 0
(@]
4 T B mins | -3 -0 Xs__- on § X seco- 0
<§( l:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
“TOTAL TOTAL
ADD’L OR ADD’L 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | Fee (g RATE($) FEE (9)
— AMENDMENT PAID FOR
E T?e‘(?)‘) (37 CFR . Minus | * - Xs = orR I xs =
S E inus | - - X8 P -
E I:I Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O.Box 1450
Alexandria, Virginia 22313-1450
WWW.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
12/583,809 08/25/2009 Sadiki Jordan 0400186 7180
25700 7590 06/24/2011
EXAMINER
FARJAMI & FARJAMI LLP |
26522 LA ALAMEDA AVENUE, SUITE 360 WOJCIECHOWICZ, EDWARD JOSEPH

MISSION VIEJO, CA 92691

| ART UNIT | PAPER NUMBER
2895
| MAIL DATE | DELIVERY MODE
06/24/2011 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

12/583,809 JORDAN, SADIKI

Office Action Summary Examiner Art Unit

EDWARD WOJCIECHOWICZ 2895

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) fledon _____
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4K Claim(s) 1-20is/are pending in the application.

4a) Of the above claim(s) ______is/are withdrawn from consideration.
5)[] Claim(s) _____is/are allowed.
6)[] Claim(s) _____is/are rejected.
70 Claim(s) is/are objected to.
8)[X Claim(s) 1-20 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[]] The drawing(s) filed on is/are: a)[] accepted or b)[T] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
1)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[JAIl  b)[J Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No. ______
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [ Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20110620
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Application/Control Number: 12/583,809 Page 2
Art Unit: 2895

DETAILED ACTION

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I Claims 1-12, drawn to a device, classified in class 257, subclass 763.

I. Claims 13-20, drawn to a method, classified in class 438, subclass 421.

The inventions are distinct, each from the other because of the following reasons:

Inventions | and Il are related as process of making and product made. The inventions are
distinct if either or both of the following can be shown: (1) that the process as claimed can be used to
make another and materially different product or (2) that the product as claimed can be made by another
and materially different process (MPEP § 806.05(f)). In the instant case the nitride capping layer may be
formed in situ..

Restriction for examination purposes as indicated is proper because all these inventions listed in
this action are independent or distinct for the reasons given above and there would be a serious search
and/or examination burden if restriction were not required because at least the following reason(s) apply:

Each invention requires a separate classified search.

Applicant is advised that the reply to this requirement to be complete must include (i) an
election of a invention to be examined even though the requirement may be traversed (37 CFR 1.143)
and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To reserve a right to petition,
the election must be made with traverse. If the reply does not distinctly and specifically point out
supposed errors in the restriction requirement, the election shall be treated as an election without
traverse. Traversal must be presented at the time of election in order to be considered timely. Failure to
timely traverse the requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are
added after the election, applicant must indicate which of these claims are readable upon the elected

invention.
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Should applicant traverse on the ground that the inventions are not patentably distinct, applicant
should submit evidence or identify such evidence now of record showing the inventions to be obvious
variants or clearly admit on the record that this is the case. In either instance, if the examiner finds one of
the inventions unpatentable over the prior art, the evidence or admission may be used in a rejection
under 35 U.S.C. 103(a) of the other invention.

Any inquiry concerning this communication or earlier communications from the examiner should
be directed to EDWARD WOJCIECHOWICZ whose telephone number is (571)272-1739. The examiner
can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Drew Richards can be reached on (571) 272-1736. The fax phone number for the organization where
this application or proceeding is assigned is 571-273-8300.

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

or access to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.
/Edward Wojciechowicz/ Edward Wojciechowicz
Primary Examiner, Art Unit 2895 Primary Examiner
Art Unit 2895
EW: ew
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Title

Refractory metal nitride capped electrical contact and method for frabricating same
Preliminary Class
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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 (1-866-999-4158).

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
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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ﬁIGNE INTERNATIONAL RECTIFIER CORPORATION (EL SEGUNDO, CA)
Inventor(s): Sadiki Jordan
For: “Refractory Metal Nitride Capped Electrical Contact and Method for Fabricating Same”

This application is a 3 Continuation 0O Divisional O Continuation-in-part (CIP) of prior application
No.: .

Enclosed are:

Three (3) Sheets of drawings

[0 Request for Non-Publication (Form PTO/SB/35 (11-00))
O Separate Payment Form PTO-2038 for $40.00 is Attached for Assignment of the invention to:
O The enclosed payment includes §  for the recording of the assignment
O Applicant(s) claim(s) small entity status
[0 Information Disclosure Statement
O Preliminary Amendment
Declaration and Power of Attorney
The filing fee has been calculated as shown below:
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SEARCH FEE $270.00 $540.00
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INDEPENDENT CLAIMS 2 -3= 0 x $110.00= $ x $220.00 = $
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O  Please charge Deposit Account No. 50-0731 in the amount of $ .

The Commissioner is hereby authorized to charge payment of any additional fees associated with this
communication, or credit any overpayment to Deposit Account No. 50-0731.

MICHAEL FARJAMI, ESQ.
Date._ £/ 24/59 _ W
/Sl "R
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Application, Commissioner for Patents, P.O. Box 1450,
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Michael Farjami, Esgq. -
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United States Patent Application
DECLARATION

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as
stated below next to my name; that I verily believe I am the original, first and sole inventor (if only one
name is listed below) or a joint inventor (if plural inventors are named below) of the subject matter which
is claimed and for which a patent is sought on the invention entitled: REFRACTORY METAL NIT RIDE
CAPPED ELECTRICAL CONTACT AND METHOD FOR FABRICATING SAME.

The specification of which

a. [Xlis attached hereto

b. O was filed on as application serial no. and was amended on
(if applicable) (inthe case of a PCT-filed application) described and claimed in

international no. filed and as amended on (if any), which 1

have reviewed and for which I solicit a United States patent.

I hereby state that I have reviewed and understand the contents of the above-identified specification,.
including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information, which is material to patentability of this application as
defined in Section 1.56 of Title 37, Code of Federal Regulations (see the last page attached hereto).

I hereby claim foreign priority benefits under Title 35, United States Code, Sections 119/365 of any
foreign application(s) for patent or inventor's certificate listed below and have also identified below any
foreign application for patent or inventor's certificate having a filing date before that of the application on
the basis of which priority is claimed:

a. [X] no such applications has been filed.
b. O such applications have been filed as follows:

FOREIGN APPLICATION(S), IF ANY, CLAIMING PRIORITY UNDER 35 USC Section 119

COUNTRY APPLICATION NUMBER DATE OF FILING DATE OF ISSUE
(day, month, year) (day, month, year)

ALL FOREIGN APPLICATIONS, IF ANY, FILED BEFORE THE PRIORITY APPLICATION(S)

COUNTRY APPLICATION NUMBER DATE OF FILING DATE OF ISSUE
(day, month, year) (day, month, year)
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I hereby claim the benefit under Title 35, United States Code, Sections 119 and 120/365 of any United
States and PCT international application(s) listed below and, insofar as the subject matter of each of the
claims of this application is not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, Section 112, I acknowledge the duty to disclose
information material to patentability, as defined in Section 1.56 of Title 37, Code of Federal Regulations,
which occurred between the filing date of the prior application and the national or PCT international filing

date of this application.

U.S. APPLICATION NUMBER

DATE OF FILING

STATUS

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 like 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 jeopardize the validity of the application or any patent issued thereon.

FULL NAME OF INVENTOR: Sadiki Jordan

RESIDENCE ADDRESS OF INVENTOR: 2403 W. 237th St.; Torrance, CA 90501

CITIZENSHIP OF INVENTOR: U.S.A.

SIGNATURE OF INVENTOR: Mﬂ‘; 22’&, JQ A DATE: Adﬁ()&k 9 } ZOOﬂ
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§ 1.56 Duty to disclose information material to patentability.

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information known to that individual to be material to patentability as defined in this section. The duty to disclose information
exists with respect to each pending claim until the claim is cancelled or withdrawn from consideration, or the application
becomes abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from consideration
need not be submitted if the information is not material to the patentability of any claim remaining under consideration in the
application. There is no duty to submit information which is not material to the patentability of any existing claim. The duty to
disclose all information known to be material to patentability is deemed to be satisfied if all information known to be material
to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by
§§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with which fraud on the Office
was practiced or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office
encourages applicants to carefully examine:

(1) Prior art cited in search reports of a foreign patent office in a counterpart application, and

(2) The closest information over which individuals associated with the filing or prosecution of a patent application believe any
pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office.

(b) Under this section, information is material to patentability when it is not cumulative to information aiready of record or
being made of record in the application, and

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; or
(2) It refutes, or is inconsistent with, a position the applicant takes in:

(i) Opposing an argument of unpatentability relied on by the Office, or

(ii) Asserting an argument of patentability.

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable
under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable
construction consistent with the specification, and before any consideration is given to evidence which may be submitted in an
attempt to establish a contrary conclusion of patentability.

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are:
(1) Each inventor named in the application;
(2) Each attorney or agent who prepares or prosecutes the application; and

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is associated
with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application.

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the
attorney, agent, or inventor.

(e) In any continuation-in-part application, the duty under this section includes the duty to disclose to the Office all information
known to the person to be material to patentability, as defined in paragraph (b) of this section, which became available between
the filing date of the prior application and the national or PCT international filing date of the continuation-in-part application.

Page 3 IR-3429

Page 162 of 186



Attorney Docket No.: 0400186
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BACKGROUND OF THE INVENTION

DEFINITION

In the present application, “group III-V semiconductor” refers to a compound
semiconductor that includes at least one group III element and at least one group V
element, such as, but not limited to, gallium nitride (GaN), gallium arsenide (GaAs),
aluminum gallium arsenide (AlGaAs), indium gallium nitride (InGaN) and the like.
Analogously, “IlI-nitride semiconductor” refers to a compound semiconductor that
includes nitrogen and at least one group III element, such as, but not limited to, GaN,
AlGaN, InN, AIN, InGaN, InAlGaN and the like.

l. FIELD OF THE INVENTION

The present invention is generally in the field of semiconductor device fabrication.
More specifically, the present invention is in the field of fabrication of compound
semiconductor devices.

2. BACKGROUND ART

It is generally desirable to merge the enhanced power handling capabilities of
group III-V semiconductor power devices, such as II-nitride power transistors, and the
energy efficiency and ease of fabrication of lower power silicon, or other group IV
semiconductor devices, on a common die. However, traditional techniques for
fabricating I1I-nitride power transistors make monolithic integration of those devices with
commonly used silicon devices quite challengi'ng.

For example, I1I-nitride power semiconductor device fabrication typically includes

forming electrical contacts, such as ohmic source/drain contacts, having a low Specific
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Linear Contact Resistivity (SCLR). Conventional approaches to implementing electrical
contacts displaying suitably low SCLR values on IlI-nitride devices have utilized
aluminum as part of an electrode stack, and a noble metal, such as gold to form a capping
layer of the stack. As a specific example, an electrical contact stack comprising pure
films of titanium, aluminum, and nickel, capped with gold, has been widely used.

This conventional approach entails several significant drawbacks, however. One
drawback is that use of gold as a capping layer is costly. Another is that gold has been
found to diffuse through the electrode stack, as well as capping it, so that some gold
undesirably appears at the interface of the electrical contact and the III-nitride
semiconductor body. Yet another significant drawback to the use of gold as a capping
layer is its propensity to contaminate a silicon fabrication process flow. Consequently,
despite its favorable contribution to desirable SCLR values, the conventional approach to
using gold as a capping layer for electrical contacts formed on IlI-nitride power
semiconductor devices makes it particularly difficult to integrate those devices with
silicon devices.

Thus, there is a need to overcome the drawbacks and deficiencies in the art by
providing an electrical contact for use on a group III-V semiconductor device that renders
integration of group III-V and group IV semiconductor devices more efficient and cost
effective by posing a reduced contamination risk to silicon, or other group IV

semiconductor fabrication process flows.

2. IR-3429
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SUMMARY OF THE INVENTION

A refractory metal nitride capped electrical contact and method for fabricating
same, substantially as shown in and/or described in connection with at least one of the

figures, as set forth more completely in the claims.

3. IR-3429
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing a group III-V semiconductor device including
a plurality of refractory metal nitride capped electrical contacts, according to one
embodiment of the present invention.
5 Figure 2 is a more detailed block diagram showing a refractory metal nitride
capped electrical contact, according to one embodiment of the present invention.
Figure 3 is a flowchart presenting a method for fabricating a refractory metal

nitride capped electrical contact, according to one embodiment of the present invention.

4- IR-3429
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a refractory metal nitride capped electrical
contact and a method for its fabrication. More specifically, the present invention
discloses such a contact for implementation as an electrode on a semiconductor device,
such as a group III-V power semiconductor device, for example. Although the present
inventive concepts are described with respect to specific embodiments, the principles of
the invention, as defined by the claims appended herein, can obviously be applied beyond
the specifically described embodiments of the invention described herein. Moreover, in
the description of the present invention, certain details have been left out in order to not
obscure the inventive aspects of the invention. The details left out are within the
knowledge of a person of ordinary skill in the art.

The drawings in the present application and their accompanying detailed
description are directed to merely example embodiments of the invention. To maintain
brevity, other embodiments of the invention, which use the principles of the present
invention, are not specifically described in the present application and are not specifically
illustrated by the present drawings. It should be borne in mind that, unless noted
otherwise, like or corresponding elements among the figures may be indicated by like or
corresponding reference numerals.

Figure 1 is a block diagram showing an example group III-V semiconductor
device including a plurality of refractory metal nitride capped electrical contacts,
according to one embodiment of the present invention. Structure 100, in Figure 1, shows

a specific implementation of the present inventive concepts. It should be understood that
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particular details such as the materials used to form structure 100 and the semiconductor
device represented by structure 100, for example, are provided for conceptual clarity, and
should not be interpreted as limitations.

As shown in Figure 1, structure 100 comprises a group III-V semiconductor high
electron mobility transistor (HEMT) implemented in gallium nitride (GaN). Structure
100 includes substrate 102, transition structure 104, and GaN body 110 comprising GaN
layer 112 and aluminum gallium nitride (AlGaN) layer 114. Structure 100 also includes
a plurality of electrical contacts including source electrode 136, drain electrode 138, and
insulated gate electrode 132. Further shown in Figure 1 is two-dimensional electron gas
(2DEG) 116, which provides a conduction channel for the charge carriers of the HEMT,
and is generated at the heterojunction formed by the interface of GaN layer 112 and
AlGaN layer 114, in GaN body 110.

Substrate 102 may comprise any commonly utilized substrate material for GaN,
such as sapphire, silicon, or silicon carbide, for example. As shown in Figure 1, in the
present embodiment, GaN body 110 is formed over transition structure 104, which is
itself formed over substrate 102. It is noted that the present embodiment is merely one
representation of a group I1I-V semiconductor device, however, and in other
embodiments, transition structure 104 may not be utilized. For example, where substrate
102 is a suitable native substrate for GaN layer 112, GaN layer 112 may be formed on
substrate 102, eliminating transition structure 104 entirely.

Where, however, as in the present embodiment, transition structure 104 is used,

transition structure 104 may correspond to a plurality of distinguishable layers mediating
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the lattice transition from substrate 102 to GaN layer 112. Transition structure 104 may
include, for example, a series of AlGaN layers comprising progressively less aluminum
nitride and more gallium nitride, until a suitable transition to GaN layer 112 is achieved.

Source electrode 136 and drain electrode 138 are power electrodes ohmically
coupled to the heterojunction formed by GaN layer 112 and AlGaN layer 114. Moreover,
insulated gate electrode 132 is situated between source electrode 136 and drain electrode
138, on GaN body 110. As shown in Figure 1, each of source electrode 136, drain
electrode 138, and insulated gate electrode 132 comprises electrode stack 120. Electrode
stack 120 includes a refractory metal nitride capping layer (not explicitly shown in Figure
1), such as a titanium nitride (TiN) capping layer, for example. As further shown in
Figure 1, insulated gate electrode 132 includes gate insulator layer 134, such as a silicon
nitride (Si3N,) or silicon dioxide (Si0O,) layer, for example, underlying electrode stack
120. It is noted that although in the embodiment of Figure 1, gate electrode 132 is shown
as an insulated gate electrode, in other embodiments, gate electrode 132 comprising
electrode stack 120 may make Schottky contact with GaN body 110.

Turning now to Figure 2, Figure 2 is a more detailed block diagram showing a
refractory metal nitride capped electrical contact, according to one embodiment of the
present invention. Figure 2 shows electrical contact 230 comprising electrode stack 220.
Electrical contact 230 may be seen to correspond to any of source electrode 136, drain
electrode 138, or insulated gate electrode 132, in Figure 1. Electrode stack 220, which
corresponds to electrode stack 120 in Figure 1, includes first titanium (Ti) layer 222,

aluminum (Al) layer 224, second Ti layer 226, and TiN capping layer 228.

Page 170 of 186

IR-3429



10

15

20

Attorney Docket No.: 0400186

More generally, electrode stack 220 corresponds to an electrode stack including a
plurality metal layers, e.g., first Ti layer 222, Al layer 224, and second Ti layer 226, and a
capping layer comprising a refractory metal nitride. The expression “refractory metal”
may be interpreted in more than one way, as is commonly acknowledged in the art. For
the purposes of the present application, the wider definition of refractory metal to include
the elements Ti, zirconium (Zr), and vanadium (Vn), as well as the traditionally
recognized refractory metals niobium (Nb), molybdenum (Mo), tantalum (Ta), and
tungsten (W), is adopted. Thus, “refractory metal nitride” may refer to any of TiN, TaN,
ZiN, VN, NbN, MoN, and WN,, or any combination of those refractory nitride
compounds.

Moreover, the number and character of the plurality of metal layers 222, 224, and
226 of electrode stack 220 are merely exemplary. As a result, in other embodiments,
electrode stack 220 may comprise more, or fewer, metal layers underlying the refractory
metal nitride capping layer, e.g., TiN capping layer 228, and the plurality of metal layers
may be different from those shown in Figure 2. For example, second Ti layer 226 may in
other embodiments correspond to a nickel (Ni) layer, while in some embodiments Al
layer 224 may further comprise silicon (Si) up to approximately ten percent (10%) by
weight.

The present inventive concepts will be further described by reference to flowchart
300, in Figure 3, which describes the steps, according to one embodiment of the present
invention, of a method for fabricating a refractory metal nitride capped electrical contact.

It is noted that certain details and features have been left out of flowchart 300 that are

8- IR-3429
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apparent to a person of ordinary skill in the art. For example, a step may comprise one or
more substeps or may involve specialized equipment or materials, as known in the art.
While steps 310 through 360 indicated in flowchart 300 are sufficient to describe one
embodiment of the present invention, other embodiments of the invention may utilize
steps different from those shown in flowchart 300.

Beginning with step 310 of flowchart 300 and referring to Figures 1 and 2, step
310 of flowchart 300 comprises forming first Ti layer 222 of electrode stack 120 over
GaN body 110 formed over substrate 102. Any suitable deposition process may be used
to form first Ti layer 222. For example, first Ti layer 222 may be sputter deposited over
GaN body 110. Alternatively, Ti layer 222 may formed using a chemical vapor
deposition (CVD) or electron beam deposition process, for example. It is contemplated
that first Ti layer 222 is formed to a thickness of approximately 100 A, plus or minus
approximately ten percent (+/- 10%). Although the present embodiment refers to
formation of first Ti layer 222 over GaN body 110, it is emphasized that GaN body 110
may correspond to a body formed from any combination of suitable group III-V
semiconductor materials, as described in the “Definition” section above.

Typically, the only constraint placed upon the composition of GaN body 110 is
that it comprise at least one layer of a group III-V semiconductor mgterial. In some
embodiments, as shown in Figure 1, GaN body 110 may comprise a first group I1I-V
semiconductor layer, e.g., GaN layer 112, and a second group I1I-V semiconductor layer
formed over the first III nitride semiconductor layer, e.g., AlGaN layer 114 formed over

GaN layer 112, for example, wherein the second group III-V semiconductor layer
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comprises a group III-V semiconductor having a different, e.g., wider, band gap than the
group III-V semiconductor forming the first group III-V semiconductor layer.

Continuing with step 320 of Figure 3, step 320 of flowchart 300 comprises
forming Al layer 224 of electrode stack 120 over first Ti layer 222 of electrode stack 120.
As was the case for formation of first Ti layer 222, in step 310, formation of Al layer 224
in step 320 may proceed using any suitable deposition technique, such as sputter
deposition, CVD, or electron beam deposition. As shown in Figure 2, in the present
embodiment, Al layer 224 is formed to a greater thickness than first Ti layer 222. Al
layer 224 may be formed to a thickness of approximately 1300 A, plus or minus
approximately ten percent (+/- 10%), for example.

Moving to. step 330 of flowchart 300, step 330 comprises forming second Ti layer
226 of electrode stack 120 over Al layer 224 of electrode stack 120. Once again,
formation of second Ti layer 226 in step 330 may proceed using any suitable deposition
technique, such as sputter deposition, CVD, or electron beam deposition. As shown in
Figure 2, in the present embodiment, second Ti layer 226 is formed to a thickness greater
than that of first Ti layer 222, and less than that of Al layer 224, but that representation is
merely exemplary. In the present embodiment, for example, second Ti layer 226 may be
formed to a thickness of approximately 680 A, plus or minus approximately ten percent
(+/- 10%).

Continuing with step 340 of flowchart 300, step 340 comprises depositing biased
reactive TiN capping layer 228 over second Ti layer 226. As is well known in the art, a

species of TiN having a particularly high density, i.e., “biased reactive TiN” (also
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referred to in the art as “gold” TiN), can be formed by deposition of TiN onto a body
supported by a substrate to which an appropriate biasing voltage is applied, in the
presence of nitrogen gas with which the TiN reacts. Thus, in one embodiment, substrate
102 supporting GaN body 110, in Figure 1, may receive a biasing voltage during
deposition of TiN capping layer 228 of electrode stack 120, in a deposition chamber to
which nitrogen gas has been introduced.

As shown in Figure 2, in the present embodiment, TiN capping layer 228 is
formed to a thickness comparable to that of second Ti layer 226. For example, TiN
capping layer 228 may be formed to a thickness of approximately 600 A, plus or minus
approximately ten percent (+/- 10%). As previously mentioned, other embodiments may
employ a different refractory metal nitride capping layer in place of TiN capping layer
228. For instance, in one embodiment, refractory metal nitride capping of electrode stack
220 may be performed by a TaN capping layer corresponding to TiN capping layer 228.

In step 350 of flowchart 300, TiN capping layer 228, second Ti layer 226, Al layer
224, and first Ti layer 222 may be patterned and plasma etched to form one or more of
electrode stacks 120 over GaN body 110. Subsequently, in step 360, electrode stacks 120
are annealed at approximately 850 °C for approximately sixty seconds to produce one or
more electrical contacts, e.g., source contact 136 and/or drain contact 138, on GaN body
110. In some embodiments, annealing of electrode stacks 120, in step 360, may be
performed in the presence of nitrogen gas.

Thus, according to the present invention, the novel refractory metal nitride capped

electrical contact described herein presents significant advantages over the conventional
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art, such as rendering integration of group III-V and group IV semiconductor devices
more efficient and cost effective by posing a reduced contamination risk to silicon, or
other group IV semiconductor fabrication process flows.

From the above description of the invention it is manifest that various techniques
can be used for implementing the concepts of the present invention without departing
from its scope. Moreover, while the invention has been described with specific reference
to certain embodiments, a person of ordinary skill in the art would recognize that changes
can be made in form and detail without departing from the spirit and the scope of the
invention. The described embodiments are to be considered in all respects as illustrative
and not restrictive. It should also be understood that the invention is not limited to the
particular embodiments described herein, but is capable of many rearrangements,

modifications, and substitutions without departing from the scope of the invention.
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CLAIMS

1. An electrical contact for use on a semiconductor device, said electrical
contact comprising:

an electrode stack including a plurality of metal layers and a capping layer formed
over said plurality of metal layers;

said capping layer comprising a refractory metal nitride.

2. The electrical contact of claim 1, wherein said capping layer comprises

titanium nitride (TiN).

3. The electrical contact of claim 1, wherein said capping layer comprises

tantalum nitride (TaN).

4. The electrical contact of claim 1, wherein said plurality of metal layers
includes respective first, second, and third metal layers, wherein said second metal layer
is formed between said first metal layer and said third metal layer, and said capping layer

is formed on said third metal layer.

5. The electrical contact of claim 4, wherein said first metal layer and said

third metal layer of said electrode stack comprise titanium (Ti).

13-
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6. The electrical contact of claim 4, wherein said second metal layer of said

electrode stack comprises aluminum (Al).

7. The electrical contact of claim 6, wherein said second metal layer of said

electrode stack further comprises silicon (Si).

8. The electrical contact of claim 1, wherein said electrical contact is

configured for implementation on a group III-V semiconductor device.

9. The electrical contact of claim 8, wherein said group III-V semiconductor

device comprises a high electron mobility transistor (HEMT).

10.  The electrical contact of claim 8, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group II1I-V

semiconductor device.
11.  The electrical contact of claim &, wherein said electrical contact is

implemented as a gate electrode making Schottky contact with said group III-V

semiconductor device.

-14- IR-3429

Page 177 of 186



10

20

Attorney Docket No.: 0400186

12.  The electrical contact of claim 8, wherein said electrical contact is
implemented with a gate insulator layer underling said first metal layer of said electrode

stack to provide an insulated gate electrode for said group III-V semiconductor device.

13. A method for fabricating an electrical contact for use on a semiconductor
device, said method comprising:

forming an electrode stack including a plurality of metal layers over said

semiconductor device; and

depositing a refractory metal nitride capping layer for said electrode stack over

said plurality of metal layers.

14.  The method of claim 13, wherein said depositing said refractory metal
nitride capping layer includes biasing a substrate supporting said semiconductor device
while performing a deposition process in the presence of nitrogen gas to form a biased

reactive refractory metal nitride capping layer.

15. The method of claim 13, wherein said depositing said refractory metal

nitride capping layer comprises depositing a titanium nitride (TiN) capping layer.

16.  The method of claim 13, wherein said depositing said refractory metal

nitride capping layer comprises depositing a tantalum nitride (TaN) capping layer.

-15-

Page 178 of 186

IR-3429



10

Attorney Docket No.: 0400186

17.  The method of claim 13, wherein said forming said electrode stack
comprises forming a first metal layer comprising titanium (Ti), forming a second metal
layer comprising aluminum (Al) over said first metal layer, and forming a third metal

layer comprising (Ti) over said second metal layer.
18.  The method of claim 13, further comprising forming one of a Schottky
metal layer and a gate insulator layer between said electrode stack and said

semiconductor device.

19.  The method of claim 13, further comprising annealing said electrode stack

at a temperature of less than approximately 875 °C.

20.  The method of claim 13, wherein said semiconductor device comprises a

group III-V semiconductor device.
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ABSTRACT
According to one disclosed embodiment, an electrical contact for use on a
semiconductor device comprises an electrode stack including a plurality of metal layers
and a capping layer formed over the plurality of metal layers. The capping layer
5 comprises a refractory metal nitride. In one erﬁbodiment, a method for fabricqting an
electrical contact for use on a semiconductor device comprises forming an electrode stack
including a plurality of metal layers over the semiconductor device, and depositing a
refractory metal nitride capping layer of the electrode stack over the plurality of metal
layers. The method may further comprise annealing the electrode stack at a temperature
10  of less than approximately 875 °C. In some embodiments, the method may additionally
include forming one of a Schottky metal layer and a gate insulator layer between the

electrode stack and the semiconductor device.
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300

4

Form a first titanium layer over a GaN body
formed over a substrate

310

Form an aluminum layer over the first
titanium layer

320

Form a second titanium layer over the
aluminum layer

330

Deposit a biased reactive titanium nitride
capping layer over the second titanium layer
in the presence of nitrogen gas

340

Pattern and etch the titanium nitride capping
layer, the second titanium layer, the
aluminum layer, and the first titanium layer to
form one or more electrode stacks over the
GaN body

350

Anneal the electrode stacks at approximately
850 °C for approximately 60 seconds to
produce one or more electrical contacts on

the GaN body 360
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