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.
14/447,069 08/29/2017 9748347 200371-00053 7150
24998 7590 08/09/2017
Blank Rome LLP
1825 EYE STREET NW

Washington, DC 20006-5403

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 64 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):

Jianjun Cao, Torrance, CA;

Efficient Power Conversion Corporation, EISegundo, CA;
Alexander Lidow, Marina Del Rey, CA;

Alana Nakata, Redondo Beach, 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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/447,069 07/30/2014 2822 730 200371-00053 16 3
CONFIRMATION NO. 7150
24998 CORRECTED FILING RECEIPT

1805 EE STREET NW 0 A

Washington, DC 20006-5403
Date Mailed: 07/10/2017

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jianjun Cao, Torrance, CA;
Alexander Lidow, Marina Del Rey, CA;
Alana Nakata, Redondo Beach, CA;
Applicant(s)
Efficient Power Conversion Corporation, EISegundo, CA;

Power of Attorney: The patent practitioners associated with Customer Number 24998

Domestic Priority data as claimed by applicant
This application is a CIP of 13/838,792 03/15/2013 PAT 8890168
which is a DIV of 12/756,960 04/08/2010 PAT 8404508
which claims benefit of 61/167,777 04/08/2009
This application 14/447,069
claims benefit of 61/860,976 08/01/2013

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

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

Permission to Access Application via Priority Document Exchange: No

Permission to Access Search Results: No
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 08/07/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/447,069

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

GATE WITH SELF-ALIGNED LEDGE FOR ENHANCEMENT MODE GaN TRANSISTORS
Preliminary Class

257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

Complete and send this form, together with the applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22314-1450
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
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address
as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE
ADDRESS" for maintenance fee notifications.

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

Note: A certificate of mailing can only be used for domestic
mailings of the Fee(s) Transmittal. This certificate cannot be used
24998 for any other accompanying papers. Each additional paper, such as
an assignment or formal drawing, must have its own certificate of
BLANK ROME LLP mailing or transmission. ¢
1825 Eye Street, NW Certificate of Mailing or Transmission
Washington, DC 20006-5403 1 hereby certify that this Fee(s) Transmittal is being deposited with
the United States Postal Service with sufficient postage for first
class mail in an envelope addressed to the Mail Stop ISSUE FEE
address above, or being facsimile transmitted to the USPTO (571)
273-2885, on the date indicated below.

{Depositor's Name)
(S-signature)
(Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
14/447,069 07/30/2014 Jianjun Cao E0101.0053 7150
TITLE OF INVENTION: GATE WITH SELF-ALIGNED LEDGE FOR ENHANCEMENT MODE GaN TRANSISTORS
APPLN: TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV.PAIDISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480.00 $495.00 07/05/2017
| EXAMINER | "ARTUNIT | CLASS-SUBCLASS |
J. C. Niesz 2822
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address" (37CFR 1.363). (1) The names of up to 3 registered patent attomeys 1. Blank Rome LLP
D Change of correspondence address (or Change of | oragents OR, altematively,
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member a
"Fee Address" indication (or "Fee Address" Indication registered attomey or agent) and the names of up
form PTO/SB/47; Rev 03-02 or more recent) attached. Use of tf) 2 registered qttomeyA or agent. If no name is
a Customer 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.

la. NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Efficient Power Conversion Corporation El Segundo, California
Please check the appropriate assignee categories (will not be printed on the patent): D Individual Corporation or other private group entity D Government
4a. The following fee(s) are submitted: 4b. Payment of Fees(s): (Please first reapply and previously paid fee shown above)
Issue Fee I:] A check is enclosed
D Publication Fee (No small entity discount permitted) Payment be credit card. Form PTO-2038 is attached
Advance Order - # of Copies 5 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number  23-2185  (enclose an extra copy of this form)

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

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

D 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.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be notification of loss of entitlement to small or micro
° entity status, as applicable.

NOTE: This form must be signed in accordange with 37 CFR 1.31 and J.33. Seg 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature ﬁ / Q W - Date June 28,2017

Typed or printed name Stephen A. Soffen Registration No. 31,063
PTOL-85 Part B (06-14) Approved for use through 10/31/2016 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

200371.00053/105851323
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Docket No.: E0101.0053
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit: 2822

For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: J. C. Niesz
ENHANCEMENT MODE GaN TRANSISTORS

REQUEST FOR CORRECTED FILING RECEJIPT

Office of Initial Patent Examination's Filing Receipt Corrections
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicant hereby requests that a corrected Filing Receipt be issued in the above-
identified patent application. The official Filing Receipt received by Applicant, a copy of which is

attached hereto, has an error in the Title.

The title should read, --GATE WITH SELF-ALIGNED LEDGE[[D]] FOR
ENHANCEMENT MODE GaN TRANSISTORS--. A Request for Corrected Filing Receipt
requesting correction of the title was originally filed on January 23, 2015 (copy attached).

Applicant additionally requests that all pertinent U.S. Patent and Trademark Office

records relating to the subject application be changed to reflect this correction.

200371.00053/105851399
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Application No.: 14/447,069 Docket No.: E0101.0053

Dated: June 28, 2017 Respectfplly submittew
o il

Stepvhen A. Soffen o
Registration No.: 31,063

BLANK ROME LLP

1825 Eye Street, NW

Washington, DC 20006-5403
(202) 420-2200
Attorney for Applicant

200371.00053/105851399
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Docket No.: E0101.0032
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit:
For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: N/A

ENHANCEMENT MODE GaN
TRANSISTORS

REQUEST FOR CORRECTED FILING RECEIPT

Office of Initial Patent Examination
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicants hereby request that a corrected Filing Receipt be issued in connection
with the above-identified patent application. The Domestic Application was omitted from
the official Filing Receipt received by Applicants. The Domestic Application should read

as the following:

This appln claims benefit of 61/860,976 08/01/2013

Page 9 of 330



Application No.: 14/447,069 Docket No.: E0101.0032

The official Filing Receipt received by Applicant has an incorrect title. The title

should read as the following;:

GATE WITH SELF-ALIGNED LEDGE FOR ENHANCEMENT MODE GaN
TRANSISTORS ‘

A marked-up copy of the official Filing Receipt showing the error and necessary

correction is attached.

Applicant additionally requests that all pertinent U.S. Patent and Trademark

Office records relating to the subject application be changed to reflect this correction.

Dated: January 23, 2015 Respeﬁfully subz;;/e{i,
By —

Stephen A. Soffen ll
Registration No.: 31,063

1825 Eye Street NW

Washington, DC 20006-5403

(202) 420-2200

Attorney for Applicant
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UniteD STATES PATENT AND TRADEMARK OFFIGE

e Y S VT
UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: gngMIlSASS{]O.\IER FOR PATENTS

. Box

Aloxandria, Virginia 22313-1450
WWW.USPLO ROV

r_A—PPLICAﬂON FILING or GRP ART
NUMBER 371(c) DATE UNIT | FIL FEE RECD l ATTY.DOCKET.NO ITOT cmmslnm cmmsl
14/447,069 07/30/2014 2811 730 E0101.0032.0S 16 3
CONFIRMATION NO. 7150
24998 FILING RECEIPT

DICKSTEIN SHAPIRO LLP

1655 EYE STRELT AW TN

Washington, DC 20006-5403
Date Mailed: 08/07/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to coliection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jianjun Cao, Torrance, CA;
Alexander Lidow, Marina Del Rey, CA;
Alana Nakata, Redondo Beach, CA;
Applicant(s)
Efficient Power Conversion Corporation, ElSegundo, CA
Power of Attorney: The patent practitioners associated with Customer Number 24998 CI
Domestic Applications for which benefit is claimed - Nene Thi$ O\fplﬂ Claums b“\(gr" 0% (Ml?@) % 08101 /90]3
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for

domestic benefit. See 37 CFR 1.76 and 1.78.

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

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

1f Required, Foreign Filing License Granted: 08/07/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/447,069

Projected Publication Date: 02/04/2016

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **
: page 10of 3
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Title

GATE WITH SELF-ALIGNED LEDGEXFOR ENHANCEMENT MODE GaN TRANSISTORS
Preliminary Class

257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an internationat
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 faw of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

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

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

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

page 2 of 3
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Electronic Acknowledgement Receipt

EFSID: 21298362
Application Number: 14447069
International Application Number:
Confirmation Number: 7150

Title of Invention:

GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN

TRANSISTORS
First Named Inventor/Applicant Name: Jianjun Cao
Customer Number: 24998

Filer:

Stephen A. Soffen/Deborah Proctor

Filer Authorized By:

Stephen A. Soffen

Attorney Docket Number:

£0101.0032.US

Receipt Date: 23-JAN-2015
Filing Date: 30-JUL-2014
Time Stamp: 18:02:01

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document D tD ipti File Nam File Size(Bytes)/ Multi Pages
Number ocument Description < Message Digest | Part/.zip| (ifappl.)
2205240
1 E01010032.pdf yes 39
829312d606bdc70636a20967821d95d742|
50915¢
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Multipart Description/PDF files in .zip description
Document Description Start End

Transmittal Letter 1 2

Information Disclosure Statement (IDS) Form (SB08) 3 3

Other Reference-Patent/App/Search documents 4 5

Foreign Reference 6 34

Request for Corrected Filing Receipt 35 39

Warnings:
Information:
Total Files Size (in bytes){ 2205240

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503,

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the applicationas a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application Data Sheet

Inventor Information

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Page # 1

Page 15 of 330

1

Jianjun

Cao

Torrance

CA

us

5323 Bindewald Rd.
Torrance

CA

90505-8712

2

Alexander

Lidow

Marina Del Rey

CA

us

129 Channel Pointe Mall
Marina Del Rey

CA

90292

New 07/30/2014
DSMDB-3274271 v1



Inventor Number:: 3

Given Name:: Alana

Family Name:: Nakata

City of Residence:: Redondo Beach

State or Province of Residence:: CA

Country of Residence:: us

Street of mailing address:: 611 N. Irena Avenue, Unit M
City of mailing address:: Redondo Beach

State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 90277-2968

Correspondence Information

Correspondence Customer Number:: 24998

Application Information

Application Type:: Regular
Subject Matter:: Utility
CD-ROM or CD-R?:: None
Sequence submission?:: None
Computer Readable Form (CRF)?:: No
Title:: GATE WITH SELF-ALIGNED
LEDGE FOR ENHANCEMENT
MODE GaN TRANSISTORS
Page # 2 New 07/30/2014

DSMDB-3274271 v1
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Attorney Docket Number:: EO0101.0032.US

Request for Early Publication?:: No
Request for Non-Publication?:: No
Total Drawing Sheets: 6
Small Entity?:: Yes
Petition included?:: No
Portions or all of the application associated with No

this Application Data Sheet may fall under a
Secrecy Order pursuant to 37 CFR 5.2::

Authorization to Permit Access to the Instant No

Application by the Participating Offices::

This application (1) claims priority to or the benefit No
of an application filed before March 16, 2013 and

(2) also contains, or contained at any time, a claim

to a claimed invention that has an effective filing

date on or after March 16, 2013::

Representative Information

Representative Customer Number:: 24998

Page #3 New 07/30/2014
DSMDB-3274271 v1
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Domestic Priority Information

Application:: Continuity Type:: Parent Application:: | Parent Filing Date::

This application An application 61/860,976 08/01/13
claiming the benefit
under 35 USC
119(e)

Applicant Information

Applicant Type:: Assignee

Organization Name:: Efficient Power Conversion
Corporation

Street of mailing address:: 909 N. Sepulveda Boulevard
Suite 230

City of mailing address:: El Segundo

State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 90245

/
Signature:

A signature of the applicant or represefitative is required in accordance with 37 CFR 1.33 and 10.18.
Please see 37 CFR 1,4(;4) for the fornj/of the signature.

Signature XA oL ecxfed] — Date July 30, 2014

Name L, Vi Registration No.
(Print/Type} Stephen A. Soffen {Attorney/Agent)

31,063

Page # 4 New 07/30/2014
DSMDB-3274271 vl

Page 18 of 330



Electronic Patent Application Fee Transmittal

Application Number:

14447069

Filing Date:

30-Jul-2014

Title of Invention:

GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN
TRANSISTORS

First Named Inventor/Applicant Name:

Jianjun Cao

Filer:

Stephen A. Soffen/Cheryl de Lopez

Attorney Docket Number:

200371-00053

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in

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

UTILITY APPL ISSUE FEE 2501 1 480 480
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Description Fee Code Quantity Amount Suz-;g(t:)l in
Extension-of-Time:
Miscellaneous:
Printed copy of patent - no color 8001 5 3 15
Total in USD ($) 495
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Electronic Acknowledgement Receipt

EFS ID: 29638078
Application Number: 14447069
International Application Number:
Confirmation Number: 7150
Title of Invention: GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN
: TRANSISTORS
First Named Inventor/Applicant Name: Jianjun Cao
Customer Number: 24998
Filer: Stephen A. Soffen/Cheryl de Lopez
Filer Authorized By: Stephen A. Soffen
Attorney Docket Number: 200371-00053
Receipt Date: 28-JUN-2017
Filing Date: 30-JUL-2014
Time Stamp: 16:08:52
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $495
RAM confirmation Number 062917INTEFSW16092900
Deposit Account
Authorized User

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

Document Document Description File Name File Size(Bytes)/ Multi Pages
Number P Message Digest | Part/.zip| (if appl.)
422576
1 issuefeeOFRp053.pdf yes 13

412da03162e1725da9fbf757a9534b4e07
3fe7

Multipart Description/PDF files in .zip description

Document Description Start End
Issue Fee Payment (PTO-85B) 1 1
Request for Corrected Filing Receipt 2 13
Warnings:
Information:
32343
2 Fee Worksheet (SB06) fee-info.pdf no 2
9 dac5915087.
7bb25
Warnings:
Information:
Total Files Size (in bytes){ 454919

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

I EXAMINER |
24998 7590 04/05/2017
Blank Rome LLP NIESZ, JAMIE C
1825 EYE STREET NW
Washington, DC 20006-5403 I ART UNIT PAPER NUMBER |
2822
DATE MAILED: 04/05/2017
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
14/447,069 07/30/2014 Jianjun Cao E0101.0032.US 7150

TITLE OF INVENTION: GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN TRANSISTORS

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

nonprovisional SMALL $480 $0 $0 $480 07/05/2017

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 3
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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

24998 7590 04/05/2017 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Blank Rome 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

1825 EYE STREET NW transmitted to the USPTO (571) 273-2885. on the date indicated below.

Washington, DC 20006-5403

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/447,069 07/30/2014 Jianjun Cao E0101.0032.US 7150
TITLE OF INVENTION: GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN TRANSISTORS
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 07/05/2017

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
NIESZ, JAMIE C 2822 257-194000
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 name is 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) : [ Individual 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 credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
14/447,069 07/30/2014 Jianjun Cao E0101.0032.US 7150
I EXAMINER |
24998 7590 04/05/2017
Blank Rome LLP NIESZ, JAMIE C
1825 EYE STREET NW
Washington, DC 20006-5403 I ART UNIT PAPER NUMBER |

2822

DATE MAILED: 04/05/2017

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

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

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

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

Page 3of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 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, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

7. 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.

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)

14/447,069 CAO ET AL.
. I i i AlA (First Inventor to File)
Notice of Allowability EX:ATE'“C‘"rN . gg‘zg"" Status

Yes

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

1. X This communication is responsive to the Amendment filed February 16, 2017.
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 12,13 and 16. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

a)[J Al b)[Some *c)[] None of the:
1. [] Certified copies of the priotity 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.

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

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

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

Attachment(s)

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

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

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

IJAMIE C NIESZ/
Primary Examiner, Art Unit 2822

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170316
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Application/Control Number: 14/447,069 Page 2
Art Unit: 2822

DETAILED ACTION
1. This office action is in response to the Amendment filed February 16, 2017.
2. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

EXAMINER’S AMENDMENT
3. An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.
4. The application has been amended as follows:
In the claims:
Claim 12. A method for manufacturing an enhancement-mode GaN transistor,
the method comprising:
forming a GaN layer;
forming a barrier layer on the GaN layer;
depositing source and drain contacts on the barrier layer;
depositing a p-type gate material on the barrier layer;
depositing a gate metal on the p-type gate material;
forming a photoresist over the gate metal;
etching the gate metal and the p-type gate material, wherein the step of

etching the p-type gate material comprises forming side surfaces of the p-type
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Application/Control Number: 14/447,069 Page 3
Art Unit: 2822

gate material that extend horizontally towards the source and drain contacts,
respectively, and contact the barrier layer; and
etching the gate metal to form a pair of ledges on the p-type gate material

below the gate metal.

Allowable Subject Matter

5. Claim 12, 13 and 16 are allowed.
6. The following is an examiner’s statement of reasons for allowance:
7. Regarding claim 12, the prior art of record fails to disclose “wherein the step of

etching the p-type gate material comprises forming side surfaces of the p-type gate
material that extend horizontally towards the source and drain contacts, respectively,
and contact the barrier layer; and etching the gate metal to form a pair of ledges on the
p-type gate material below the gate metal,” as shown in Applicant’s Figs. 6B and 6C, in
combination with the rest of the limitations in the claim. These limitations, in the method
as claimed in claim 12, are neither anticipated nor made obvious by the prior art of
record, in the Examiner's opinion.

8. Claims 13 and 16 depend from claim 12 and are therefore also found allowable.
9. Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 14/447,069 Page 4
Art Unit: 2822

Conclusion
10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JAMIE C. NIESZ whose telephone number is (303)297-
4333. The examiner can normally be reached on Monday through Friday 10-6 EST.
11.  Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.
12.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Brett Feeney can be reached on 571-270-5484. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.
13.  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.

/JAMIE C NIESZ/

Primary Examiner
Art Unit 2822
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Notice of References Cited

14/447,069

Application/Control No.

Reexamination

Applicant(s)/Patent Under

CAOET AL.
Examiner Art Unit
JAMIE C. NIESZ 2822 Page 1of 1

U.S. PATENT DOCUMENTS

* Counts?olgg—?\lztm,\éirzi; Code MM[?31$YY Name CPC Classification US Classification
* A | US-2006/0273347 A1 12-2006 Hikita; Masahiro HO1L29/7783 257/192
* B | US-2006/0157735 A1 07-2006 Kanamura; Masahito HO01L29/42316 257/194
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Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 46 of 330




Application No. 14/447,069 Docket No.: E0101.0053
Reply to Office Action of February 6, 2017

REMARKS

Claims 12, 13 and 16 are pending in the present application. Independent claim 12 has

been amended. Claims 14 and 15 have been canceled.

Claims 12-14 and 16 are rejected under 35 U.S.C. 103 as obvious over Hikita et al. (US
2006/0273347) in view of Kanamura et al. (US 2006/0157735). Claim 15, which depends from
claim 14, which in turn depends from independent claim 12, is indicated to contain allowable

subject matter.

Applicant accepts the allowable subject matter of claim 15, and accordingly has
amended independent claim 12 to incorporate the subject matter of claims 14 and 15, and these two
claims have now been canceled. The application is therefore submitted to be in condition for

allowance.

The Director is hereby authorized to charge any deficiency or credit any overpayment in
the fees filed, asserted to be filed or which should have been filed herewith (or with any paper
hereafter filed in this application by this firm) to our Deposit Account No. 23-2185, under Order
No. E0101.0053.

Dated: February 16,2017 Respectfully submitted,

s, Mtz O]

Stephen A. Soffen ' |
Registration No.: 31,063

BLANK ROME LLP

1825 Eye Street, NW

Washington, DC 20006-5403

(202) 420-2200

Attorney for Applicant
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Application No. 14/447,069 Docket No.: E0101.0053
Reply to Office Action of February 6, 2017

AMENDMENTS TO THE CLAIMS

Claims 1-11. (Canceled)

12.  (Currently amended) A method for manufacturing an enhancement-mode GaN
transistor, the method comprising:

forming a GaN layer;

forming a barrier layer on the GaN layer;

depositing source and drain contacts on the barrier layer;

depositing a p-type gate material on the barrier layer;

depositing a gate metal on the p-type gate material;

forming a photoresist over the gate metal;

etching the gate metal and the p-type gate material, wherein the step of etching the p-

type gate material comprises forming side surfaces of the p-type gate material that extend

horizontally towards the source and drain contacts, respectively, and contact the barrier

layer; and
etching the gate metal to form pair of ledges on the p-type gate material below the

gate metal.

13.  (Previously presented) The method according to claim 12, wherein the step of
etching the gate metal comprises etching the gate metal to reduce a width of the gate metal,

such that the width of the gate metal is less than a width of the p-type gate material.
Claims 14-15. (Canceled)

16.  (Previously presented) The method according to claim 12, wherein the pair of

ledges of the p-type gate material are self-aligned.

17.  (Canceled)
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Application No. Applicant(s)
14/447,069 CAOET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
JAMIE C. NIESZ 2822 f(‘gtsus

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

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

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

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

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

Status
1) Responsive to communication(s) filed on 30 December 2016.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] 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
__ ;therestriction 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) 12-16is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7\ Claim(s) 12-14 and 16is/are rejected.

8)X] Claim(s) 15 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)[C] 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/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170131
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Application/Control Number: 14/447,069 Page 2
Art Unit: 2822

DETAILED ACTION
1. This office action is in response to the Request for Continued Examination (RCE)
filed December 30, 2016.
2. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Continued Examination Under 37 CFR 1.114
3. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

December 14, 2016 has been entered.

Priority
4. Prior-filed applications, Applicant Nos. 13/838,792, 12/759,960, and 61/167,777,
now provided adequate support for the claims, as amended. Accordingly, claim 12 and

its dependents are entitled to the benefit of the above noted prior-filed applications.

Claim Rejections - 35 USC § 112

5. The rejection of claim 17 under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),

second paragraph, has been obviated by amendment and is therefore withdrawn.
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Application/Control Number: 14/447,069 Page 3
Art Unit: 2822

Claim Rejections - 35 USC § 103
6. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary sKill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

7. Claims 12-14 and 16 are rejected under 35 U.S.C. 103 as being unpatentable
over Hikita et al. (U.S. Patent Pub No. 2006/0273347) in view of Kanamura et al. (U.S.
Patent Pub. No. 2006/0157735).
8. Regarding claim 12, Hikita discloses a method for manufacturing an
enhancement-mode GaN transistor (Figs. 8A-8F), the method comprising:
forming a GaN layer (Fig. 8A, 403);
forming a barrier layer (Fig. 8A, 404) on the GaN layer (403);
depositing a p-type gate material (Fig. 8A, 405 and 406) on the barrier
layer (404);
depositing a gate metal (Fig. 8F, 411) on the p-type gate material (405
and 406);
etching (Fig. 8B) the p-type gate material (405 and 406); and
forming a pair of ledges (Fig. 8F) on the p-type gate material (405 and
406) below the gate metal (411).
9. Hikita, however, does not specifically disclose forming a photoresist over the gate

metal, etching the gate metal, and etching the gate metal to form the pair of ledges.
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Art Unit: 2822

Attention is brought to the Kanamura reference, which discloses a similar method of
forming a gate electrode (Fig. 6A) comprising depositing the gate metal (24) on a
material (4); forming a photoresist (not shown) over the gate metal (24, § [0053]);
etching the gate metal (24, € [0054]); and etching the gate metal (24) to form a pair of
ledges on the material (4) below the gate metal (24, see Fig. 6A). It would have been
obvious to one having ordinary skill in the art at the time the invention was made to
modify the method disclosed by Hikita to include forming a photoresist over the gate
metal, etching the gate metal, and etching the gate metal to form the pair of ledges, as
taught by Kanamura, since photolithography is a common patterning method which
would allow the gate electrode to be easily formed to the desired size and shape.

10. Regarding claim 13, Kanamura discloses wherein the step of etching the gate
(24) metal comprises etching the gate metal (24) to reduce a width of the gate metal
(24), and Hikita disclose wherein the width of the gate metal (411) is less than a width of
the p-type gate material (405 and 406).

11.  Regarding claim 14, Hikita further discloses depositing source and drain contacts
(409 and 410) on the barrier layer (404).

12.  Regarding claim 16, Hikita and Kanamura disclose wherein the pair of ledges of
the p-type gate material (Hikita, 405 and 406) are self-aligned (due to the patterning of

the gate metal by Kanamura).
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Allowable Subject Matter
13.  Claim 15 is objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the
base claim and any intervening claims.
14.  Regarding claim 15, the prior art of record fails to disclose "forming side surfaces
of the p-type gate material that extend horizontally towards the source contact and the
drain contact, respectively” in combination with the rest of the limitations in claims 15,

14 and 12.

Conclusion
15.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JAMIE C. NIESZ whose telephone number is (303)297-
4333. The examiner can normally be reached on Monday through Friday 10-6 EST.
16.  Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.
17.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Brett Feeney can be reached on 571-270-5484. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.
18. Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for
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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.

IJAMIE C NIESZ/

Primary Examiner
Art Unit 2822
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ADJ

HON

2017/01/27
14:33

105

(gate with ledge) and barrier

us
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

HON

2017/01/27
16:01

S28

181

(gate with ledge).ab.

us
PGPUB;
USPAT;
USOCR,
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
09:15

(gate with ledge).ab. and 2DEG

us-
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
09:17

S30

3913

iigate and 2DEG

us
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
09:19

S31

2637

i{barrier and 2DEG

us
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
09:19

S32

1068

i{barrier and 2DEG and (etch$4 with gate)

us
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
09:19

S33

1032

2DEG and (pattern$4 with gate)

us
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
11:40

S34

479

2DEG and (pattern$4 with gate with (resist or mask or photoresist or photo-resist))

us
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
11:40

22

"11856687"
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PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

12:05

2DEG and (cap near3 self-aligned)

us
PGPUB;
USPAT;
USOCR,
FPRS;
EPO; JPO;
DERWENT

ADJ

HON

2017/01/30
12:06

13

2DEG and (p-type gate material)

us-
PGPUB;
USPAT;
USOCR,;
FPRS;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
12:09

((HO1L29/42316 or HO1L21/283).cpc. or (257/194).ccls.) and ((photoresist or resist) same
(isotropically with gate with etch$4))

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/30
12:24

S39

iisss

((HO11L29/42316 or HO1L21/283).cpc. or (257/194).ccls.) and ((photoresist or resist) same
(gate with etch$4))

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

HON

2017/01/30
12:24

$42

108

"5985687"

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/31
09:10

us-5985687-$.did.

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/31
09:10

us-20080006845-$.did.

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

HON

2017/01/31
09:11

{us-20080296618-$.did.

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/31
09:11

{jus-20060273347-$.did.

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/31
09:18

47

us-6537838-$.did.

us
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/31
09:18

us-6235547-$.did.

(§53
PGPUB;
USPAT;
USOCR,;
EPO; JPO;
DERWENT

ADJ

ON

2017/01/31
09:19

$49

{jus-4987462-$.did.
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PTO/SB/30 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

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

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

Request for Application Number 14/447,069-Conf. #7150
Continued Examination (RCE) Filing Date July 30, 2014

Transmittal First Named Inventor Jianjun Cao

Address to: -

Mail Stop RCE Art Unit 2822

Commissioner for Patents Examiner Name J. C. Niesz

P.O. Box 1450

Alexandria, VA 22313-1450 Attorney Docket Number | E0101.0053

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

1. l Submission required under 37 CFR 1.114 [ Note: If the RCE is proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such
amendment(s).

a. Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action
may be considered as a submission even if this box is not checked.

i. Consider the arguments in the Appeal Brief or Reply Brief previously filed on

i, Other Amendment filed December 14, 2016
b~l:] Enclosed

i DAmendmentheply iii. D Information Disclosure Statement (IDS)

ii. IjAffidavit(s)/DecIaration(s) iv. [:]Other

2. Miscellaneous

a. l:l Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

b.[_] other

3. The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.

a. The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any
overpayments, to Deposit Account No. 23-2185 .
i RCE fee required under 37 CFR 1.17(e)
ii. D Extension of time fee (37 CFR 1.136 and 1.17)
ii. || other
b. D Check in the amount of $ enclosed

(3 Payment by credit card (Form PT0O-2038 enclosed)
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authorization on PTO-2038.

SAGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED
/1
‘ , i Date December 30, 2016

Signature

Name (Print/Type) ¥ Stephen A. Soffén Registration No. | 31,063

200371.00053/104657386
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Electronic Patent Application Fee Transmittal

Application Number: 14447069

Filing Date: 30-Jul-2014

. . GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN
Title of Invention:

TRANSISTORS
First Named Inventor/Applicant Name: Jianjun Cao
Filer: Stephen A. Soffen/Cheryl de Lopez
Attorney Docket Number: E0101.0032.US
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Suz-;l'g(t:)l in
Miscellaneous:
RCE- 1st Request 2801 1 600 600
Total in USD ($) 600
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Electronic Acknowledgement Receipt

EFS ID: 27938149
Application Number: 14447069
International Application Number:
Confirmation Number: 7150
Title of Invention: GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN
: TRANSISTORS
First Named Inventor/Applicant Name: Jianjun Cao
Customer Number: 24998
Filer: Stephen A. Soffen/Cheryl de Lopez
Filer Authorized By: Stephen A. Soffen
Attorney Docket Number: E0101.0032.US
Receipt Date: 30-DEC-2016
Filing Date: 30-JUL-2014
Time Stamp: 12:18:26
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $600
RAM confirmation Number 010317INTEFSW12190300
Deposit Account
Authorized User

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

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
115100
1 Request forContnglLEJed Examination RCEp032.pdf no 1
( ) e0f485a4c58cae2eaccfbe6bbdf32eaf2edf|
Warnings:
This is not a USPTO supplied RCE SB30 form.
Information:
30531
2 Fee Worksheet (SB06) fee-info.pdf no 2
501cc1a%59dc5fd74db991b475cfed4a7b
Warnings:
Information:
Total Files Size (in bytes)1 145631

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

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

PATENT APPLICATION FEE DETERMINATION RECORD | Arelication or Docket Number Filing Date
Substitute for Form PTO-875 14/447,069 07/30/2014 | [ o be Mailed
ENTITY: [ LARGE [X] smALL [] MICRO

APPLICATION AS FILED — PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), o (c))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'g';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 16(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
- 12/30/2016 | arrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S ;I'?g(%\) (87 CFR L) Minus | = 20 =0 x $40 = 0
5 5
G s R ey -1 Minus | 3 -0 x $210= 0
<§( l:l Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
& me(\))( Minus - X $ =
Independent " : xx
% $37C€R1.16@ Minus = X' $ =
Z D Aoolicati .
] pplication Size Fee (37 CFR 1.16(s))
=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))

* |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”.

TOTAL ADD’L FEE
LIE

/CHRISTINE MOLLISH/

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

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/447,069 07/30/2014 Jianjun Cao E0101.0032.US 7150
24998 7590 122172016
EXAMINER

Blank Rome LLP | |
1825 EYE STREET NW NIESZ, JAMIE C
Washington, DC 20006-5403

| ART UNIT | PAPER NUMBER |

2822
| NOTIFICATION DATE | DELIVERY MODE |
12/21/2016 ELECTRONIC

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

following e-mail address(es):
#IPDocketing-DC @BlankRome.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Advisory Action 14/447,069 CAO ET AL.
Before the Filing of an Appeal Brief [Examiner Art Unit AIA (First Inventor to File) Status
JAMIE C. NIESZ 2822 Yes

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

THE REPLY FILED 14 December 2016 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
NO NOTICE OF APPEAL FILED
1. IX] 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 months from the mailing date of the final rejection.
b) x 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) |:| 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 FIRST 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) |Z 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) |:| 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. [:l Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the non-
allowable claim(s).
7. El For purposes of appeal, the proposed amendment(s): (a) [X] 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. D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

9. [ 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 nhot earlier
presented. See 37 CFR 1.116(e).

10. [ 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).

11. [ 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

12. [X] The request for reconsideration has been considered but does NOT place the application in condition for allowance because:
The amendment filed December 14. 2016 changes the scope of the claim and therefore requires further consideration and search. Accordingly.
the amendment has not been entered and the Applicant's arguments are moot. .
13. [] Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).
14. [ Other: .
STATUS OF CLAIMS

15. 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:

/JAMIE C NIESZ/
Primary Examiner, Art Unit 2822

U.S. Patent and Trademark Office
PTOL-3083 (Rev. 08-2013) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20161218
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DO NOT ENTER: /J.C.N/
12/18/2016

Docket No.: E0101.0053
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit: 2822
For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: J. C. Niesz
ENHANCEMENT MODE GAN
TRANSISTORS

AMENDMENT AFTER FINAL ACTION UNDER 37 C.F.R. §1.116

MS AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Madam:
INTRODUCTORY COMMENTS

In response to the Office Action dated November 22, 2016, finally rejecting claims 12-

17, please amend the above-identified U.S. patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper.

Remarks/Arguments begin on page 3 of this paper.

200371.00053/104411763
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Docket No.: E0101.0053
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit: 2822
For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: J. C. Niesz
ENHANCEMENT MODE GAN
TRANSISTORS

AMENDMENT AFTER FINAL ACTION UNDER 37 C.F.R. §1.116

MS AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Madam:
INTRODUCTORY COMMENTS

In response to the Office Action dated November 22, 2016, finally rejecting claims 12-

17, please amend the above-identified U.S. patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper.

Remarks/Arguments begin on page 3 of this paper.

200371.00053/104411763
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Application No. 14/447,069 Docket No.: E0101.0053
After Final Office Action of November 22, 2016

AMENDMENTS TO THE CLAIMS

Claims 1-11. (Canceled)

12. (Currently amended) A method for manufacturing an enhancement-mode GaN
transistor, the method comprising:

forming a GaN layer;

forming a barrier layer on the GaN layer;

depositing a p-type gate material on the barrier layer;

depositing a gate metal on the p-type gate material;

forming a photoresist over the gate metal;

etching the gate metal and the p-type gate material; and

isetropically etching the gate metal to form pair of ledges on the p-type gate material

below the gate metal.

13.  (Currently amended) The method according to claim 12, wherein the step of
isotropically etching the gate metal comprises etching the gate metal to reduce a width of the
gate metal, such that the width of the gate metal is less than a width of the p-type gate

material.

14.  (Original) The method according to claim 12, further comprising depositing source

and drain contacts on the barrier layer.

15.  (Previously presented) The method according to claim 14, wherein the step of
etching the p-type material comprises forming side surfaces of the p-type gate material that
extend horizontally towards the source contact and drain contact, respectively, and contact

the barrier layer.

16.  (Previously presented) The method according to claim 12, wherein the pair of

ledges of the p-type gate material are self-aligned.

17.  (Canceled)
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Application No. 14/447,069 Docket No.: E0101.0053
After Final Office Action of November 22, 2016

REMARKS

Claims 12-16 are pending in the present application. Claims 12 and 13 have been

amended. Claim 17 has been canceled.

Claim 12 has been amended to delete the term “isotropically,” such that claim 12, and
dependent claims 13-16, are now fully supported by the disclosure in parent application Lidow et al.
(US 2010/0258843). As noted by the Examiner on pages 4-5 of the Office Action, Lidow et al.
discloses each and every feature of the claimed invention except for “isotropically” etching the gate
metal to form a pair of ledges. Since independent claim 12 now simply recites “etching” the gate
metal, which is disclosed in Fig. 10 and paragraphs [0044] and [0045] of Lidow et al., independent
claim 12 is now fully supported and enabled by Lidow et al., and is entitled to the claimed priority,
thereby eliminating Lidow et al. as prior art. The prior art rejection of claims 12-17 under 35 U.S.C.
103 as obvious over Lidow et al. in view of Park (US 2004/0119110) is therefore no longer proper,

and should be withdrawn.

In view of the above amendment, applicant believes the pending application is in

condition for allowance.

The Director is hereby authorized to charge any deficiency or credit any overpayment in
the fees filed, asserted to be filed or which should have been filed herewith (or with any paper
hereafter filed in this application by this firm) to our Deposit Account No. 23-2185, under Order
No. E0101.0053.

Dated: December 14, 2016 Respectfully submitfed,
By =

Stephen A. Soffen
Registration No.: 31,063

BLANK ROME LLP

1825 Eye Street, NW

Washington, DC 20006-5403

(202) 420-2200

Attorney for Applicant

3
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Application No. Applicant(s)
14/447,069 CAOET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
JAMIE C. NIESZ 2822 f(‘gtsus

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

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

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

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

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

Status
1) Responsive to communication(s) filed on 18 March 2016.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
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) 12-17is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)X Claim(s) 12-17is/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)[C] 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) IZ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date 2/26/2016. ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20161115
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Art Unit: 2822

DETAILED ACTION
1. This office action is in response to the Amendment filed March 18, 2016.
2. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Priority
3. Applicant’s claim for the benefit of a prior-filed application under 35 U.S.C. 119(e)
or under 35 U.S.C. 120, 121, 365(c), or 386(c) is acknowledged. Applicant has not
complied with one or more conditions for receiving the benefit of an earlier filing date
under 35 U.S.C. 119(e), 120, and 121 as follows:
4. The later-filed application must be an application for a patent for an invention
which is also disclosed in the prior application (the parent or original nonprovisional
application or provisional application). The disclosure of the invention in the parent
application and in the later-filed application must be sufficient to comply with the
requirements of 35 U.S.C. 112(a) or the first paragraph of pre-AlA 35 U.S.C. 112,
except for the best mode requirement. See Transco Products, Inc. v. Performance
Contracting, Inc., 38 F.3d 551, 32 USPQ2d 1077 (Fed. Cir. 1994)
5. The disclosures of the prior-filed applications, Application Nos. 13/838,792,
12/759,960, and 61/167,777, fail to provide adequate support or enablement in the
manner provided by 35 U.S.C. 112(a) or pre-AlA 35 U.S.C. 112, first paragraph for one
or more claims of this application. Accordingly, claim 12 and its dependents are not

entitled to the benefit of the above noted prior filed applications.
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Claim Objections
6. The objections to claims 15 and 16 have been obviated by amendment and are

therefore withdrawn.

Claim Rejections - 35 USC § 112

7. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

8. The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

9. Claim 17 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards
as the invention.

10.  Claim 17 recites “after the step of isotropically etching the gate material.” This
limitation, however, is unclear because the gate material is not isotopically etched. The
limitation in question will therefore instead be read as “after the step of isotropically

etching the gate metal”

Claim Rejections - 35 USC § 103

11.  In the event the determination of the status of the application as subject to AIA 35

U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
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correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.

12.  The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences
between the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious before the effective filing date of the claimed invention to a person
having ordinary skill in the art to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

13. Claims 12-17 are rejected under 35 U.S.C. 103 as being unpatentable over
Lidow et al. (U.S. Patent Pub. No. 2010/0258843) in view of Park (U.S. Patent Pub. No.
2004/0119110).
14.  Regarding claim 12, Lidow discloses a method for manufacturing an
enhancement-mode GaN transistor (Fig. 10), the method comprising:

forming a GaN layer (13),

forming a barrier layer (14) on the GaN layer (13);

depositing a p-type gate material (15) on the barrier layer (14);

depositing a gate metal (17) on the p-type gate material (15);

forming a photoresist (§ [0026]) over the gate metal (17);

etching the gate metal (17) and the p-type gate material (15, §[0026]);

and
etching the gate metal (17) to form pair of ledges on the p-type gate

material (15) below the gate metal (17, §[0044]).
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15.  Lidow, however, does not specifically disclose wherein etching the gate metal to
form a pair of ledges comprises isotopically etching. Attention is brought to the Park
reference, which discloses a method comprising: depositing a gate material (Fig. 3, 107)
on a substrate (101); depositing a gate layer (Fig. 3, 109) on the gate material (107);
forming a photoresist (Fig. 3, 112) over the gate layer (109); etching the gate layer (109)
and the gate material (107, see Fig. 4); and isotropically etching the gate layer (Fig. 5,
109) to form pair of ledges on the gate material (107) below the gate layer (109,
[0040]). It would have been obvious to one having ordinary skill in the art at the time the
invention was made to modify the method disclosed by Lidow to include wherein etching
the gate metal to form a pair of ledges comprises isotopically etching, as taught by Park,
in order to selectively etch the sidewalls of the gate metal with respect to the p-type gate
material.

16.  Regarding claim 13, Lidow discloses wherein the step of [isotropically] etching
the gate metal (17) comprises etching the gate metal (17) to reduce a width of the gate
metal (17), such that the width of the gate metal (17) is less than a width of the p-type
gate material (15, see Fig. 10 and § [0044]).

17.  Regarding claim 14, Lidow further discloses depositing source (20) and drain
(19) contacts on the barrier layer (14).

18.  Regarding claim 15, Lidow discloses wherein the step of etching the p-type
material (15) comprises forming side surface of the p-type gate material (15) that extend
horizontally towards the source contact (20) and the drain contact (19), respectively,

and contact the barrier layer (14; see Fig. 10).

Page 85 of 330



Application/Control Number: 14/447,069 Page 6
Art Unit: 2822

19.  Regarding claim 16, Lidow discloses wherein the pair of ledges of the p-type gate
material (15) are self-aligned.
20. Regarding claim 17, Park further discloses removing the photoresist (112) after

the step of isotropically etching the gate [metal] (109, see Fig. 6 and § [0041]).

Response to Arguments
21.  Applicant's arguments filed March 18, 2016 have been fully considered but they
are not persuasive.
22.  The Applicant submits that “upon granting of the petition [for Unintentionally
Delayed Domestic Benefit Claim], Lidow is not prior art” (see Page 5 filed March 18,
2016). However, this is incorrect. As noted above, prior-filed applications 13/838,792,
12/759,960, and 61/167,777, fail to provide adequate support or enablement in the
manner provided by 35 U.S.C. 112(a) or pre-AlA 35 U.S.C. 112, first paragraph for
claim 12 of the instant application. Specifically, the step of "isotropically etching the
gate metal” does not have support. Accordingly, claim 12 and its dependents are not
entitled to the benefit of the above noted prior filed applications. Instead, the effective
filing date of claim 12 is the date of provisional application 61/860,976, i.e., August 1,
2013. Therefore, Lidow, U.S. Patent Pub. No. 2010/0258843, remains a proper 102(b)

reference.
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Conclusion
23. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).
24. 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
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.
25.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JAMIE C. NIESZ whose telephone number is (303)297-
4333. The examiner can normally be reached on Monday through Friday 10-6 EST.
26. If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Brett Feeney can be reached on 571-270-5484. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.
27. 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
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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.

/JAMIE C NIESZ/
Primary Examiner, Art Unit 2822

Page 88 of 330



Search Notes

Application/Control No.

Applicant(s)/Patent Under

Reexamination

14447069 CAOET AL.
JAMIE C NIESZ 2822
CPC- SEARCHED
Symbol Date Examiner
HO1L 29/42316 and HO1L 21/283 Dec. 14, 2015 JCN
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
257 194 Dec. 14, 2015 JCN
SEARCH NOTES
Search Notes Date Examiner
Text Search EAST (see search history) Dec. 14,2015 | JCN
Updated Text Search EAST (see search history) Nov. 15,2016 | JCN
Inventor Search EAST Nov. 15, 2016 JCN
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
Interference Search EAST (see search history) Dec. 14, 2015 JCN

U.S. Patent and Trademark Office

Page 89 of 330

Part of Paper No. : 20161115




EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {{Hits {{Search Query DBs Default {Plurals {iTime
# Operator Stamp
S1 40 "14447069" US-PGPUB; ADJ ON 2015/12/11
USPAT; USOCR; 12:23
EPO; JPO;
DERWENT
S2 i#b ("20090004872" | "20100258843" | {{US-PGPUB; ADJ ON 2015/12/11
"20130168743" | "6730552" | USPAT 12:35
"7939880").PN.
S3 18 (GaN) and enhancement and US-PGPUB; ADJ ON 2015/12/13
(isotropically with gate) USPAT; USCCR; 17:57
EPO; JPO;
DERWENT
S4 264 i(photoresist or resist) same US-PGPUB; ADJ ON 2015/12/13
(isotropically with gate with etch$4) {USPAT; USCCR; 17:59
EPO; JPO;
DERWENT
S5 #1111 i(photoresist or resist) same US-PGPUB; ADJ ON 2015/12/13
(isotropically with gate with etch$4 {USPAT; USCCR; 17:59
with (side or sidewall)) EPO; JPO;
DERWENT
S6 115935 i{(H011L29/42316 or HO1L21/283).cpc. :{US-PGPUB; ADJ ON 2015/12/14
or (257/194).ccls. USPAT; USCCR; 12:01
EPC; JPO;
DERWENT
S7 43 ((HO1L29/42316 or US-PGPUB; ADJ ON 2015/12/14
HO1L21/283).cpc. or (257/194).ccls.) §USPAT; USCCR; 12:01
and ((photoresist or resist) same EPO; JPO;
(isotropically with gate with DERWENT
etch$4))
9 4 "14447069" US-PGPUB; ADJ ON 2016/11/15
USPAT; USCCR; 12:29
FPRS; EPO; JPO;
DERWENT
S10 4 "13838792" US-PGPUB; ADJ ON 2016/11/15
USPAT; USCCR; 12:30
FPRS; EPO; JPO;
DERWENT
S11 111 H(photoresist or resist) same US-PGPUB; ADJ ON 2016/11/15
(isotropically with gate with etch$4 {jUSPAT; USCCR; 14:15
with (side or sidewall)) EPO; JPO;
DERWENT
S12 {1 tw "201314898" US-PGPUB; ADJ ON 2016/11/15
USPAT; USCCR; 14:16
EPO; JPG;
DERWENT
S13 2 (cao or lidow or nakata).in. and US-PGPUB; ADJ ON 2016/11/15
((photoresist or resist) same USPAT; USOCR; 14:19
(isotropically with gate with EPO; JPO;
etch$4)) DERWENT

EASTSearchHistory.14447069_Accessible Version.htm[11/15/2016 2:19:56 PM]

Page 90 of 330




EAST Search History

EAST Search History (I nterference)

Ref {Hits {{Search Query DBs Default Plurals {iTime

# Operator Stamp

S8 10 (GaN and gate metal and Photoresist {US-PGPUB; $ADJ ON 2015/12/14
and ledges).clm. USPAT 12:01

11/15/2016 2:19:52 PM
C:\ Users\ jniesz1\ Documents\ EAST\ Workspaces\ 14447069.wsp

EASTSearchHistory.14447069_Accessible Version.htm[11/15/2016 2:19:56 PM]

Page 91 of 330




Receipt date: 02/26/2016 14447069 - GAU: 2822

Used in Lieu of PTO/SB/08BA/B
(Based on PTO 10-07 version)

Complete if Known
Application Number 14/447,069
INFORMATION DISCLOSURE  |Fiiing Date July 30, 2014
STATEMENT BY APPLICANT  |FirstNamed inventor | Jianjun Cao

Substitute for form 1449/PTO

Art Unit 2822
(Use as many sheets as necessary) Examiner Name Niesz, Jamie C
Sheet ‘ 1 l of l 1 Attorney Docket Number |E0101.0032

U.S. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Date Name of Patentee or Rpggisa,n?ggsn;gsél;u:imzr;
ials” [ . 2 MM-DD-YYYY Applicant of Cited Document - assag
Inttials’ No." | Number-Kind Code” ( if known) Figures Appear
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Publication Pages, Columns, Lines,
Examiner | Cite 2 Date Name of Patentee or Where Relevant Passages | 12
Initials* No." | Country Code®-Number-Kind Code® (if known) | MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear
BA W 201232779 08-01-2012 N
BB |TW 201314898 04-01-2013

“EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. ' Applicant's unique citation designation number (optional). ? See Kinds Codes of
USPTO Patent Documents at www.uspte.qov or MPEP 901.04. ® Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). “For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5Kind of document
by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. BAppIicant is to place a check mark here if English language
Translation is attached.

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city T
and/or country where published.

Examiner| Cite
Initials No.'

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

'Applicant's unique citation designation number (optional). *Applicant is to place a check mark here if English language Translation is attached.

< English language abstract also enclosed.

Examiner Date
Signature jJAMIE C NEESZ/ Considered 11[‘15/2016

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH., /J.C.N/
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 14447069 CAOET AL.
Examiner Art Unit
JAMIE C NIESZ 2822
v Rejected - Cancelled Non-Elected A Appeal
= Allowed + Restricted Interference 0] Objected
[ Claims renumbered in the same order as presented by applicant O cpa O T.D. O R.1.47
CLAIM DATE
Final Original |09/15/2015|12/14/2015|11/15/2016
1 = N
2 = N
3 = N
4 + N
5 s N
6 + N
7 = N
8 = N
9 = N
10 s N
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15 + v v
16 = v v
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/447,069 07/30/2014 Jianjun Cao EO0101.0032.US
CONFIRMATION NO. 7150
24998

Blank Rome LLP
1825 EYE STREET NW
Washington, DC 20006-5403

PUB REQUEST ACCEPTANCE
LETTER

e

Date Mailed: 11/09/2016

NOTICE OF ACCEPTANCE OF PUBLICATION REQUEST

The request for voluntary publication, amended publication, early publication, redacted publication, republication,
corrected publication or revised publication has been received for this application. The request, including payment
of any necessary fee(s), is in compliance with 37 CFR 1.215, 1.217, 1.219 or 1.221.

The projected publication date is 02/16/2017.

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

/dterry/
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Office of Petitions: Routing Sheet

4700

Application No. 14/447,069

This application is being forwarded to your office for
further processing. A decision has been rendered on a
petition filed in this application, as indicated below.
For details of this decision, please see the document
PET.OP.DEC filed on the same date as this document.

x |GRANTED
DISMISSED
DENIED
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Office of Petitions: Decision Count Sheet

Application No.

14447069

For PCT: enter "51+single digit of

Mailing Month

T,

For US serial numbers: enter number only, no slashes or commas. Ex: 10123456

year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345

Deciding Official:

KAREN CREASY

Count (1) - Palm Credit

14/447,069

Decision: { GRANT -\

rovesvenos=m = [IINRIDAI
* G RANT *

[] select Check Box for YES

Decision Type: | 535 - 37 CFR 1.78(a)(3) & (a)(6) UNINTENTIONAL DELAY 1 ‘

UL

] select Check Box for YES

* 5 3
Notes:
Count (2)
o N . FINANCE WORK NEEDED ===
Decision: { n/a i

Decision Type: § NONE

i

Notes:
Count (3)
FINANCE WORK NEEDED ——
Decision: { n/a i
3 [ ] select Check Box for YES

Decision Type: i NONE .
Notes:

- Initials of Approving Official (if required) 2';?2;3é?i;:egzcifrist’h?sﬂszz Y
Printed on: 11/1/2016

Office of Petitions Internal Document - Ver. 5.0
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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. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/447,069 07/30/2014 Jianjun Cao E0101.0032.US 7150
24998 7590 11/04/2016
EXAMINER

Blank Rome LLP | |
1825 EYE STREET NW NIESZ, JAMIE C
Washington, DC 20006-5403

| ART UNIT | PAPER NUMBER |

2822
| NOTIFICATION DATE | DELIVERY MODE |
11/04/2016 ELECTRONIC

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

following e-mail address(es):
#IPDocketing-DC @BlankRome.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

In re Application of

Jianjun Cao et al :

Application No. 14/447,069 : DECISION DISMISSING PETITIONS
Filed: July 30, 2014 : UNDER 37 CFR 1.78(c) AND (e)
Attorney Docket No. E0101.0032.US

This is a decision on the renewed petition filed October 18, 2016, which is being
considered under 37 CFR §§ 1.78(c) and 1.78(e), to accept an unintentionally delayed
claim under 35 U.S.C. §§ 119(e) and 120 for the benefit of priority to the prior-filed
provisional and nonprovisional applications set forth in the concurrently filed Application
Data Sheet (ADS).

The petitions are GRANTED.

A petition for acceptance of a claim for late priority under 37 CFR §§ 1.78(c) and 1.78(e)
is only applicable to those applications filed after the expiration of the period specified in
37 CFR §§ 1.78(a)(4) and 1.78(d)(3). In addition, the petition under 37 CFR §§ 1.78(c)
and 1.78(e) must be accompanied by:

(1)  the reference required by 35 U.S.C. §§ 120 and 119(e) and 37 CFR §§ 1.78(d)(2)
and 1.78(a)(3) of the prior-filed application, which must be filed in an Application
Data Sheet, unless previously submitted;

(2) the petition fee set forth in § 1.17(m); and

(3) a statement that the entire delay between the date the claim was due under 37
CFR §§ 1.78(d)(3) and 1.78(a)(4) and the date the claim was filed was
unintentional. The Director may require additional information where there is a
question whether the delay was unintentional.

Additionally, the instant nonprovisional application must be pending at the time of filing
of the reference to the prior-filed provisional application, as required by 37 CFR 1.78(c).

Further, the nonprovisional application claiming the benefit of the prior-filed provisional
application must have been filed within twelve months of the filing date of the prior-filed
provisional application.

All the above requirements having been satisfied, the late claim for benefit of priority
under 35 U.S.C. §§ 120 and 119(e) is accepted as being unintentionally delayed.
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Application/Control Number: 14/447,069 Page 2
Art Unit: OPET

Petitioner is advised that this decision grants the petition to accept the
unintentionally delayed domestic benefit claim to the prior filed application(s)
because the petition requirements of 37 CFR §§ 1.78(c) and 1.78(e) and the formal
requirements for claiming domestic benefit (see MPEP 211.01 el. seq.) have been
mel. This acceptance should not be construed as meaning that this application is
entitled to the benefit of the prior-filed application(s). Whether a claimed
invention in a nonprovisional application is entitled to the benefit of the filing date
of a prior-filed application on the basis of the disclosure thereof is determined
during examination if it becomes necessary to do so (e.q., intervening reference
and interference proceeding). See MPEP 211.05.

A corrected Filing Receipt, which includes the priority claim to the prior-filed
applications, accompanies this decision on petition.

Any questions concerning this matter may be directed to the undersigned at (571) 272-
3208. All other inquiries concerning either the examination procedures or status of the
application should be directed to the Technology Center.

This application is being forwarded to Technology Center Art Unit 2822 for
consideration by the examiner of the claim under 35 U.S.C. §§ 119(e) and 120 of the
prior-filed provisional and nonprovisional applications.

/KOC/

Karen Creasy
Paralegal Specialist
Office of Petitions

ATTACHMENT : Corrected Filing Receipt
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UNITED STATES DEPARTMENT OF COMMERCE

Uni nt and Trademark Office
A ONE[ FOR PATENTS
fa 22313-1430
g i ATTY.DOCEET.NO g’“O’T‘ CLAIM. SE IND CLAIMS
2822 730 EG101.0032.U8 16 3
CONFIRMATION NQ, 7150
24088 CORRECTED FILING RECEIPT
Blank Rome LLP CIRBIBIE 1561 BRI SSI 00 BRI S50 X RRGL 61 B30 81 s i@ GR 1 g1
e e w R

Washington, DC 20006-5403

Date Mailed: 11/01/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as 10 the resulls of the examingtion. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presenied on this receipt. i an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noled therson. If you received a "Notice to File Missing Paris” for this application, plsase submit
any corrections o this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTQO will generate another Filing Receipt incorporating the requested corrections

inventor(s)
Jdianjun Caoe, Torrance, CA;
Alexander Lidow, Marina Dal Rey, CA;
Alana Nakata, Redondo Beach, CA;
Applicant{s}

Efficient Power Conversion Corporation, EiSegundg, CA;

Domestic Pricority data as claimed by applicant
This application is a CIP of 13/838,792 03/15/2013 PAT 88380168
which is a DIV of 12/756,980 04/08/2010 PAT 8404508
which claims denefit of 81/167,777 04/08/2008
This application 14/447,068
claims benefit of 61/860,976 08/01/2013

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

Forefgn application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign pricrity. Seg 37 CFR 1.55 and 1.76.

Permission o Access Application via Priority Document Exchange: No

Permission to Access Search Resulis: No

page 1 of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SB/3S or Form PTO/SB/AS as
appropriate.

if Hequired, Foreign Filing License Granted: 08/07/2014

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/447,069

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
** GMALL ENTITY »
Title

GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN TRANSISTORS
Prefiminary Class
257
Statement under 37 OFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION QUTSIDE THE UNITED STATES

Since the rights granted by a U.S. palent extend only throughout the territory of the United States and havs no
effect in a foreign country, an inventor who wishes palent protgction in another country must apply for a patent
in a apecific couniry or in regional patent offices. Applicants may wish 1o conaider the filing of an international
application under the Fatent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effact as a regular national patent application in each PCT-member country. The PCT process simplifiss the filing
of patent applications on the same invention in member countries, pul does not result in a grant of "an international
patent” and does not eliminate the nesd of applicanis 1o file additional documents and feesg in countries where patant
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 couniries differ
in various respects from the patent law of the United States, applicants are advisad 1o seek guidance from specific
foreign countries o ensure that paient rights are not lost prematurely.

Applicants also are gdvised that in the case of inventions made in the United Stales, the Direcior of the USPTO must
issue a license befors applicants can apply for a patent in a foreign country. The filing of a U.8. patent application
serves as a requsst for a foreign filing license. The application's filing receipt contains further information and
guidance as 1o the staius of applicant's license for foraign filing.

Applicanis may wish 1o consult the USPTO bogkdet, "General information Concerning Patenis” (specifically, the
saction entitied "Treaties and Foreign Patents”) for more information on timeframsas and deadlinas for filing foreign
patent applications. The guids is availabis either by contacting the USPTO Contact Center at 800-786-81993, or it

can be viewed on the USPTO website at hitp//www.uspto.gov/web/officas/pac/doc/general/index. himi.

For information on preventing theft of vour intelisctual property (patents, trademarks and copyrights}, you may wish

o consult the U.S. Government website, htip/Avww stopfakes.gov. Part of a Depariment of Commerce initiative,

this website includes seif-help "toolkiis” giving innovators guidance on how to protect inteliectual proparty in specific
page 2 of 4
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countries such as China, Korea and Mexico. For guestions regarding patent enforcement issues, applicants may
cali the U.S. Government hotline at 1-866-099-HALT (1-866-899-4258).

LICENSE FOR FOREIGRN FILING UNDER
Title 35, United Siates Code, Section 184

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

The applicant has besn granted a license under 35 LL.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" foliowed by g date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license havs been metl, regardiess of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) uniess an eariier
ficenss has been issusd under 37 CFR 5.15(k). 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 513 0r5.14.

This license is to be retained by the ticensee and may be used at any time on or after the effective date thereof unless
itis revoked. This license is auiomaticaily transferred to any related applications{(s) filed under 37 CFR 1.53(d)}. This
ficense is not retrcactive.

The grant of g license doas not in any way lessen the responsibility of a licensee for the security of the subject maiter
as imposed by any Government coniract or the provisions of axisting laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current requilations especially with
respect o certain couniriss, of other aqencses paa ticularly 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 Indusiry and
Security, Department of Commercs (15 CFR pg)t:, 730-774}; the Office of Forsign AseetsControi Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTEDR

No license under 35 U.5.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 8 license is desived before the expiration of 6 monthg from the filing date of the application. If 6 months has iapsed
from the filing date of this application and the licenses has not received any indication of a secrecy order under 35
U.8.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b}.

SeleciliSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled iocation for
business investment, innovation, and commercialization of naw technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufaf‘ture goods here. Through QeieotUSA our nation works {o
promote and facilitate business invesiment. SslectlUSA provides information assistance 1o the international investor
community; serves as an ombudsman for exssmg and pot"*m tial investors; dd\'vudte& onbehalf of U.S. cities, states,
and regions competing for global investment; and counsels UL.S. ﬁconomi-ﬂdeveinprmntouamzaﬂons oninvestmani
attraction best practices. To isarn more about why the United Siates is the best country in the world o develop

page Sof 4
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technology, manufacture products, deliver services, and grow your business, visit hiip//iwww.SelectUSA. gov or call
+1-202-482-6800.

page 4 of 4
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Docket No.: E0101.0032

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit: 2822

For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: J. C. Niesz
ENHANCEMENT MODE GaN TRANSISTORS

REQUEST FOR RECONSIDERATION OF DECISION DISMISSING PETITION FOR
UNINTENTIONALLY DELAYED DOMESTIC BENEFIT CLAIM

Mail Stop Petitions

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

Dear Sir:

Applicant hereby respectfully requests reconsideration of the Decision on Petition mailed

October 13, 2016, dismissing the Petition for Unintentionally Delayed Domestic Benefit Claim.

In the Petition, pursuant to 37 CFR § 1.78, Applicant respectfully requests correction of

the application to include a claim for domestic priority. The claim for priority is as follows:

This is a continuation in part of U.S. Patent Application Ser. No. 13/838,792, filed Mar.
15,2013, now U.S. Pat. No. 8,890,168, which is a division of U.S. Patent Application
Ser. No. 12/756,960, filed Apr. 8, 2010, now U.S. Pat. No. 8,404,508,

which claims priority to U.S. Provisional Patent Application Ser. No. 61/167,777, filed
Apr. 8,2009. This application also claims priority to U.S. Provisional Patent Application
Ser. No. 61/860,976, filed Aug. 1, 2013.

200371.00053/103759054
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Application No. 14/447,069 Docket No. E0101.0032

A Corrected ADS with the updated information and with the benefit claim to the
provisional application underlined is submitted herewith. Applicant submits that the entire delay
between the date the claim was due under 37 C.F.R. 1.78(a)(2)(ii) and the date in which this

petition is filed was unintentional and that the petition was filed immediately upon discovery.

Dated: October 18,2016 Respecpfully submitted],
By

v = 1 N ’
Stephen A. Soffen
Registration No.: 31,063
BLANK ROME LLP
1825 Eye Street, NW
Washington, DC 20006-5403
(202) 420-2200
Attorney for Applicant

200371.00053/103759054
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Corrected Application Data Sheet

Inventor Information

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

Page # 1
200371.00031/103759483v.1

Page 106 of 330

1

Jianjun

Cao

Torrance

CA

us

5323 Bindewald Rd.
Torrance

CA

90505-8712

2

Alexander

Lidow

Marina Del Rey

CA

us

129 ChannelPointe Mall
138 Maybery Rd.
Marina Del Rey

Santa Monica

Corrected



State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 90292 90402
Inventor Number:: 3

Given Name:: Alana

Family Name:: Nakata

City of Residence:: Redondo Beach
State or Province of Residence:: CA

Country of Residence:: us

Street of mailing address:: 611 N. Irena Avenue, Unit M
City of mailing address:: Redondo Beach
State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 90277-2968

Correspondence Information

Correspondence Customer Number:: 24998

Application Information

Application No.:: 14/447.,069
Filing Date:: 07/30/2014
Application Type:: Regular
Subject Matter:: Utility
CD-ROM or CD-R?:: None
Page # 2 Corrected

200371.00031/103759483v.1
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Sequence submission?::
Computer Readable Form (CRF)?::

Title::

Attorney Docket Number::

None
No

GATE WITH SELF-ALIGNED
LEDGE FOR ENHANCEMENT
MODE GaN TRANSISTORS

E0101.0032.US

Request for Early Publication?:: No
Request for Non-Publication?:: No
Total Drawing Sheets: 6
Small Entity?:: Yes
Petition included?:: NoYes
Portions or all of the application associated with No
this Application Data Sheet may fall under a

Secrecy Order pursuant to 37 CFR 5.2::

Authorization to Permit Access to the Instant No
Application by the Participating Offices::

This application (1) claims priority to or the benefit  No
of an application filed before March 16, 2013 and

(2) also contains, or contained at any time, a claim

to a claimed invention that has an effective filing

date on or after March 16, 2013::

Representative Information

Representative Customer Number:: 24998

Page # 3
200371.00031/103759483v.1

Page 108 of 330

Corrected



Domestic Priority Information

Application:: Continuity Type:: Parent Application:: | Parent Filing Date::
This application Continuation-in-part | 13/838,792 03/15/2013
of
13/838,792 Division of 12/756,960 04/08/2010
12/756,960 An application 61/167,777 04/08/2009
claiming the benefit
under 35 USC
119(e)
This application An application 61/860,976 08/01/2013
claiming the benefit
under 35 USC
119(e)
Applicant Information
Applicant Type:: Assignee

Organization Name::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Signature:

Efficient Power Conversion

Corporation

909 N. Sepulveda Boulevard

Suite 230
El Segundo
CA

90245

A signature of the applicgnt or representative is required in accordance with 37 CFR 1.33 and 10.18.

Please see 37 CFR 1.4/d) for the form of the Bignature.

Signature / . Date October 18, 2016
Name £ e A Registration No.
(Print/Type) Stephen A. Soffen (Attorney/Agent) 31,063

200371.00031/103759483v.1
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Electronic Acknowledgement Receipt

EFS ID: 27251027
Application Number: 14447069
International Application Number:
Confirmation Number: 7150

Title of Invention:

GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN

TRANSISTORS
First Named Inventor/Applicant Name: Jianjun Cao
Customer Number: 24998

Filer:

Stephen A. Soffen/Cheryl de Lopez

Filer Authorized By:

Stephen A. Soffen

Attorney Docket Number:

E0101.0032.US

Receipt Date: 18-0CT-2016
Filing Date: 30-JUL-2014
Time Stamp: 16:23:54

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
136689
1 requestreconsiderationpetp00 yes 6

32.pdf

eeeeea3dB89324f6ba38cfc785e5965b9c840f
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Multipart Description/PDF files in .zip description
Document Description Start End
Petition for review by the Office of Petitions 1 2
Application Data Sheet 3 6
Warnings:
Information:
Total Files Size (in bytes){ 136689

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

In re Application of

Jianjun Cao et al :

Application No. 14/447,069 : DECISION DISMISSING PETITIONS
Filed: July 30, 2014 : UNDER 37 CFR 1.78(c) AND (e)
Attorney Docket No. E0101.0032.US

This is a decision on the petition filed March 18, 2016, which is being considered under
37 CFR §§ 1.78(c) and 1.78(e), to accept an unintentionally delayed claim under 35
U.S.C. §§ 119(e) and 120 for the benefit of priority to the prior-filed provisional and
nonprovisional applications set forth in the concurrently filed Application Data Sheet
(ADS).

The petitions are DISMISSED.

A petition for acceptance of a claim for late priority under 37 CFR §§ 1.78(c) and 1.78(e)
is only applicable to those applications filed on or after December 18, 2013 and after the
expiration of the period specified in 37 CFR §§ 1.78(a)(4) and 1.78(d)(3). In addition,
the petition under 37 CFR §§ 1.78(c) and 1.78(e) must be accompanied by:

(1) thereference required by 35 U.S.C. §§ 120 and 119(e) and 37 CFR §§ 1.78(d)(2)
and 1.78(a)(3) of the prior-filed application, which must be filed in an Application
Data Sheet, unless previously submitted;

(2) the petition fee set forth in § 1.17(m); and

(3) a statement that the entire delay between the date the claim was due under 37
CFR §§ 1.78(d)(3) and 1.78(a)(4) and the date the claim was filed was
unintentional. The Director may require additional where there is a question
whether the delay was unintentional.

The petition does not comply with item (1).

The above identified application was filed on July 30, 2014. Therefore, applicant’s
attention is directed to the below provided by MPEP 601.05(a):

ILCORRECTING AND UPDATING AN ADS OR INFORMATION OTHERWISE OF RECORD

“37 CFR 1.76(c) provides the procedure for correcting and updating not only an application data sheet
(ADS), but also information otherwise of record (e.g., information provided on the most recent filing
receipt). Any ADS filed after the filing date of the application is considered a corrected (or updated) ADS
even if an ADS was not previously submitted. Such a corrected ADS must identify the information that is
being changed with underlining for insertions and strike-through or brackets for text removed, except that
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Application/Control Number: 14/447,069 Page 2
Art Unit: OPET

identification of information being changed is not required for an ADS included with an initial submission
under 35 U.8.C. 371. In general, the identification of the information being changed should be made
relative to the most recent filing receipt. A corrected ADS may be submitted until payment of the issue fee
to either correct or update information in a previously submitted application data sheet, or in an inventor's
oath or declaration under 37 CFR 1.63, 1.84 , or 1.87, or otherwise of record. See 37 CFR 1.78{¢c}{1)}.
However, inventorship changes must comply with the requirements of 37 CFR 1.48, foreign priority and
domestic benefit information changes must comply with 37 CFR 1.88 and 1.78, and correspondence
address changes must comply with 37 CFR 1.33(a)}. Note also that any request to correct or update the
name of the applicant, or change the applicant, must comply with 37 CFR 1.46(c}).”

The benefit claim to the provisional application (61/860,976 filed August 1, 2013)
was never made of record, and needs to be underlined.

The ADS submitted with the petition on March 18, 2016, fails to identify the above
information. Therefore, the ADS is improper, and the reference set forth in the ADS
cannot be accepted.

Any request for reconsideration of this decision must be accompanied by a proper ADS,
which includes the required reference.

Further correspondence with respect to this matter should be delivered through one of
the following mediums:

By mail: Mail Stop PETITIONS
Commissioner for Patents
Post Office Box 1450
Alexandria, VA 22313-1450

By hand: Customer Service Window
Mail Stop Petitions
Randolph Building
40! Dulany Street
Alexandria, VA 22314

By fax: (5671) 273-8300
ATTN: Office of Petitions

By internet: EFS-Web'

' www.uspto.gov/ebe/efs_help.html (for help using EFS-Web call the Patent Electronic Business Center
at (866) 217-9197)
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Art Unit: OPET

Any questions concerning this matter may be directed to the undersigned at (571) 272-
3208.

/KOC/

Karen Creasy
Paralegal Specialist
Office of Petitions
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Office of Petitions: Decision Count Sheet Mailing Month
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For US serial numbers: enter number only, no slashes or commas. Ex: 10123456
For PCT: enter "51+single digit of year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345

Deciding Official: KAREN CREASY

Count (1) - Palm Credit 14/447,069
rrunceworwnesoe = | 1NN E ROV AN
Decision: { DISMISSED vl
3 [] select Check Box for YES * DI SMTISSETD %

Decision Type: | 535 - 37 CFR 1.78(a)(3) & (a)(6) UNINTENTIONAL DELAY 1 ‘

UL
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Notes:
Count (2)
o . FINANCE WORK NEEDED =
Decision: { n/a i
3 [J select Check Box for YES
Decision Type: | NONE -
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Count (3)
FINANCE WORK NEEDED ——
Decision: { n/a
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Decision Type: i NONE .
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- Initials of Approving Official (if required) 2';?2;3é?i;:egzcifrist’h?sﬂszz Y
Printed on: 10/11/2016

Office of Petitions Internal Document - Ver. 5.0
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Office of Petitions: Routing Sheet

4700

Application No. 14/447,069

This application is being forwarded to your office for
further processing. A decision has been rendered on a
petition filed in this application, as indicated below.
For details of this decision, please see the document
PET.OP.DEC filed on the same date as this document.

GRANTED
x | DISMISSED
DENIED
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Docket No.: E0101.0032/P032
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30,2014 Art Unit: 2822

For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner:; J. C. Niesz
ENHANCEMENT MODE GaN TRANSISTORS

PETITION FOR UNINTENTIONALLY DELAYED DOMESTIC BENEFIT CLAIM

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

Alexandria, VA 22313-1450

Dear Sir:

Pursuant to 37 CFR § 1.78, Applicant for the above-referenced application respectfully

requests correction of its domestic claim of priority. The priority is as follows:

This application is a continuation in part of U.S. Patent Application Ser. No. 13/838,792,
filed Mar. 15, 2013, now U.S. Pat. No. 8,890,168, which is a division of U.S. Patent
Application Ser. No. 12/756,960, filed Apr. 8, 2010, now U.S. Pat. No. 8,404,508,

which claims priority to U.S. Provisional Patent Application Ser. No. 61/167,777, filed
Apr. 8,2009. This application also claims priority to U.S. Provisional Patent Application
Ser. No. 61/860,976, filed Aug. 1, 2013.

A supplemental ADS with the updated information is submitted herewith, along with the
small entity fee as specified by 37 C.F.R. 1.17(m). Applicant submits that the entire delay

between the date the claim was due under 37 C.F.R. 1.78(a)(2)(ii) and the date in which this

petition is filed was unintentional and that the petition was filed immediately upon discovery.

DSMDB-3402959 v1
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The fee of $850.00 under 37 C.F.R. 1.17 (m) in payment of this petition for delayed submission

of a priority or benefit claim is submitted herewith by credit card payment.

Dated: March 18, 2016
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Respectfylly submitted,
By #@;mdfﬂ\

vt Vi

Stephen A. Soffen
Registration No.: 31,063

BLANK ROME LLP

1825 Eye Street, NW

Washington, DC 20006-5403

(202) 420-2200

Attorney for Applicant
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Corrected Application Data Sheet

Inventor Information

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address:: |

State or Province of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

Page # 1
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1
Jianjun

Cao

Torrance

CA

us

5323 Bindewald Rd.
Torrance

CA

90505-8712

2

Alexander

Lidow

Marina Del Rey

CA

us

129 Channel Pointe Mall
138 Maybery Rd.
MarinaDelRey

Santa Monica
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State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 902092 90402
Inventor Number:: 3

Given Name:: Alana

Family Name:: Nakata

City of Residence:: Redondo Beach
State or Province of Residence:: CA

Country of Residence:: us

Street of mailing address:: 611 N. Irena Avenue, Unit M
City of mailing address:: Redondo Beach
State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 90277-2968

Correspondence Information

Correspondence Customer Number:: 24998

Application Information

Application No.:: 14/447.,069
Filing Date:: 07/30/2014
Application Type:: Regular
Subject Matter:: Utility
CD-ROM or CD-R?:: None
Page # 2 DSMDB-3402983 v1
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Sequence submission?:: None
Computer Readable Form (CRF)?:: No

Title:: GATE WITH SELF-ALIGNED
LEDGE FOR ENHANCEMENT
MODE GaN TRANSISTORS

Attorney Docket Number:: E0101.0032.US
Request for Early Publication?:: No

Request for Non-Publication?:: No

Total Drawing Sheets: 6

Small Entity?:: Yes

Petition included?:: NeYes

Portions or all of the application associated with No

this Application Data Sheet may fall under a
Secrecy Order pursuant to 37 CFR 5.2::

Authorization to Permit Access to the Instant No

Application by the Participating Offices::

This application (1) claims priority to or the benefit No
of an application filed before March 16, 2013 and

(2) also contains, or contained at any time, a claim

to a claimed invention that has an effective filing

date on or after March 16, 2013::

Representative Information

Representative Customer Number:: 24998

Page # 3 DSMDB-3402983 v1
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Domestic Priority Information

Application:: Continuity Type:: Parent Application:: | Parent Filing Date::
This application Continuation-in-part | 13/838,792 03/15/2013
of
13/838,792 Division of 12/756,960 04/08/2010
12/756,960 An application 61/167,777 04/08/2009
claiming the benefit
under 35 USC
119(e)
This application An application 61/860,976 08/01/2013
claiming the benefit
under 35 USC
119(e)
Applicant Information
Applicant Type:: Assignee

Organization Name::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Signature:

Efficient Power Conversion

Corporation

909 N. Sepulveda Boulevard

Suite 230
El Segundo
CA

90245

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18.
Please see 37 CFR 1.4f4) for the form of/the signature.

Signature Date March 18, 2016
Name 7 v Registration No.
(PrintType) | Stephen A. Soffen " (Attorney/Agent) | 31063
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Electronic Patent Application Fee Transmittal

Application Number:

14447069

Filing Date:

30-Jul-2014

Title of Invention:

GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN

TRANSISTORS

First Named Inventor/Applicant Name:

Jianjun Cao

Filer:

Stephen A. Soffen/Kanessa Howard

Attorney Docket Number:

E0101.0032.US

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Pet. Delay Sub or Restore Priority-Claim 2454 1 850 850

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

850
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Electronic Acknowledgement Receipt

EFS ID: 25243757
Application Number: 14447069
International Application Number:
Confirmation Number: 7150
Title of Invention: GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN
: TRANSISTORS
First Named Inventor/Applicant Name: Jianjun Cao
Customer Number: 24998
Filer: Stephen A. Soffen/Kanessa Howard
Filer Authorized By: Stephen A. Soffen
Attorney Docket Number: E0101.0032.US
Receipt Date: 18-MAR-2016
Filing Date: 30-JUL-2014
Time Stamp: 16:12:45
Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $850
RAM confirmation Number 3036
Deposit Account 232185
Authorized User GREENBAUM, MICHAEL C.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)
Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
s . File Si Iti
Document Document Description File Name re Slze(B){tes)l Mu tl. _Pages
Number Message Digest | Part/.zip| (if appl.)
) 284024
] E0101_0032_Amendment_Peti os 12
tion_Priority_Claim_ADS.pdf y
1170cd34e911178f7b954c2ed 16548348
ae00
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Specification 2 2
Claims 3 4
Applicant Arguments/Remarks Made in an Amendment 5 6
Petition for review by the Office of Petitions 7 8
Application Data Sheet 9 12
Warnings:
Information:
30847
2 Fee Worksheet (SB06) fee-info.pdf no 2
b021258aa2741e8cbbc2862594e762ab871
5c177
Warnings:
Information:
Total Files Size (in bytes){ 314871
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: E0101.0032/P032
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit: 2822

For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: J. C. Niesz
ENHANCEMENT MODE GaN TRANSISTORS

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION

MS Amendment
Commissioner for Patents
P.O.Box 1450

Alexandria, VA 22313-1450
Dear Madam:

INTRODUCTORY COMMENTS

In response to the Office Action dated December 18, 2015, please amend the above-

identified U.S. patent application as follows:
Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 3

of this paper.

Remarks/Arguments begin on page 5 of this paper.

DSMDB-3391473 v1
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Application No. 14/447,069 Docket No.: E0101.0032/P032
Reply to Office Action of December 18, 2015

AMENDMENTS TO THE SPECIFICATION

Please amend paragraph [0001] of the specification as follows:

This application is a continuation-in-part of U.S. Patent Application Ser. No.
13/838.792, filed Mar. 15, 2013, now U.S. Pat. No. 8,890,168, which is a division of U.S.
Patent Application Ser. No. 12/756,960, filed Apr. 8, 2010, now U.S. Pat. No. 8.404.508,
which claims the benefit of U.S. Provisional Application No. 61/167,777, filed Apr. 8, 2009.
This application also claims the benefit of U.S. Provisional Application No. 61/860,976,

filed on August 1, 2013, the entire disclosure of which is hereby incorporated by reference
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Application No. 14/447,069 Docket No.: E0101.0032/P032
Reply to Office Action of December 18, 2015

AMENDMENTS TO THE CLAIMS

Claims 1-11. (Canceled)

12. (Original) A method for manufacturing an enhancement-mode GaN transistor, the
method comprising:

forming a GaN layer;

forming a barrier layer on the GaN layer;

depositing a p-type gate material on the barrier layer;

depositing a gate metal on the p-type gate material;

forming a photoresist over the gate metal;

etching the gate metal and the p-type gate material; and

isotropically etching the gate metal to form pair of ledges on the p-type gate material

below the gate metal.

13.  (Original) The method according to claim 12, wherein the step of isotropically
etching the gate metal comprises etching the gate metal to reduce a width of the gate metal,

such that the width of the gate metal is less than a width of the p-type gate material.

14. (Original) The method according to claim 12, further comprising depositing source

and drain contacts on the barrier layer.

15.  (Currently amended) The method according to claim 4214, wherein the step of
etching the p-type material comprises forming side surfaces of the p-type gate material that
extend horizontally towards the source contact and drain contact, respectively, and contact

the barrier layer.

16.  (Currently amended) The method according to claim 12, wherein the pair of

korizontal ledges of the p-type gate material are self-aligned.
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Application No. 14/447,069 Docket No.: E0101.0032/P032
Reply to Office Action of December 18, 2015

17. (New) The method according to claim 12, further comprising removing the
photoresist after the step of isotropically etching the gate material.
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Application No. 14/447,069 Docket No.: E0101.0032/P032
Reply to Office Action of December 18, 2015

REMARKS

Claim Status

Claims 12-16 are pending in the application. Non-elected claims 1-11 have been
canceled. Claims 15 and 16 are presently amended, and claim 17 is newly added. Claim 17 is
supported at least by paragraph [0028] of the specification. No new matter is introduced. Applicant

respectfully requests reconsideration in light of the above amendments and the following remarks.

Claim Rejections under 35 U.S.C. § 103

Claims 12-16 stand rejected under 35 U.S.C. § 103 as being obvious over U.S. Patent
Application Publication No. 2010/0258843 to Lidow et al. (“Lidow”) in view of U.S. Patent
Application Publication No. 2004/0119110 to Park (“Park™). This rejection is respectfully

traversed.

In conjunction with this response, Applicant concurrently submits a Petition for
Unintentionally Delayed Domestic Benefit Claim. As corrected, the present application claims
priority to the cited Lidow reference. Accordingly, Applicant respectfully submits that, upon

granting of the petition, Lidow is not prior art.

Remaining reference Park fails to disclose or suggest all of the limitations of
independent claim 12, and is not relied on as doing so. Park fails to disclose or suggest at least
“forming a GaN layer,” “forming a barrier layer on the GaN layer,” and “depositing a p-type gate
material on the barrier layer,” as recited by independent claim 12. Accordingly, Applicant

respectfully requests that the rejection be withdrawn and the claim be allowed.

Claims 13-17 depend from claim 12 and are allowable along with claim 12, as well as on
their own merit. Park fails to disclose or suggest “wherein the step of isotropically etching the gate
metal comprises etching the gate metal to reduce a width of the gate metal, such that the width of
the gate metal is less than a width of the p-type gate material,” as recited by dependent claim 13,
“depositing source and drain contacts on the barrier layer,” as recited by dependent claim 14,

5
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Application No. 14/447,069 Docket No.: E0101.0032/P032
Reply to Office Action of December 18, 2015

“wherein the step of etching the p-type material comprises forming side surfaces of the p-type gate
material that extend horizontally towards the source contact and drain contact, respectively, and
contact the barrier layer,” as recited by dependent claim 15, and “wherein the pair of horizontal
ledges of the p-type gate material are self-aligned,” as recited by dependent claim 16. Accordingly,

Applicant respectfully requests that the rejections be withdrawn and the claims be allowed.

Conclusion

In view of the above amendments and remarks, Applicant believes the pending

application is in condition for allowance.

Dated: March 18,2016 Respectfully submitted,

By
Stephen A. Soffen vl
Registration No.: 31,063

BLANK ROME LLP

1825 Eye Street, NW
Washington, DC 20006-5403
(202) 420-2200

Attorney for Applicant
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Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number

Filing Date

Substitute for Form PTO-875 14/447,069 07/30/2014

I:l To be Mailed

APPLICATION AS FILED — PART |

ENTITY: [ LARGE [X] smALL [] MICRO

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), o (c))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'g';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 16(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
}_ 03/18/2016 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S ;I'?g(%\) (87 CFR ) Minus | = 20 =0 x $40 = 0
5 5
Independ: .
= IEEhr T Minus | -3 -0 x 5210 - 0
<§( [] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
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Independent " : xx
% $37C€R1.16@ Minus = X' $ =
& [T reptcancrs
] pplication Size Fee (37 CFR 1.16(s))
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<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /LINDA A. WISE/

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

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

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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N BAHRA
L 5% 889 P /8 = 3% 7 487 % ]

25 BR AR B
ML PA RO BRI AMN L EBEERE
oKk o

L & AT 3% 4k5 ]

HFAEE

3# 4o £.16 4% (GaN) ~ 1642 (AIN) ~ 2 £, 1548 (InN) £% &
Rt ¥ G4 HF—Hd—HGaN - AIN - BInNA L2
A SBY R MM HE Y A H — Lk B (wide band gap)- i
BEHMIBRERAELA-—SHEETFTRE —SARBALK
ERXREBM - ABLE P MG E &BEET) 453
MPBEFEBEFTRBEEMDORMECKERES
BHEREEWI o FHXHD AFERLHEERY -3
TTERBEFEHBHEMDTURAEAFA -—FHHEARSZ
BEBKBE  — S EmBEE - REEM -

BRI S By ZHEMTEE A — AN — 4
B L o# R4t 48 4/ & 1L 4 (AlGaN/GaN) & % & #
(heterostructure) * £ X ¥ > —GaNEBH Ao —ETHBE -
EEOR  HABMTURBET S ~ sibsy (SiC) - R1Ls
(GaN) ~ & (Si) ~ & £ MR -

ZGaN> HREA-—HALHFEEH o —S48HF
FRER-FTHER - Bt ZGaNE AR F B BMS
TRERRAEREHTARSEME - sbsh > ZGaNEEH AL — L —c-
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35 47 89 [0001]% f b o F b ¥ 3% AlGaN/GaN £ % 4 4% 4
R ¥ B & 4% 1t (piezoelectric polarization) & d B 4 %
AlGaN#GaNz Mz &8 FH L2 Z Emee ) R RN
(lattice strain)m & F 4 - ¥ % —FRE & EFA
(highly-concentrated two-dimensional electron gas (2DEG))
EHAEALESGINESH N B@ME -

FHEHR  — Y RHEMTH EH RESF LB RAER
BB ABIBZLEOHEMTAHEH AL — A MOl Lo —
(AIN)& % B 912~ —i-AlGaN#& #8913~ —E F#H B BI14
B—EFHBKBOIS - HHEMTE &R £ 4 E T HEKEILS
Lt —MBEEHRI2 - — BB EEI22E — BB TAE23 -
Hio b2 &H# > 2DEG914a g AN L ETHBEIINE
VAN RE FRHRIIZI-GaNBEH R EFHRKAISZ
i-AlGaN [ 69/ & M 3 ©

HESHRL REHRELEHEAIAEIRKXE
AN EMBEERINFELEL AT REBRAE-ZER
BREHMBTARGOTMBIML - A0 ARIB FATH
Vool F¥ > EALBZN OO 2DEGAERREET - B
b BTHRERAGGME » — 818 & 2 A o B 3% H
T2 o b FRAGAaNWEETUER LB — %A
Siz # & 2 4% R 89 & B BL- & & (on-resistance) » &K M » & &
BUREAGCAINHEERAZ —~REBEFEA—HFLE -

Rut: A TH%EHAIGaN/GaNE ¥ & # e HEMT A 7
—FMARE ALASSR EFEZMETHEI2IT EZ
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. 2DEG914athEFRIe— B RERBHE LM -ZBRER
I A #E AR AR 3% 48 % ALGaN 4 B 9 04 R I RALR Y R A5
Bl Z AR B R FI2DEGE) & £ RAGWB B ER - K o
BEULW R ME-EMREHN2DEGE Foy k) M
Ha o

s 0 B — A A% B K AlGaN/GaNE § &4 2
HEMTERE #» —E MMk E F ik BA R A A —p-GaNR E4F
BR2RLEMBEEET ®ZAIGaN/GaNE ¥ & # s HEMT &
WAEE (B4 > B XHF2) ARBLEHRT  WETFHBRET
Z2DEGEFHRECOANRERLATIMBERTEZ
p-GaNEB AN E R ™ FEK - Hib HBERTR BB E
RIRERAE B L MA-EMEZ TH%EH ZAIGaN/GaN
BHSHEOHEMTE N — F MK E -

A8 B £ 47 A

FAXMH]L BAFHOMEH 2L F2002-3592563%

FHXMH2: BAFHOMFH 2L F2008-984345%

A THREAZEAp-GaNB 2 AlGaN/GaN £ H £ # &4
HEMTE A A AwHA-ERZTAR-—FSHMKE ¢ 2F
ROHRAHUPGINEZEFAMBEERTEIERNEAL
REWER -BY¥ #p-GaNB A —#£Z 4B A H AR 485
3£ (metal organic vapor phase epitaxy (MOVPE)) R & sk #4 4%
-#% 4 (Mg-doped)GaNg R R » &K M > £ GaNB 2 4y
MgREGHE > mMBEK FAZLARZEKEAEZLGINGE Z RN
Mgk ERICHEREATR - b BREBRFT AL —
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BARZ T #H#%Mg-#%2GaNR & /748 T # % GaNR B %
B EEuE£%GaNRE 2z eyMgR ¥ p-& - KM > B
& LB W AREME- B 8£GaNE UBN— F @iE % Mg-5 5
GaNE 2 —EHASUNMBERTEHERBEKTH S —F
BANEREHART AU UEFERATARITERZ
Moy Rean A KERLBEMMES - b BAZ
HEMT# R & €4 %18 > M R R ZHEMT® — %M ¢ # %
& o BAZEH, » EHMg-#£#GaNE W B E A T IRE %Mg-#%
$GaNgy F MR E MG wef > A ELHRRGBEHEIR -

b sh » HGaNgy R BEBR A - NAN ZEREH
(hexagonal wurtzite structure) » &b fc-#F H) LHR G
¥t #% (inversion symmetry) = B 3t > % GaN& 3 B 4 4& 4
(spontaneous polarization) = st sh > E i S B L& Bk ¥
(strained)®¥ » 3 GaN& R B T4R4t - ok > % GaNg 2 4 —
A 3 35 (internal field) e % Ay i R th i b B — 2 Y
AERELGESR - BE > %CaNBWABAA—Gak
@ Bt RGafg T k@A k' ZCGaNE S ZABALHEER
BEHNMZGaNR Y A mAE —ETRR - #Hk - 8(H
FIFARUARNRGORBENERLLGO T LRB B §
EaMgsE R % R CHUALTR R 4%
B Mg-#83GaNB RN SRk & -

Wb REEZRBP—BE L FH kb — #E R K X GaN
REBEMAZA L FEREAFERMBOFERE
B AP AREHEOHM-ERITRAS —REH ¥ H
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X

KA
L3983 P9 =]
BRAME
RBFZEE RGP Z B8 —HANESEFEHREE
M EBRE B E O RS E - AB LR - F —
FEBRE - —F_FYBRI -0 AT AFHFE
MBALZR ERFEREIZRAWALEHMAR A F —H
LANER  ABKRN TR ZHALEHZ L SHBER L
Ma—Lsp-HREAENEZF SRR REZFZF
SHEBLM A -MEEE -
ABRRAZBENNERBERELAAMZIYHEANER
PABENEHOAGRESRBETRAEER -
ETHOR  ATONARRAUNRL O Fally
RAHEBHRBERCEERAEFAGRS -
HETRFGAELBN P FERB TR N ERDYNA
FRE » MAEGHRECENEIRARBE® Y R LT
BAKAGTHRAES -

B X G E R
FIBAA—HE—ERGINZ L 5T FEHE2E
& i (HEMT) &) & 4 8

FERA—HE-F - FTRHPIZFEHRETHOES

B3A3BH3CE R AMB UL ~FTHRAIZFEREE
zHEFEHEEE
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BAANABE R ARG E — T2 F LR E T 2

HEFEHUEE
FBRA-—HRUF-FTHRAZIFETHEEZHE
ERARBRERGHFLE
FORRA - MEUE —ThelZH —FEREEY
“HE
FTERA —HE - F TR FEREENLEH
B
BBA-8BRSCEAAAMG A Rz L ERES
z2HSEFEHYURE
FORMRA-—HMEUF Tl FETRELEIHSE
FiEHELE
FIORRA-—HE-—F=F bz fEilaes
B AE
FIBARAZEZE RV IERBBREAHTRE
)3

BREARAL-—HEIETRAZISZHIERABZHE
HE -
[ 58 26 % =X ]
B 4: T 465 2 3 ta 1A

EhE BREEEFRAESCZEWE RFEHME - X8
MR AEBEAHAFRBRAARGRRH LR — &)@t
HERARBAMAES -

[% — K4
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(FEHKEE

—F RGN FEREERRASF 2B ML EF
—KAFHEEBET O ABRY RN - ALy —
B RI12 — B B HRI3 — R - —FER
BHOEFBABRIG R —F - FERBONTTHR
B 15%0 — B A Mg-#%52GCaNR 16 it EM A Ao — % &
BREROZBIAME-528GaNE IR G —p-A 3 E -5
RALHFEBRBAAR - —BREMg-#5#GCGaNE 7% & —p-&
RE-BRACHFISHRBEXAMARKAALZE=ZF Y
BB - 28 SMg-#%#GaNE 17TR &£ X8 AMg-#% 5%
GaNRB 6 L E4F A MBEERIITE - Lo —NER2I
AW RN ERAMg-% 2 GaNB 162 — F 6,45 % 8 A Mg-#%
BGaNB Z —HAA UBEMg- B %CNEITZERBHE
BA - - SMERERIRAS - BELABLRRAMAREEZRE
Mg-# $# GaNJg 17 L < 3% iR 42 € 43240 %R & T 33 &
RENHRAETEI2MRETEIY R E L RAMe-#
2 GaNJ& 164 45 -

EEERAT BABURG-SIABRMBR %F—
BER1ZR G RLBAINBA > R E-—EHRIIR G R
L4845 (AlGaN) S i, » b sh R B~ F SRR HHUE
FHHERBI4XBI-GaNH A TR S —FERE I
EFHARB IS BI-AIGaNH & » st MNER21R & —
LRI RACHONEHHBA - osbZHH & RAH
L3S0, UBLAB LT UEAL —MBRGERE M A
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TUEERTFRAKALD) R d — G RALEROBEHR
R e

LEFTREB YT A —FERTEER X BIKMe-
# 3 GaNE 16635 — p-GaN & 5 16afv — & /A4 & B 16b - %
p-GaNE 3%k 16aR E#FH A E L MABERIIT & - 4k &
B M4 & 3 16b R M Ak £ 3% B A& Mg-45 3 GaN & 16(8p » 3% F
ERFAER)VL ALK —EFLAUMBERITERZE
BAOEEHN - X EAR  HMEYT T EMM T AT
Mg & 42 3%p-GaN & % 16am ¢4 —p-A! o B sk » HMgik st &
Bl A EHMEIEIRI6bA &) S A RN T T K Mg R &
Fo R MHMEMEKIOAEH L Lp-GaNE B 16ad ey g
ME-VRALB=ZFEUEHZBREM-H#GaNBITR
AR I AME-15 2 GaNR 1669 p-GaN & #,16am - B ik 3%
BEUEMgR M EARPD LA FEMgR B —p-H - £ R
%S AL E K 16bE A Lb 3% $ 1KMg-4# % GaN & 16 2 p-GaN
EBRl6az S FEASHEFE -

Bk AMBRRUATTUBR4ATTFHRRE 152
Ml /@ MG 692DEG 14a¥ » £ R A BRE—EFNFEAE
NERIATHIERTHETFEAIT  EF XK — 1@
ESF £ S%p-GaNE B 16a T @ BIRHHR - #hsb BEARA
Bl F — TRz FEREEFTIHA-ERZITER
—FMRECRA TG - EEHR ABETRHT
REWFAEMBEETHEIIT @8 5HMg-#%%GaNR 1740 3%
p-GaNE 3% 16a R th3% S MR E B 16bE - B sk » 4 £ H 45

10
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T3 THZ2DEGH EF M T R AR - Bt 28T
FHEREE WA —FHAZIFERELEFTZIHE-B
MZTH-BRBEETR-—FTMREGTEA TR -

AESNHRX  EETHRAE P 0 B £ Fp-GaNR K 16a R
EHEMTEMNEROLE — BT FHKRISAE E K -
EWFAMBEERIIT &8GR AH— 181k %p-GaNE K 16a
HZEFHRBREISEH B -

[(FEBEFTRH k)

BE SFE-TRHAZFIBEEHR G EARS
$3AZ3CHE H $4AMIBE RERA -

M WwEFIABE PH R AT -EHELI2 -
UE_GH3 - RETHBRU ZTTHREIS P
B 1aMg-# 3 GaNR 1665 S 4 ¥ § 8 B & # & MOVPER
SR AREZEBIIE - AETHRET P FR - BEHE
2RGEAARAH200 nmz B EHAINK R ML L5 R
13 & A KH600 nmz F B &5 AlGaNH A%, » Lo » % E
FRBRIAR G EAF K4 1200 nmx B E ¢ GaN# /&, > M %
TTFHBKRBISRBGEA AH20 nmz B & & AIGaNH & - %
B AAMg-# 3 GaNRB 6B K A#3 nmey B E -

FREAMCMFEREAEMOVPER LMK = F A
(TMA)R#H R FAIO R R A = F AH(TMO) R4 A 1
Gaty RR A » M A (NHI) R A NG LR AR - oo -
Bk =M (Cp2Me) X A EMgty RIR A - 2B H X >
Bk RR R A S A R R (carrier gas)#y 8 (Hy)— AL 4K 44

11
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8 —MOVPEY EWRBEE -

bt —ARHAZERCHFEREHARBRL
100£ 10000 sccm@y ik 6B FHME  m—ANHBRELF
RIS BBHAL KRR AHNAAIZI2NOCHAREBAE
% B T £ 50%300 TorrF 4% 36 o o

GABUTUR BT s A8 —Sik# - ~—SiCA
B AEEHH T MSICABERAMAEHAHIL-

EUB BB I3AMK AT AHALG N » 3% HE =&
BRI R RBNEXEL04 B » P —EHRI3L
5 4w Alg4Gag N o

EHEFHERRISRM AT AHALGa NEF > % EF4H
BRBISHM A UABPEXERXA0IZ03IMNKREN - AEF
WP REFHBRRBISHHEARRBHEZXER02 - B
REFHBRBISAN R toAlg2GaggN e pbobh » % E T84k B
155 sA & i-AlGaN % n-AlGaN - $ % E FH K B 15 &
n-AlGaN®} » Sisg#B A — BT Ak - £EHAP » #%Si
HBRUENSIHAELAE]L x 10%m 21 x 10¥%em ¢y 4
B &l x 10P%em™ g o £ B AP 0 SiHT % ASi
HRBRAE -

W R AAMg-#5%GaNE 16L& £S5 x 10%m 25 x
10%em 2 % A RAERB THRBBAMgEBHRE A E W
GaNJ & * £ F 466 ¥ 0 % 8 KMg-15 # GaN& 164& ) &
MEAMgR AL x 10%em™ ey 3 % R B T 44 45 2 4 GaN s 4£
BEAAE 2EHR  FARAHZIAZBRMBAMe-HH

12
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GaNE 16 A H 2 BN EeA & - Bk SRLEEZMgUR
AMgRHHE - B R ARKEMg-B4#GaNRI6EARSE
& .

BE WwEFBETHAT —NEE2NRAMRALZR
BMg-#% #GaNg 162 —k @2z — AR 03 —BHRA M
BERINZERYERA - BEM  FESIOHLANTE
Q0 FHRE XA BM R UM A LB MMe-B #GaNR 164
AEEURBNENER2IRERA#H200 nm - [k > —
ALEBFTHRTHOLMEENMENZNTR2IGE® » Mm%k
MAEREONER2AERAABAEEREEN LHE U
HEY BUVA—RA-HENBHUAE MERTHEIIZ
ERzMAZ AL TYHETHLBBE - L% SN ER
21 R R ER 2 R AR R R4 R Mg-B5 3 GaNRE 162 &
BZ-AMRAARBENER LR - BR > AA—HAE
REMBRAMBERIIZERZHI2lat N TR 21 A
ASIORH AR - HAMRBEARAGLRRAABRERH AL BMUR
BR-EEHL BN ER2ITUR GSINKEBEM R A -

BE wAEFCETHAT BEHORSELELART
#4002 1000C e B E KB T Aotk o 4k 2 & KR MAMg-
HBHGaNE 16M &) 8o & £ % B AMg-#% #GaNE 162
ROZL-HBEPREAMAENER2IZHAL2]ay & B A
HEd o Bk > MBAKEMe-54GaNR 162 $ BN FL2lady
BHBMRFTRBRNEZEBRE AR —p-2 - R —p-GaNE
16a#k Mo « EEH A » EHBMAMg- B #CaNR 162 R &

13
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ZHBRENER2GEBAN > AL RAHNTRE2E
ke Bt BAMRBAAMe- 5 HGaNE 162 A N ER
I BB M« 4Rt > LR EMg-#5 3 GaNE 160N T R
IR B3R A » Mgt Hey s & & 73 LB A S Mg R4 &
E oo BE o HMBHMEIEKIGOE N KL B EMg-15 # GaN
RIHNBR2M A BHA - £EFTHH T HBRMEMg-
BHGNBIHEERBERARAAI nm- Fob > FRHEF
TRMYHMBRYEGE R e - B 2 £ LB EMg
B#GNEIZHENHLKA2]az BN & €8 8%
NERB2IHRMAA2laRF KM E R ° susb > LB MAMMg-5 5
GaNR 1669 B & 42 & K 43 nm - 5 ik > 4 £ 3% 8 KMg-
B#GaNRB 16M &) 8 & 24 MR KMg-#5 4 GaN g 162 #
BAZMAIL2lat BHOE M - sk > £p-GaNE $16af 5 Ma
HERIODZEHNBTUARSTHEARLRERLE B
E - FENURERME > RFHR 0 EMg-#53GaNE 16
EERANRBEN3 nmdm LA PN K48 EH10 nme B
st % p-GaN & 3% 16a & # i £ 3% 8 AMg-44 $: GaN g 162 —
AMBRENETR2GEBAR > M%dRILEKIODEH R L
VB RMg-#4528GaNE16Z — R aAE—HBARANTE21I2
BROERN - ABE®RAF RAERE GEN TR
BB ENEMOVPER BN » AREZMOVPEZ LA F
RARREIHEE ho Bk REAST o
BE AEFIAB T AT HRSHMg-#H#%GaNE L7
R ARAE%E S KB IEMg-45 3 GaN & 1689 p-GaN & 3% 16a

14
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oo EAAREM 0 BN A Mg-5 3 GaNR 174 E F b ik
MOVPE R sh3E 4 R R A+ & B8 A2 4 % & 3% 8K Mg-
B#GaNE 168)p-GaNE B A A KM P F ey KB A AN
TR2IEA K- B ZBEMg-H#GaNE ITRELZE
H % B EMg-45 5 GaNJg 1689 p-GaN & 3% 16aM S & i & &
A S EMg-H%GaNE1ITTAdAES x 10%em®£5 x
10%cm™ # 2 % 8 & 5B T 4 4 4 Mgt GaN s - £ & K 7
Bl P B EMe- 5 HGaNB 172 b & x 107cm ey F iR
B8 B T 455 A Mg#) GaNH A& °

Rt B HMg-#H#GCaNEITRERRAZL T AR
HRE - HeesudMe-#5#GaNE 1757F Kp-& - £%
BHEMe-#B#GaNE17TF M —ARONEZBELERN
gz ra TR - B e IBREMe-HB#
GaNRB 1T B EEF QMR - Bl  BRREHACHA
2 o

R BB EMg-B#GaNE 176 B & 8B & 50
2200 nm- £EFRE T ZBEHMg- S #GCaNE 1TH B K
RAHS0 nm - RIFHE > HBHMg-H£#£GaNE 1TH A &
UMERHZBEAMg-B#GNEBITEF AR EEREBEER
RENER o sboh 0 BRIFHR » ZREHEMg-%5 5% GaNR 17
B AR B AAME-5 3 GaNE 167 - A X T & HH
RIEFo 8 HMg-48 % GaNE& 1765 5 # T M £ % MOVPE £
EOF —BEINRERNT - Bt BB T REKE
URkARELZBREGEMg-5 3 GaNE 17¢)p-GaNE 3K 16a g & &

15
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THEH) -

BF o WEFIBE AT —FRALMBREEERS
BGEAB2L2REMAEZ R HEMg-#£#GCGaNR 17L® — K42
TRV ALEZRBEEB22L o b4t N ER2IAHK
WA RBEEERIZABEZETHEIBZZIHBEYERSR » MR
HEBI2HRBEEIBRYRESBHRENTR2IZHESY
EA o

UE TR OFIHEEEHUR AL E 2R
B BRE—TRBIGFEREE P > %8 HMg-#% #GaN
R 175 3% 8 Mg-#5 4 GaN & 164 p-GaNE 3% 16a% f£ — 18
BBZBEABLEFAMBEEIT B ERNHEK
FoomBE A TRAEALMRS TR - b > 2DEG 14ath
EFTUL-—BEFAEANBERITOHESRNAR » @
MAREBRT AL RSB PR TEBBLE—ER > MER ¥
B-Fnpley S REBTURBEREAN —FHMKE -
EEORARSEY > —BERSARTAERIBFATLE
HHEMTO B M —FRSBAFTAFL2E FAARZIETH
5] Z 5 HHEMT 8 45 4% -

EET S P R AAMg-15 £ GaNE 1689 & [ 4L B B
16bE R & B % - Bk #%2DEG 14ath & F 4 — E4F £ %
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SEMICONDUCTOR DEVICE AND FABRICATION METHOD

= PXRAHE

O ~HANPE LS IREEN N ERBE - S OB RERE -
ABIMA-—F-FERE —F_FEREAE-G2-DpHBRAA
FHFERBER  ASFERNAEEZNUARZIABR—AA —HIL
BMNER  ARBNERLHABEENFERBER LA -2 —
PHRAAFHE=ZFERBE  ALUFE=FERBREVR—NMEE
& o

O = AXEAME

Amethod for fabricatingasemiconductordeviceisdisclosed.
The method includes sequentially forming a first semiconductor
layer, a second semiconductor layer and a semiconductor cap
layer containing a p-type impurity element on a substrate,
forming a dielectric layer having an opening after the forming
of the semiconductor cap layer, forming a third semiconductor
layer containing a p~type impurity element on the semiconductor
cap layer exposed from the opening of the dielectric layer,
and forming a gate electrode on the third semiconductor layer.
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(R RS
The present disclosure provides a R -
semiconductor structure. The I .
semiconductor structure includes a & ' e
gallium nitride (GaN) layer on a substrate; E e l
an aluminum gallium nitride (AlGaN) layer |———
disposed on the GaN layer; and a gate i
stack disposed on the AlGaN layer. The
gate stack includes a llI-V compound 11
n-type doped layer; a lll-V compound
p-type doped layer adjacent the [-V compound n-type doped layer; and a metal layer
formed over the 1lI-V compound p-type doped layer and the -V compound n-type
doped layer.
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WEN (TW) ; #4% sk TSAI, CHUN LIN (TW)

(THRIEA  #F X ; BASRIE

WHEHEL A YHEAMEEEKI0E BAH:16 #£38 7

424
WA ERBERALARF &
ENHANCEMENT-MODE TRANSISTOR AND FABRICATION METHOD THEREOF
&

AETRMUFFREHE > 05 RH(GaN)BHEALK L £1L4248(AlIGaN) B % & £ GaN
B Lo SARRMGH&REEL AIGaN B L - MR A4S LIV 1644 n MHRE - LV %A
Yrp BB REE LV RIS n HBHE - UREE B RN -V #6464 p BB E o 11
V#itdhn Bk -

100 100 © ¥ E g i

122 / 10 )%)&
—’A—ﬁwm 4 - gk
120 120 116 : [ B
1126 ‘ 118 —# EFfMH
4116 %
MIB 120 s RS
- 122 : Mtz &
124 : & B R
126 © 4 FeBE 4
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7 N BREASREA

[ %88 p7 B 2 4% 5 48 3% ]

ASRAGAMNFEREE  BHHNAMNEEYE
SREREEET X -

[ & A7 4% 4 ]

EFEBRTEF RALHGaN)SHEFRFRAR
HREEEBEBAN HlodaShE5HETEE A
EABASEFESL 2 E & 2 (high electron mobility
transistors ; HEMTs) e &£ — ] F ¥ » " HE T XK ¥ ¥ &
GaN # % & E &> & £ 1& & (bias voltage)st /v £ ¥ & &
Fi#e Lo b BAELBAFTHRE - £F 46 GaN
HEUVELBY  MELEBRIAEA pABRERY
BRANEHE L(Hl T2 EREHLSHK US
2010/0258842) » R4z A p A B RER LM AL B R » &
RITRBERNBE - Km > TELHEMAAS > £ EY
TREBITHERMBERTALAYMBERET LA
MAEaRREFETRFANELBEIAEEZRL2BENHER - B
b —H GaN M B A TR BOLEHRAX AT £ 4
HERAERREL A M EEMBREAEREE Y -

[#mAnE]

AL B A — TR TREFEHEHE LFE
BEHLL2ALEGAN)EREALAA R L RitsH
(AlGaN)B :x B 4 GaN B L U R M 4a 3 & 3% B & AlGaN
BE-Magdas II-V %isd4H n BBk IV
ML S pABBREEN-VELA Y nBHERE M
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BE2RBRW AN II-V kits 4 p A B iE IV %1
ChnBHBEREZ L -

E—FHRG T MBRBEREILLENERRELLAR
RBRET B%ELEILV %itsdhn BB HER IV E
fbeth pRBHELY - AR —FHH T MiBEEE
OANERBXBALBRE “NII-VHELAH nRNBBE R
HI-VAEAH pABRERT - FEREBELAL S —
HI-V b B R £5—FHne P 1U-VELEH
n#MBkL LA DA GaN B B III-VELSH p A B %
BestpH GaNR - £5%5 —Fswp+ » [1I-Vikits& 4 n
ASREUARETETL R BT AHAEAN Y HEAA
AR BEE  E—FhE T II-ViicdhpRiBnE
NHEETHE  LBETHREANDGE 45 & A
BRI AL A5 —FRs T HE -V kits
nABHEAI-VEILEYPABHREHNEELE N
# Inm 244 100nm M GaN B A A B EFHFHLEH
o FEREME S RBIREFHHE GaN E ~ AlGaN
BUARMBREEGLE &R KRR E LR -

ELRABTHA —FRAAFRHEE B IER > &b
HEHNELBEOLLE - 1I-VELLHEXBEALR L
FoIII-V e BRAZZEALARL — -V RicbHE
E BB IV Rt A B emmi g — I1-V %kid
WMRBARRE UEAMBERBRELAE - NIV Rito R
oMz ELS— A B I-ViELsHEEDH
B I-ViiebhB BE-m—1BHE - E—FTHH T
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AEOCHET AR WARABRLT ARG L F2
— o B — III-V %44 B &4 81 (GaN)B » B ¥ =
-V %A% B &4 R 14245 (AlGaN)E - £ 5 — B 46
BlF MBEEREassBREXENLY B -V
NibamBm p BB 1II-V 2t R L n Mg
II-V %t B 4 n BB EI1LHEGaN)E » B p &
B l-ViiceHR aes p BB % IILEGIN)E - £
A-—FEHRB T RBFRABXERZ 2B R HNLH
B II-Vikiebh B E p ARG IV %RELEHE
FRBER - AA-FHRHTF ABEBEEILLE4H
HENMAELBRELH n A% II-VHERLSHEF p R
B ll-ViibbWBXZE - A7 —FHH T MiBkE
FOAOABYUMBRNAE=_TI-ViEitstHh R B bHnA
B -V xitehm P p BER -V b B2
Bl - bRV EEBELCSALCBANBRBANE — &
FoI-VHEILAYHEZH LEBRVELBE L ERE
BRBHEY FEREBEANBREARBS UM H
FPREZRBHBLLLLE  EAEAN b 4 4
BbmmAanBe E—FRBF MEeEidas i
ZH ULV ELAHEHE LY 0 A BRIV HELS
MR sp ARGk II-VikitsHmE -

AR TERBVAHEBAETEBO T E T EE
S E— III-V it R ERERR L  BRE= IV
Mibb W BEEE— NI-V %1itb4 R L £+ 5% = 1I-V
AL B EE - NII-ViRILAGHERE HAMBHRE

0503-A36012TWF/Kelly 5

Page 187 of 330



201232779

REHMARRBEABESEALARF = UL-VELeHE L B
MABBER2BBANRBAERBE MM - F&E% 261 R
FasWh—BH HAEF-—#HnAB %IV ELESYD
BREPAHBHILVEILLGME UAKAELER L -2
B® L o

AT HHERTRHF  F— II-VEILEHE &
BmaLeHWARkRBRe [ALHE(GaN)E » F = III-V #% 1t
SMBHR R LSRRI 4 (AIGaN) R » B &g Y
HARTEASMA n & I (GaN)E » n & &1L 48 (GaN)
BRUABEEHEFTZ —ITH% REAMA p B RILE
(GaN)E ' p A A1t 48 (GaN) R a4 ~ 45 - s~ sk i g &
FX—#TH% - EF-FTRHT MiEtddBRa
CERRBK  BUE-_RBBALBE MNP R&KERE
@ hEF—FRHAT MBRBYVRELS £ Y
BERRE MM RBEM R

BTHRAZAZLEB G - B REBEEAHR
HE > UTERAAMHMER  HHFeRALT

[ &5 K]

uT%ﬁ%mEﬁﬁﬁyKﬂ%ﬁmﬁﬁﬁ &

TEREERGIORBRHHR > THAFRBENF A
ﬁkﬁ%%%%%&$ﬁﬁ’ﬁ%%%&ﬁéﬁ%’ﬁ
FRANRMBERBT >~ 5 ARTHTHEHEHFF
TERERABRUAR/RFH  CLETHEANOERLZANEG
IEARFERMBERABT  BERANERTEET G
Bl %MK &EZ M ek -
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Y1 BBEFT—THRAZEASLEGaAN)¥ R E &
B ERLH 10023 o 88 %2028 TaB&EF
RBABTHEHET RS > 2HEF | B9 F FRER
NeyMag#hzi o~ 88 % 2b 2 70 BETKRER
BRGOLEBE RS 20 BEAE 222 TaBeMEEH
ZHEIBHFERLEHOTER - 2HME 1B - % 2aZ
TaB XA F 20 ZTbE > ¥ EREH 100 RAH KT %
U 4o F o

z‘tﬁa%l@’*%%éﬁﬁloo SEEFBER 110
gk Sh o BT URBALSIOERKE R EE & KK
5 4o 7T L B (111)5 & [ -

FEMBLEH 100 £ &4 E F 4 & (heterojunction)
BRARBAEGFERAMREZE Sl BAREER
R (band gap) ey MM B - Hlhw > F H B L4 100 T &4 3
¥ B A HF & &S IRA E B (non-doped relatively
narrow-band gap channel layer) A R B E o) 4e % M n &
3% F Bt 4 R (relatively wide-band gap n-type donor supply
layer) e £ — Kl ¥ > ¥ @ LEH 100 4 % — 1LV
BRI MR (ZBAGEHERE)IARRNEAK 110 L R R
# = HI-V &b R (B AHMRER)ILIO B AN KEHR
114 £ - &% 8 114 mamaER 116 R A AL E II-V
B LER RIS R AW BEHEE 114 2
mER 116 At r@ R EXRFL - HEEER 116 &
% B B 114 B JE % # X 3k & £ 4 % (unintentionally
doped; UID) » £ A KTl ey + SR &M 100 v » £ HE
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114 614 GaN B (&% 5 GaN B 114) A E 116 &4
AlGaN E (4. # A& AlGaN £ 116) > GaN & 114 2 AlGaN
Bo116 b EHEMB £5K 110 REHE 114 2@
¥HREBERE NRIBFTAREH -

GaN B 114 5 x# e9R & » sbsh > GaN B 114 :F
TURERESL > EHE %%’Efﬁl&nmﬁl%?ﬁ%ﬂﬁﬁi
GaN B 114 gy AT Bt rmie & » %43 GaN £ 114 B4 n &
theEipsk - GaN B 114 THASHKN TR UR ST AN
AEEY BRdbEHKRSLEB AMAE S K (metal organic vapor
phase epitaxy s MOVPE)E & k& ' 24 WA EH &
¥ X 4 (trimethylgallium ; TMG) - = zZ % #
(triethylgallium ; TEG) K £ 4 4 Byt £ & 4 R AT 5
# & 2 & (ammonia ; NHj) ~ 4% T A% (tertiarybutylamine ;
TBAm) -~ X B (phenyl hydrazme)‘kﬁ—ﬂ'zu‘\ HILE & o &
—#FF > GaN B 114 hEEHBE NN 05um 24
100um 2/ - 25 —6FF  GaN B 114 b BEEAH
2ume- MOVPE n#ikxtBEAABRLBIALERBAR K
(metal organic chemical vapor deposition ; MOCVD) -

AlGaN B 116 B k% & # 4 » b4 - AlGaN B 116
ﬁ'TU\E-ﬁ’fé?ﬂ‘ﬁ Gty n BB #p o AlGaN E 116
ZRmkfE GaN B 114 £ » AlGaN & 116 T4 B 4 42 &)
AMEY - SHEOTEHURLSANATEY  HbEHKe
BABERZEMOVPE)E & KA > 4Re ARy LS =
¥ K 4% (trimethylaluminum ;5 TMA) ~ = Z A& 48
(triethylaluminum ; TEA)R A # 4 Bt £ &5 480 AT
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Y LS ZFAKE(TMG) ZCEAK(TEG) K A b idey
b2 5 28 9ATEEY &4 A (NH;) - & T & (TBAm) ~ X
B# (phenyl hydrazine) % £ 4 4 B 9L 2 & o &£ — ) F F >
AlGaN B 116 89 R E & B -7 4 Snm £ 4 50nm x f -
A H—HBFF > AlGaN B 116 89 B E A 4 15nm o

GaN B 114 2 AlGaN E 116 = M) &) 4 % £ £ (band
gap discontinuity) 2 B & 4 JE (piezo-electric effect) & F
£ GaN B 114 RELRASBHESETHETER
118 sk ¥ BB 118 4 % — 4 € + R (two-dimensional
electron gas; 2-DEG) > E M A # F&dE » —#ETFAH
%8 118 47 AIGaN & 116 % GaN & 114 &9 o @ L -

FEREH 10064 REERES/D)FK 120 #
AR 110 B3t B #2388 & 152 3% - R 45 # & # (S/D)
BE 120840 —RX—FRLHEITHH > 4l S/DH
M 120248 EGEANdBEK 82 SREFER
Wy 2t g o S/D #4120 TR B o ERABAM K
(physical vapor deposition ; PVD) & & # 8 & &) & #f %
A0 T4 S/D 4L 120 Esem iR K EA&Z - 45 S/D 4%
#0120 &2 AlGaN B 116 R B B & & > 3 4t S/D 4
1202 RBEEAABYEMREE - A FF BB XKME
A bt ik #4 3R K (rapid thermal annealing ; RTA)#y % % &2 &
2 o

Magd 122 AnmEE 116 £ 3 BHEARR
SR AR(S/D)H A 120 21 > KAk 122 655 EH
R HlosbBRE 124 2B 1206 6MBEHE > Ak
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ARl @dEnpad A586FF £BR 124
A48 Re-wRMBHEE 1226848 R % E x 2 AlGaN
B 116 & 8 4 8 £ & e) # 45 & — 48 # (Schottky diode)
MAiae A4 %2 a4 (depletion mode device) °

Mimkd 1220458 0MESM 12065 £2R8
12 R T B BMRBEEM 6042V BB RFE
BREA-—EpABRFERE RmEESsR-_ER - £
AEHRBAFT HRE) BB RFERERZS—@D
MR FEREHHNLEnABRI-VELLHREEDA
B lll-VLsbHE LTE-—FH AFRHAZILEH
# 1I-VREEHRED AL I-VERILEHE 275
n# 5 5 GaN B (& n-GaN & )£ p & 42 # GaN & (& p-GaN
B) A2y —_BEREZTORERLR -

e BERESH 126 TRELA S — n B
GaN B ~ 53— pAH#B#% GaNBRAERas HHEE
89 n-GaN B & p-GaN Bz M e R a(h—®8) £
n-GaN B #2 p-GaN Bz ey & — B AR ERTH $i&
MARE  BE_BRAELAFNBESRRBEZHMRHEF
BRRAEBRBORELAR  LELARHTLEAETAHH
MBRE  ERALT anNSHE_BEUSTEHN X
AR EHBEOBDBEZBZLRALUAEET X4
BAE-—& Bt 2242 - RHNBBDETZEIRLEFTHAE
AN TCMZ P EM—@E B A#HREESR
HBEEFEAOERMEE

E-FRH T 2BEE_BRIMOFTDAH#SD
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BB XM RGHKBED R XHBEEENNH 800C 2
HOCzM-AAF—FRHT 2RBE-_BRIHY
R & A # 45 £ 4 @ (Schottky contact) » f£ b6 F F » &
Miatdail 2R ARRRXKIE-

EREHRAY > Miag2 122-S/DHHA 120 AR £

S &R 114 ¥ ¢ 2-DEG @8 @ 4 A& ¥ % 2 (E-mode) E &

BOCITRENEMBRBLEEARHARNENGE
B o AT &AL AL R ENTE LB LB AN
%A 5 EFBERL R E S E(E-mode high electron mobility
tran51stor;HEMT)°

¥ 202 TaBBARBEABRTHEEBSHERY
FEpEHE 100 2MErE 12208EFTHY > £F 2a
Bl Armeg— K%l 7 Figd 122 693 & & 8454 126
€4 p-GaN & 130> L & n-GaN & 132 3% & & p-GaN &
130 L p-GaN B 130 A p R B & iTH 5l o B4

TosBE sk ATz As o E—F WA P 0 p-GaN

B 130 T# d MOCVD R E b By HMWAR - £ 5 —
FHAF T > p-GaN B 130 9 EEEB A4 lnm £ 4
100nm z A - n-GaN B 132 A n #5755 0
o BA s AR zEE o E— K4S T n-GaN B 132
THd MOCVD A4 BHBRMH AR - £H— T
P on-GaN B 132 8 EEHB M4 Inm £24 100nm =
Bl e

Y20 BETEEE 2aB Mg E 1222 ¥ 58
M 100 R BAET A AEE > £F 2b B
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F oG TSP AD S AR EARE S REBERE 0 £IR
BmEERAZEEAYE 2-DEG 28 © — &8 138a AN
p-GaN B 130 1 & A n A B payramp 116 2 » #F
— {8 =43 138b # & # p-GaN B 130 £2 n-GaN & 132
Z M — 48 138a 42 138b 32 4 — A& TAKHWHKR
By Fled » # =458 138a 4 138b ArAAMELSMA
b 2 K

LR 3a@BA TS —FHpT Mgk 12248
MRS 120 A% 208 B RESH 126 84 0 {2
a4 p-GaN B 134 3% £ 4 n-GaN & 132 + » &
ZEhth p-GaN B 134 2 n-GaN B 132 W AR 5 — — 45 32
REBIOFRBERLR - Bshey p-GaN B 134 &2 p-GaN &
130 e L RS AR 7 XA » B4 p-GaN & 134 1\ p #
B ETHE DAL R B 45 6 45
HOAT ML Z A o

%3b@%%ﬁﬁ%3a@%@&¢%1mz¢§%
B 100 A ETLRBZRER > HE"G"S7
BD"a R R EMB - RIBARE > AREHREZIMEE
4% 2-DEG @& » —4&% 138a H &% p-GaN B 130 &
BEAnRSRpeHmER 116 2/ > & 8 —4&%# 138b
> p-GaN & 130 #2 n-GaN B 132 2 [ » % =18 —4&
%H&%ﬁ%nﬁﬂ@lﬂﬁpﬁmﬁlﬂz@uﬂﬁ
B 1382~ 138b & 138c # i —& ¥ AMKRE
— S E o KRB AP BEREMBERZA
FREANEZELE - FEMK-
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EBdaBATZA—FREAT MEd 12208
DR 120 R F 2a Bl avE @ eag s 1264840 0 {2
4% p-GaN & 134 3% B 4 n-GaN B 132 £ - &
B % %89 n-GaN B 136 3% § £ p-GaN B 134 L - 3t% 4}
& p-GaN & 134 #v %8 4 &9 n-GaN B 136 4 %] # p-GaN &
130 #v n-GaN & 132 a5 @@ i AW m & K 48 L ] 40 n-GaN
B1IB6 U nABHMHETBRE nAB MG 0AhRE-

FAoBBTEFE 2B MEeE 12225548
B 100 wHBTEARZAEE  BR7G . "S"K
BR’D’m Rl RERBE - RBALEE > ERBARBZERE
% % 2-DEG #8 » — 42 138a % A # p-GaN & 130
ERAnABHYHMEER 116 20 F 18 —4% 138b
W A # p-GaN B 130 #2 n-GaN B 132 2 M+ £ =@ - 4%
B 138c M AR 7 n-GaN & 132 2 p-GaN B 134 2 % w
18 =4 8 138c M # p-GaN & 134 1 n-GaN & 136 2
fl - — 458 138a-~ 138b - 138¢c #v 138d # & £ —4 » &
A/ MBREZEME - T B KELE R
MABAEEFBEBRIMAELNERAELE—FFA -

AF SaBAAz—FRA T FMERE 1228480
% 345 AL 126 &, 4 n-GaN B 132 ;L & p-GaN B 130 %
EA n-GaN B 132 + -  SaB ey Wi 122 8§ 2a
BleyMiakd 1224844 0 25 + p-GaN & 130 # n-GaN
B 132 98 E H XA FE o p-GaN £ 130 ;X p ML 4 &
THHR AL R AL 45 B mRAHEZ
mh o £—F B P p-GaN B 130 T # & MOCVD #%
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Pt @ HMtR -£F5—Fw6F  p-GaN B 130
HEEHB NN Inm 24 100nm = B - n-GaN & 132
UnABBLRYETHHE 1B BHIH BT A RATH
zbh o £—FHpH ¥ n-GaN B 132 T # & MOCVD
XESBORMHEAR > £H —FHH F o n-GaN £ 132
HEEHZBN4 lnm 24 100nm 2 & -

FSOBATEAR SaBeMAEES 122 2 ¥
HHEI0MERVELBZTEE > —&H# 138e H
p-GaN B 130 #2 n-GaN & 132 2 i » R 2 A R £ »
BRERABEREE L -

EF AR TS —FHRAT MEREE 122808
DA Aa 1206 % JaB e @M m 126 48m 0 2
BAFARAMBEEFX » H3 A n-GaN B 132 R ELAME
B 116 £ > p-GaN B 130 % 2 & n-GaN & 132 t - %§ 4
4 n-GaN & 136 @z £ & p-GaN & 130 L o

R ObEMTAEAE a B MERL 122 2 ¥ 8 R
B I00HEBRAT LB TER  — B &% 138e #
AR p-GaN & 130 #2 n-GaN B 132 2/ » B — @1 &
138f A m&x # p-GaN & 130 # n-GaN & 136 = i » —+& %
138e B 138f 2 — e B -—_BHVBEAME TR
ZRIMAEALANEIRERELXR B LHABREH &£
PEHEE-—FHREAALFHWBRRE

EFTaBATZS —THRBT > Mk 12264
BfREESM 120 8% a0 B DR a 1264840 12
BEHNXNARE - % Ta By Mtk L 122 644 n-GaN &
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132 %R BEAMERE 116 £ - pGaN% 130 % & £ n-GaN
B 132 £ %A 489 n-GaN B 136 2%k B & p-GaN B 130 L -
MR FE e p-GaN B 134 3% & £ %8 4 69 n-GaN & 136 L -
HMEn-GaNE L p-GaNE W@ M AH &Y X & F 4a B
Mg d 122 FAAHEHREABM > 4 n-GaN & 136 4
nABHHETHBR nABL R LBEYREA -

ZFToEBTEAS TaBMERE 122 2580
4 100 R BeAETLEBZTER ARG "S"
BD"a Rl REAMBE - REBERE  EARBARBZEZE
% 4 2-DEG 28 » — 4% 138e¢ & # n-GaN B 132 &1
p-GaN & 130 2 P » % =18 — 5 8 138f # & » p-GaN @
130 288 4M &Y n-GaN B 136 2 /) > % =18 — 4% 8 138g #
A n-GaN B 136 #3E sh oy p-GaN B 134 2 B » — 45 28
138e~ 138ffv 138g i A — e T A M WMBRER LMD
E-F R R et -_BEOBEARMBRERZ
FAELENERELEIBERK -

ERABRERBTLTHFEEER > H o H &6
BT R R’%FQT%QIE&’L n-p = #8695 % U
BRIZKEE®MAE -

¥ CEHBETKRE BR—BERLOELALTHSE » &
FRAEGaN) ¥ BN T LB FE @ L4 140 23 & T
EB > 2M% 8B % 2aF TaBUARE 2DZE 7bE
FEREH MAOUNREM R EHEL T -

FEREH 140 28 1B FEREH 100 A48
EEALANEMMHB(RLE R4 KANEERE 116
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P RBNEMMHE 14l RELRBARBFL 120 2/ >
st NEMRE 141 EXANEEE 116 AMEEE
1222 -HEHHE 14l 6N EMH  KRELET®
B > NEM M AEE RN G KA (silicon oxide 5 Si0,) »
£ 41t &7 (silicon nitride ; Si3Ny) + & 4t 4% (aluminum oxide ;
Al,0;) ~ & 4t 42 (tantalum oxide ; Ta,05) ~ £, 1t 4k (titanium
oxide; TiO;y) -~ & 1t é¥ (zinc oxide ; Zn0O,) ~ £ 1t 55 (hafnium
oxide ; HfO)) & ATk 2z @A Fra m ey B @ - £ — F % |
FoOoNEMHE 141 WEERE N4 3nm £ 4 100nm
ZEONEMME 4 THEEMETHR LMK
40 MOCVD ~ ‘bt Z R A LM EX(CVD) HE R AL HEE
(PVD) ~ & F E & # # (atomic layer deposition ; ALD)
BRELEZ - NEMHHE 141 REZTE-FHRFKR
BEMBERERL  LTAERE-—FHUEAHHWHR
B o

Mk & 12208 1 Be9MBEER 122 840 b
Mliaig 2 122 028 0O REESE 1206 REENTEHHA
1 E RRERBRE 124 EAHDRBAER 126 L - it
Sh MAE%EE 122 TAAFKRESR 22 TaBAMmrz 4 s
THp & Ty — % -

FOBBTEARILGGaN) N BN E LBy F 2
EH 1422 —Fhples2@rcE 8 % 102 15 BET
RBEABTHEET G > GHELEE BN FEREH
ReMEE#za~8E8 - 4K0F OBAE 10 £ 15
B FE MBI RAMAT AL T -
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FEMEH 142A% 1 By EF-EHE 100 A0
EXMBERIZ2ZEELNEHHE(RBLK R )M %
EL2RR 1NAAEEBEAB I1262H NMEHMHE 144

BN EMM  KELEETES  NTEMAHALEE A H
SiO, ~ SisN, ~ AL, O3 ~ Ta,05 ~ TiO; ~ Zn0, ~ HfO, 3 #7 ik
z&éﬁﬁﬁ%%ﬁoﬁwgm%¢’ﬁ%ﬁﬂ@1M
HEEXEBENANY3nm E24 100nmZ B N E M E 141

THBEMBALTHRLERMHA AR # MOCVD - CVD »
PVD -~ ALD # &1Lk - " EMHE 4R E—F
B BELFABRARETHE L  THEE-—FHUAELH
B kiR E

FI0E ISEBEAFAREABTHEEBMS  EHAL
FEBLEHE 420MEHRE 12228 8EFT%mG - £5 10
BArz—F®p ¥ MEEEI2HF 22086 MEHE
B 122 EEAANEMNE 144 5L DRE
B 126 4B R 124 2 M MRS 122080k E
450126 4 p-GaN & 130 L & n-GaN B 132 X B &
p-GaN & 130 L p-GaN B 130 A p A B i 7% % >
PRABMEM B AHE - H G M ghaTkzasd A
— &% F o p-GaN B 130 T # & MOCVD = & 4 A &
BMEWHBR - £F— TP p-GaN B 130 89 B K &
BAmnég lnm 24 100nm 27/ o n-GaN & 132 24 n & #%
RMETB R nAB R EY S ERAEZab -
£ —FHwpH ¥ > n-GaN B 132 T # & MOCVD & & 44
BB R - £F—F%FF > n-GaN B 132 sy B B
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ZEBENMM% Inm £ 4 100nm 2/ - ME#%k £ 122 8 684
NEMHE 144 REA L BDRAESHK 126 L > UE LB
B 124 BEANEHMHE 144 L o

EF VBRIt —F%e ¥ MiakE 1228 % 3a
BeyMiid 1280 EEE&4NEMHE 144 %
AR BDRESM 1262088 12420 -

EFHI2ZI5SEBAMFAZEBETHRE T MaER 122
SHHYE 4a R TaBOKEBESE 12280 28 84N
TEHHMHE 144 R EA L ORESH 12062288 124 2
Bl e EXARERGTELTHLELSERTS  SLELS
BEMERRE RAAMHREE  UREEHLE np
BB BRUR/IZEENAEAHESOE BT T LY
ZEBERER -
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The present disclosure provides a semiconductor
structure. The semiconductor structure includes a gallium
nitride (GaN) layer on a substrate; an aluminum gallium
nitride (A1GaN) layer disposed on the GaN layer; and a gate
stack disposed on the AlGaN layer. The gate stack includes a
ITI1I-V compound n-type doped layer; a III-V compound p-type
doped layer adjacent the III-V compound n-type doped layer;
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and a metal layer formed over the III-V compound p-type

doped layer and the III-V compound n-type doped layer.
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and a metal layer formed over the III-V compound p-type

doped layer and the III-V compound n-type doped layer.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Provisional Application of:

Jianjun Cao
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Filed: 7/30/2014 Art Unit: 2822
For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: Niesz, Jamie C
ENHANCEMENT MODE GAN
TRANSISTORS

INFORMATION DISCLOSURE STATEMENT (IDS)

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

Dear Madam:

Pursuant to 37 C.F.R. § 1.56, 1.97 and 1.98, the attention of the Patent and Trademark
Office is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully
requested that the information be expressly considered during the prosecution of this application,
and that the references be made of record therein and appear among the “References Cited” on any

patent to issue therefrom.

This Information Disclosure Statement is filed more than three months after the U.S.
filing date, OR more than three months after the date of entry of the national stage of a PCT
application, AND after the mailing date of the first Office Action on the merits, whichever occurs
first, but before the mailing date of any of a Final Office Action, a Notice of Allowance (37 C.F.R.

§ 1.97(c)) or an action that otherwise closes prosecution in the application.

The references listed on the attached PTO/SB/08 form were cited in the Taiwanese

Search issued December 11, 2015, in connection with corresponding Taiwanese application No.
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Application No.: 14/447,069 Docket No.: E0101.0032/P032-PR

103125846. U.S. references 2010/0258843 A1 and 6,730,552 were disclosed in an IDS filed on
January 23, 2015, and are not listed on the PTO/SB/08 form.

Each item of information contained in this Information Disclosure Statement was first
cited in any communication from a foreign patent office in a counterpart foreign application not

more than three months prior to the filing of this Information Disclosure Statement.
A summary/abstract translation of the non-English language references is enclosed.

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), Applicant has not submitted copies of U.S.
patents and U.S. patent applications. Applicant submits herewith copies of foreign patents and non-

patent literature in accordance with 37 C.F.R. § 1.98(a)(2).

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure
Statement shall not be construed to mean that a search has been made or that no other material
information as defined in 37 C.F.R. § 1.56(a) exists. In accordance with 37 C.F.R. § 1.97(h), the
filing of this Information Disclosure Statement shall not be construed to be an admission that any
patent, publication or other information referred to therein is “prior art” for this invention unless

specifically designated as such.

It is submitted that the Information Disclosure Statement is in compliance with 37 C.F.R.

§ 1.98 and the Examiner is respectfully requested to consider the listed references.

Dated: February 25, 2016 Respectfully sm
By /@/ ' 7

Stephen A. Soffen
Registration No.: 31,063

BLANK ROME LLP

1825 Eye Street, NW

Washington, DC 20006-5403

(202) 420-2200

Attorney for Applicant
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WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/447,069 07/30/2014 Jianjun Cao EO0101.0032.US
CONFIRMATION NO. 7150
24998 PUBLICATION NOTICE

DICKSTEIN SHAPIRO LLP

1825 EVE STREET NW OO P

Washington, DC 20006-5403 0000080338773

Title:GATE WITH SELF-ALIGNED LEDGED FOR ENHANCEMENT MODE GaN TRANSISTORS

Publication No.US-2016-0035847-A1
Publication Date:02/04/2016

NOTICE OF PUBLICATION OF APPLICATION

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

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

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

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

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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DICKSTEIN SHAPIRO LLP | |
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IPDocketing-DC @dicksteinshapiro.com
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Application No. Applicant(s)
14/447,069 CAOET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
JAMIE C. NIESZ 2822 f(‘gtsus

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

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

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

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

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

Status
1) Responsive to communication(s) filed on 9 October 2015.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] 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)[X Claim(s) 1-16is/are pending in the application.
5a) Of the above claim(s) 1-11 is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)X Claim(s) 12-16is/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)X] The drawing(s) filed on 30 July 2014 is/are: a)[X] 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)[C] 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) IZ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date 1/23/2015. ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20151213
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Application/Control Number: 14/447,069 Page 2
Art Unit: 2822

DETAILED ACTION
1. This office action is in response to the Election filed October 9, 2015.
2. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Election/Restrictions
3. Claims 1-11 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected invention, there being no allowable generic or

linking claim. Election was made without traverse in the reply filed on October 9, 2015.

Claim Objections
4. Claims 15 and 16 are objected to because of the following informalities:
5. Claim 15 recites “the source contact and drain contact” in the second and third
lines of the claim. This limitation, however, lacks antecedent basis. Accordingly, claim
15 will instead be interpreted as dependent on claim 14.
6. Claim 16 recites “the pair of horizontal ledges” in the first line of the claim. This
limitation, however, lacks antecedent basis and will instead be interpreted as "the pair of
ledges."

7. Appropriate correction is required.
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Application/Control Number: 14/447,069 Page 3
Art Unit: 2822

Claim Rejections - 35 USC § 103
8. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
9. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences
between the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious before the effective filing date of the claimed invention to a person
having ordinary skill in the art to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

10. Claims 12-16 are rejected under 35 U.S.C. 103 as being unpatentable over
Lidow et al. (U.S. Patent Pub. No. 2010/0258843) in view of Park (U.S. Patent Pub. No.
2004/0119110).
11.  Regarding claim 12, Lidow discloses a method for manufacturing an
enhancement-mode GaN transistor (Fig. 10), the method comprising:

forming a GaN layer (13),

forming a barrier layer (14) on the GaN layer (13);

depositing a p-type gate material (15) on the barrier layer (14);

depositing a gate metal (17) on the p-type gate material (15);

forming a photoresist (§ [0026]) over the gate metal (17);

etching the gate metal (17) and the p-type gate material (15, § [0026]);

and
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etching the gate metal (17) to form pair of ledges on the p-type gate

material (15) below the gate metal (17, § [0044]).
12.  Lidow, however, does not specifically disclose wherein etching the gate metal to
form a pair of ledges comprises isotopically etching. Attention is brought to the Park
reference, which discloses a method comprising: depositing a gate material (Fig. 3, 107)
on a substrate (101); depositing a gate layer (Fig. 3, 109) on the gate material (107);
forming a photoresist (Fig. 3, 112) over the gate layer (109); etching the gate layer (109)
and the gate material (107, see Fig. 4); and isotropically etching the gate layer (Fig. 5,
109) to form pair of ledges on the gate material (107) below the gate layer (109, §
[0040]). It would have been obvious to one having ordinary skill in the art at the time the
invention was made to modify the method disclosed by Lidow to include wherein etching
the gate metal to form a pair of ledges comprises isotopically etching, as taught by Park,
in order to selectively etch the sidewalls of the gate metal with respect to the p-type gate
material.
13.  Regarding claim 13, Lidow discloses wherein the step of [isotropically] etching
the gate metal (17) comprises etching the gate metal (17) to reduce a width of the gate
metal (17), such that the width of the gate metal (17) is less than a width of the p-type
gate material (15, see Fig. 10 and q [0044]).
14.  Regarding claim 14, Lidow further discloses depositing source (20) and drain
(19) contacts on the barrier layer (14).
15.  Regarding claim 15, Lidow discloses wherein the step of etching the p-type

material (15) comprises forming side surface of the p-type gate material (15) that extend

Page 231 of 330



Application/Control Number: 14/447,069 Page 5
Art Unit: 2822

horizontally towards the source contact (20) and the drain contact (19), respectively,
and contact the barrier layer (14; see Fig. 10).
16.  Regarding claim 16, Lidow discloses wherein the pair of ledges of the p-type

gate material (15) are self-aligned.

Conclusion
17.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JAMIE C. NIESZ whose telephone number is (303)297-
4333. The examiner can normally be reached on Monday through Friday 10-6 EST.
18.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Brett Feeney can be reached on 571-270-5484. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.
19.  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.

/JAMIE C NIESZ/
Primary Examiner, Art Unit 2822
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit: 2822

For: GATE WITH SELF-ALIGNED LEDGE FOR Examiner: J. C. Niesz
ENHANCEMENT MODE GaN TRANSISTORS

RESPONSE TO RESTRICTION REQUIREMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Madam:

In response to the restriction requirement set forth in the Office Action mailed

September 21, 2015, Applicant hereby elects Group II, claims 12-16 for continued examination.

Dated: October 9, 2015 Respectfully submitted,

ByﬂM%L
Stephen A. Soffen by

Registration No.: 31,063
DICKSTEIN SHAPIRO LLP
1825 Eye Street, NW
Washington, DC 20006-5403
(202) 420-2200
Attorney for Applicant

DSMDB-3370227 v1
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Application No. Applicant(s)
14/447,069 CAOET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
JAMIE C. NIESZ 2822 f(‘gtsus

-- 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 2 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

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

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

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

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

Status
1) Responsive to communication(s) filed on 30 July 2014.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[] 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
__ ;therestriction 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)[X Claim(s) 1-16is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7O Claim(s is/are rejected.

)
8)[] Claim(s) is/are objected to.
9)X] Claim(s) 1-16 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/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20150915
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DETAILED ACTION
1. This office action is in response to the application filed July 30, 2014.
2. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Election/Restrictions

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

[. Claims 1-11, drawn to a semiconductor device, classified in HO1L 29/42316.

Il. Claims 12-16, drawn to a method for manufacturing a semiconductor device,

classified in HO1L 21/283.
4. The inventions are distinct, each from the other because of the following reasons:
Inventions Il and | 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 product as claimed can be made by another and
materially different process, such as: the gate metal can be deposited through a mask
to form a pair of ledges on the p-type gate material, rather than the gate metal being
isotropically etched after it is formed.
5. 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
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and there would be a serious search and/or examination burden if restriction were not
required because one or more of the following reasons apply:

The inventions belong to separate main groups/subgroups and therefore require

separate consideration and/or search.
6. Applicant is advised that the reply to this requirement to be complete must
include (i) an election of an 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.
7. 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.
8. 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 or pre-AlA 35 U.S.C. 103(a) of the other invention.
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9. Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be corrected in compliance with 37 CFR 1.48(a) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. A request to correct inventorship under 37 CFR 1.48(a)
must be accompanied by an application data sheet in accordance with 37 CFR 1.76 that
identifies each inventor by his or her legal name and by the processing fee required
under 37 CFR 1.17(i).

10.  The examiner has required restriction between product or apparatus claims and
process claims. Where applicant elects claims directed to the product/apparatus, and all
product/apparatus claims are subsequently found allowable, withdrawn process claims
that include all the limitations of the allowable product/apparatus claims should be
considered for rejoinder. All claims directed to a nonelected process invention must
include all the limitations of an allowable product/apparatus claim for that process
invention to be rejoined.

11.  In the event of rejoinder, the requirement for restriction between the
product/apparatus claims and the rejoined process claims will be withdrawn, and the
rejoined process claims will be fully examined for patentability in accordance with 37
CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for
patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all
claims to the elected product/apparatus are found allowable, an otherwise proper
restriction requirement between product/apparatus claims and process claims may be

maintained. Withdrawn process claims that are not commensurate in scope with an
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allowable product/apparatus claim will not be rejoined. See MPEP § 821.04.
Additionally, in order for rejoinder to occur, applicant is advised that the process claims
should be amended during prosecution to require the limitations of the
product/apparatus claims. Failure to do so may result in no rejoinder. Further, note
that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply
where the restriction requirement is withdrawn by the examiner before the patent

issues. See MPEP § 804.01.

Conclusion
12.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JAMIE C. NIESZ whose telephone number is (303)297-
4333. The examiner can normally be reached on Monday through Friday 10-6 EST.
13.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Brett Feeney can be reached on 571-270-5484. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.
14.  Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
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This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

" | “This international search report consists of a total of Z " sheets.
D It is also accompanied by a copy of each prior art document cited in this repoit.

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

[:] a translation of the international application into which is the language of
a translation fumnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).
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may, within one monih from the date of mailing of this international search report, submit comments to this Authority.
N

6. " With regard to the a(awin'gs,
i a the figure of the drawings to be published with the abstract is Figure No. §
as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.
§ D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figures is to be published with the abstract.
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Espacenet

Bibliographic data: JP2011142182 (A) — 2011-07-21

FIELD-EFFECT TRANSISTOR

Inventor(s): FUJII YOSHIHISA; TWYNAM JOHN + (FUJIl YOSHIHISA, ;
TWYNAM JOHN)
Applicant(s): SHARP KK + (SHARP CORP)
Classification: - international:H01L21/28; HO1L21/338; HO1L27/095;
HO01L29/06; HO1L29/41; HO1L29/778; H01L29/812
- cooperative:
Application JP20100001447 20100106

number:

Priority number  JP20100001447 20100106
(s):

Abstract of JP2011142182 (A)

PROBLEM TO BE SOLVED: To provide a field-effect transistor which is unlikely to
break even when applied with a high voltage. ;SOLUTION: The field-effect transistor
includes first and second transistor portions 11 and 12 which are substantially identical
to each other. The first transistor portion 11 includes a group-lli nitride semiconductor
layer structure including a heterojunction, a source electrode 5 and a drain electrode 7
disposed at an interval on the group-lll nitride semiconductor layer structure, a gate
electrode 6 having a field plate 91, and an insulator layer 8 disposed to cover the drain
electrode 7. The field plate 91 extends in an eaves shape to cover the drain electrode
7. The second transistor portion 12 is disposed substantially plane-symmetrically with
the first transistor portion 11. The group-lll nitride semiconductor structure, insulator
layer 8, and drain electrode 7 of the first transistor portion 11 are united with a
corresponding structure or layer in the second transistor portion 12. ;COPYRIGHT: (C)
2011,JPO&INPIT

http://worldwide.espacenet.com/publicationDetails/biblio?DB=worldwide.espacenet.com&II=1 &ND...
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Docket No.: E0101.0032
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jianjun Cao et al.

Application No.: 14/447,069 Confirmation No.: 7150
Filed: July 30, 2014 Art Unit:
For: GATE WITH SELF-ALIGNED LEDGE FOR  Examiner: N/A

ENHANCEMENT MODE GaN
TRANSISTORS

REQUEST FOR CORRECTED FILING RECEIPT

Office of Initial Patent Examination
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicants hereby request that a corrected Filing Receipt be issued in connection
with the above-identified patent application. The Domestic Application was omitted from
the official Filing Receipt received by Applicants. The Domestic Application should read

as the following:

This appln claims benefit of 61/860,976 08/01/2013
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Application No.: 14/447,069 Docket No.: E0101.0032

The official Filing Receipt received by Applicant has an incorrect title. The title

should read as the following;:

GATE WITH SELF-ALIGNED LEDGE FOR ENHANCEMENT MODE GaN
TRANSISTORS

A marked-up copy of the official Filing Receipt showing the error and necessary

correction is attached.

Applicant additionally requests that all pertinent U.S. Patent and Trademark

Office records relating to the subject application be changed to reflect this correction.

Dated: January 23, 2015 Respe@fully submitted,

Stephen A. Soffen
Registration No.: 31,063

1825 Eye Street NW

Washington, DC 20006-5403

(202) 420-2200

Attorney for Applicant
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIO\IER FOR PATENTS
PO. Box 1435
mndnn,\’uguun 22313-1450

WWW.uspto,gov
APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSI
14/447,069 07/30/2014 2811 730 E0101.0032.US 16 3
CONFIRMATION NO. 7150
24998 FILING RECEIPT
DICKSTEIN SHAPIRO LLP

Teb5 EVE STAEET 1 R

Washington, DC 20006-5403
Date Mailed: 08/07/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Jianjun Cao, Torrance, CA,;
Alexander Lidow, Marina Del Rey, CA;
Alana Nakata, Redondo Beach, CA;
Applicant(s)
Efficient Power Conversion Corporation, EISegundo, CA

Power of Attorney: The patent practitioners associated with Customer Number 2499

Domestic Applications for which benefit is claimed - NenerThis /n U'O\'ﬁ‘WS \oemﬂ 0% (0"860 q% Og ) /9013

A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a clarm for
domestic benefit. See 37 CFR 1.76 and 1.78.

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

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.565 and 1.76.

If Required, Foreign Filing License Granted: 08/07/2014

The couniry code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/447,069

Projected Publication Date: 02/04/2016

Non-Publication Request: No

Early Publication Request: No

* SMALL ENTITY **
: page 1 of 3
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Title

GATE WITH SELF-ALIGNED LEDGEXFOR ENHANCEMENT MODE GaN TRANSISTORS
Preliminary Class

257
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
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GATE WITH SELF-ALIGNED LEDGE FOR ENHANCEMENT MODE GAN
TRANSISTORS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/860,976, filed

on August 1, 2013, the entire disclosure of which is hereby incorporated by reference
BACKGROUND OF THE INVENTION
1. Field of the Invention:

[0002] The present invention relates generally to transistors and, more particularly, to an
enhancement mode GaN transistor with reduced gate leakage current between the gate and the

2DEG region.

2. Description of the Related Art:

[0003] GaN semiconductor devices are increasingly desirable because of their ability to switch at
high frequency, to carry large current, and to support high voltages. Development of these devices
has generally been aimed at high power/high frequency applications. Devices fabricated for these
types of applications are based on general device structures that exhibit high electron mobility and
are referred to variously as heterojunction field effect transistors (HFET), high electron mobility

transistors (HEMT), or modulation doped field effect transistors (MODFET). These types of

DOCSNY-571445
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devices can typically withstand high voltages, e.g., 30V-t0-2000 Volts, while operating at high

frequencies, e.g., 100 kHZ-100 GHz.

[0004] A GaN HEMT device includes a nitride semiconductor with at least two nitride layers.
Different materials formed on the semiconductor or on a buffer layer cause the layers to have
different band gaps. The different material in the adjacent nitride layers also causes polarization,
which contributes to a conductive two dimensional electron gas (2DEG) region near the junction of

the two layers, specifically in the layer with the narrower band gap.

[0005] The nitride layers that cause polarization typically include a barrier layer of AlGaN
adjacent to a layer of GaN to include the 2DEG, which allows charge to flow through the device.
This barrier layer may be doped or undoped. Because the 2DEG region exists under the gate at zero
gate bias, most nitride devices are normally on, or depletion mode devices. If the 2DEG region is
depleted (i.e., removed) below the gate at zero applied gate bias, the device can be an enhancement
mode device. Enhancement mode devices are normally off and are desirable because of the added
safety they provide and because they are easier to control with simple, low cost drive circuits. An

enhancement mode device requires a positive bias applied at the gate in order to conduct current.

[0006] Fig. 1 illustrates a conventional schematic enhancement-mode GaN transistor. As shown,
a p-type material 101 is used as the gate 103. At OV bias, the p-type material 101 depletes the
2DEG 102 under the gate 103, and the device is in an OFF state. The transistor is turned ON by
applying a positive voltage to the gate 103. Fig. 2 illustrates a schematic diagram of two gate

leakage current paths 201, 202 of a conventional enhancement-mode GaN transistor. The first gate
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leakage current path 201 flows along the sidewall of the p-type gate material 101 and the second

gate leakage current path 202 flows through the bulk of the p-type gate material 101.

[0007] Figs. 3A and 3B illustrate schematic diagrams of two test structures 300A, 300B designed
to determine the types of structures for an enhancement-mode GaN transistor that may result in
lower gate leakage current. In particular, the transistor structure 300A illustrated in Fig. 3A is
designed with a larger gate surface area and fewer gate edges when compared to the transistor
structure 300B illustrated in Fig. 3B. In this example, the transistor structure 300A has a gate
surface area of 140,000 pm® and 2,500 pm edges, while the transistor structure 300B has a gate

surface area of 84,000 pm? and 247,000 pm edges.

[0008] Fig. 4 illustrates a graphical comparison of the gate leakage currents of the transistor
structures 300A and 300B illustrated in Fig. 3A and 3B, respectively. As shown, structure 300B has
a higher gate leakage current than structure 300A, suggesting that the gate leakage current is

predominately along the gate edge, i.e., path 201 illustrated in Fig. 2.

[0009] Accordingly, it is an object of the present invention is to provide an enhancement-mode

GaN transistor with reduced gate leakage current between the gate 103 and the 2DEG 102.

SUMMARY OF THE INVENTION

[0010] An enhancement-mode GaN ftransistor and method for manufacturing the same is
disclosed herein with the enhancement-mode GaN transistor having reduced gate leakage current

between a gate contact and a 2DEG region and a method for manufacturing the same. The

DOCSNY-571445

Page 303 of 330



Docket No.: E0101.0032/P032

enhancement-mode GaN transistor including a GaN layer, a barrier layer disposed on the GaN layer
with a 2DEG region formed at an interface between the GaN layer and the barrier layer, and source
contact and drain contacts disposed on the barrier layer. The GaN transistor further includes a p-
type gate material formed above the barrier layer and between the source and drain contacts and a
gate metal disposed on the p-type gate material, with wherein the p-type gate material including
comprises a pair of self-aligned ledges that extend toward the source contact and drain contact,

respectively.

[0011] A method for manufacturing the enhancement-mode GaN transistor disclosed herein
includes the steps of forming a GaN layer; forming a barrier layer on the GaN layer; depositing a p-
type gate material on the barrier layer; depositing a gate metal on the p-type gate material; forming a
photoresist over the gate metal; etching the gate metal and the p-type gate material; and isotropically

etching the gate metal to form pair of ledges on the p-type gate material below the gate metal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features, objects, and advantages of the present disclosure will become more apparent
from the detailed description set forth below when taken in conjunction with the drawings in which

like reference characters identify correspondingly throughout and wherein:
[0013] Fig. 1 illustrates a schematic of a conventional enhancement-mode GaN transistor.

[0014] Fig. 2 illustrates a schematic diagram of two gate leakage current paths of a conventional

enhancement-mode GaN transistor.

DOCSNY-571445

Page 304 of 330



Docket No.: E0101.0032/P032

[0015] Fig. 3A illustrates a schematic diagram of test structure of an enhancement-mode GaN

transistor.

[0016] Fig. 3B illustrates a schematic diagram of test structure of another enhancement-mode

GaN transistor.

[0017] Fig. 4 illustrate a graphical comparison of the gate leakage currents of structures shown in

Figs. 3A and 3B.

[0018] Fig. 5 illustrates a schematic diagram of a transistor device according to an exemplary

embodiment of the present invention.

[0019] Figs. 6A-6C illustrates a fabrication process to manufacture a gate of a transistor device

with self-aligned ledges according to an exemplary embodiment.
[0020] Fig. 7A illustrates a cross-sectional image of a conventional gate structure without a ledge.

[0021] Fig. 7B illustrates a cross-sectional image of a gate structure with a self-aligned ledge

according to an exemplary embodiment.

[0022] Fig. 8 illustrates a graphical comparison of gate leakage current of the gate structures

illustrated in Figs. 7A and 7B.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0023] In the following detailed description, reference is made to certain embodiments. These

embodiments are described with sufficient detail to enable those skilled in the art to practice them.
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It is to be understood that other embodiments may be employed and that various structural, logical,
and electrical changes may be made. The combinations of features disclosed in the following
detailed description may not be necessary to practice the teachings in the broadest sense, and are

instead taught merely to describe particularly representative examples of the present teachings.

[0024] Fig. 5 illustrates a schematic diagram of a transistor device according to an exemplary
embodiment of the present invention. As shown, the transistor includes a source metal 510 (i.e.,
source contact) and a drain metal 512 (i.e., drain contact) with a gate contact disposed between the
source and drain metals. In particular, a GaN base layer 501 is provided with a barrier layer 502
formed over the GaN base layer 501 and a two dimensional electron gas (2DEG) region formed at
the interface between the GaN base layer and the barrier layer 502. In the exemplary embodiment,

the barrier layer 502 is formed from aluminum gallium nitride (AlGaN).

[0025] As further shown, the gate contact includes a p-type gate material 503 formed on the
barrier layer 502 and includes ledges 506 that are created by a self-aligned process at the top corners
of the p-type gate material 503 as will be discussed in detail below. A gate metal 504 is disposed
over the p-type gate material 503. As shown, the gate metal 504 has a smaller width (i.e., the width
between sidewalls of the gate metal 504) than the width of the p-type gate material 503 (i.e., the
width between side surfaces of the p-type gate material 503), effectively forming the pair of
horizontal ledges 506 on each side of the gate metal 504. The pair of ledges 506 that extend past

sidewalls of the gate metal 504 have equal or substantially equal widths, i.e., the respective ledges
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are symmetric from the respective sidewalls of the gate metal to the side surfaces of the p-type gate

material, which is due to the self-aligned manufacturing process.

[0026] The primary benefits of using a self-aligned manufacturing process is to: (1) enable the
creation of a p-type gate with a minimum critical dimension (“CD”), (2) lower processing cost
because a second mask is not required, and (3) create ledges 506 that are symmetric to the gate
metal 504 disposed on the p-type gate material. As indicated by the arrows (denoted by reference
numbers 505) shown on ledges 506 and the side surfaces of the p-type gate material 503, when a
positive voltage V, is applied to the gate metal 504, the gate current path 505 first travels
horizontally along the upper edge of the p-type gate material 503 and, once it reaches the ledges
506, the current path 505 follows the diagonal path along the edge of the p-type gate material 503.

This structure results in reduced gate leakage current as discussed below with respect to Fig. 8.

[0027] Figs. 6A-6C illustrate a manufacturing process for fabricating a gate with self-aligned
ledges in accordance with an exemplary embodiment of the present invention. As shown in Fig.
6A, the base structure of the device is first formed with a base layer 601 of gallium nitride (GaN), a
barrier layer 602 of aluminum gallium nitride (AlGaN) formed on the GaN layer 601, and a layer of
p-type gate material 603 formed on the barrier layer 502, over which the gate metal 604 is

deposited.

[0028] Next, as shown in Fig. 6B, a photoresist 605 is deposited and the gate metal 604 is then
etched. The p-type gate material 603 is also etched in a manner that results in the gate structure

depicted in Fig. 6B. As shown in Fig. 6C, the gate metal 604 is then etched isotropically, which
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results in the gate metal have a width less than the planar upper surface of the p-type gate material
603. This second etching step results in the formation of the ledges 506 of the p-type gate material

603.

[0029] Finally, the manufacturing process includes a step of removing the photoresist 605, which
is not shown, and results in the gate with self-aligned ledge shown in Fig. 5. It should also be
appreciated that contact metals for the drain and source contacts can be separately deposited using
conventional fabrication techniques, but their formation will not be described herein so as to not

unnecessarily obscure the aspects of the invention.

[0030] Figs. 7A-7B illustrate a transmission electron microscopy (“TEM”) image of a cross-
sectional view of a conventional transistor gate and an x-ray of a cross-sectional view of a gate with
a self-aligned ledge according to the exemplary embodiment disclosed herein. Fig. 8 illustrates a
graph comparing the gate leakage current of the present invention (shown in Fig. 7B) with the gate
leakage current of a conventional transistor (shown in Fig. 7A). As can be clearly seen in Fig. 8, the
gate with self-aligned ledges has significantly lower gate leakage current than conventional gates

without ledges when the transistor device is in the ON state.

[0031] Finally, it is noted that the self-aligned process illustrated in Figs. 6A-6C is vastly superior
to forming gate ledges using separate masks. In the process of using separate masks, a photoresist
mask is applied to the unetched structure after the p-type gate material is deposited on the barrier
layer of the device. In this instance, the first mask is used to pattern and etch the gate metal to a

minimum CD. A second mask is then used to pattern and etch the p-type material with a wider CD
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than the gate metal. One significant disadvantage of this two mask process is the possibility of

misalignment between the gate metal and the p-type gate material.

[0032] The above description and drawings are only to be considered illustrative of specific
embodiments, which achieve the features and advantages described herein. Modifications and
substitutions to specific process conditions can be made. Accordingly, the embodiments of the

invention are not considered as being limited by the foregoing description and drawings.
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CLAIMS

‘What is claimed:

1. An enhancement-mode GaN transistor, comprising;:

a GaN layer;

a barrier layer disposed on the GaN layer with a 2DEG region formed at an interface
between the GaN layer and the barrier layer;

a p-type gate material formed above the barrier layer, the p-type gate material having side
surfaces extending towards the barrier layer; and

a gate metal disposed on the p-type gate material, the gate metal having sidewalls extending
towards the p-type gate material,

wherein the p-type gate material comprises a pair of horizontal ledges that extend past the
respective sidewalls of the gate metal, the pair of horizontal edges having substantially equal widths

from the sidewalls of the gate metal to the side surfaces of the p-type gate material, respectively.

2. The enhancement-mode GaN transistor according to claim 1, further comprising a source

contact and a drain contact disposed on the barrier layer.

3. The enhancement-mode GaN transistor according to claim 2, wherein the pair of horizontal

ledges of the p-type gate material extend toward the source contact and drain contact, respectively.

10
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4. The enhancement-mode GaN transistor according to claim 3, wherein the side surfaces of
the p-type gate material extend horizontally towards the source contact and drain contact,

respectively, and contact the barrier layer.

5. The enhancement-mode GaN transistor according to claim 1, wherein the pair of horizontal

ledges of the p-type gate material are self-aligned.

6. The enhancement-mode GaN transistor according to claim 1, wherein the barrier layer

comprises aluminum gallium nitride (AlGaN).

7. The enhancement-mode GaN transistor according to claim 1, wherein the p-type gate
material has a first width between the side surfaces of the p-type gate material and the gate metal
has a second width between sidewalls of the gate metal, the second width being less than the first

width.

8. An enhancement-mode GaN transistor, comprising:

a GaN layer;

a barrier layer disposed on the GaN layer with a 2DEG region formed at an interface
between the GaN layer and the barrier layer;

a source contact and a drain contact disposed on the barrier layer;

a p-type gate material formed above the barrier layer and between the source and drain
contacts;

and a gate metal disposed on the p-type gate material,

11
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wherein the p-type gate material comprises a pair of self-aligned ledges that extend past

sidewalls of the gate metal towards the source contact and drain contact, respectively.

9. The enhancement-mode GaN transistor according to claim 8, wherein the p-type gate
material further comprises side surfaces extending horizontally towards the source contact and drain

contact, respectively, and contacting the barrier layer.

10.  The enhancement-mode GaN transistor according to claim 8, wherein the barrier layer

comprises aluminum gallium nitride (AlGaN).

11.  The enhancement-mode GaN transistor according to claim 8, wherein the pair of self-aligned

ledges are symmetric with respect to the gate metal.

12. A method for manufacturing an enhancement-mode GaN transistor, the method comprising:
forming a GaN layer;
forming a barrier layer on the GaN layer;
depositing a p-type gate material on the barrier layer;
depositing a gate metal on the p-type gate material;
forming a photoresist over the gate metal;
etching the gate metal and the p-type gate material; and
isotropically etching the gate metal to form pair of ledges on the p-type gate material below

the gate metal.
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13.  The method according to claim 12, wherein the step of isotropically etching the gate metal
comprises etching the gate metal to reduce a width of the gate metal, such that the width of the gate

metal is less than a width of the p-type gate material.

14.  The method according to claim 12, further comprising depositing source and drain contacts

on the barrier layer.

15.  The method according to claim 12, wherein the step of etching the p-type material comprises
forming side surfaces of the p-type gate material that extend horizontally towards the source contact

and drain contact, respectively, and contact the barrier layer.

16.  The method according to claim 12, wherein the pair of horizontal ledges of the p-type gate

material are self-aligned.

13
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ABSTRACT

An enhancement-mode GaN transistor with reduced gate leakage current between a gate contact and
a 2DEG region and a method for manufacturing the same. The enhancement-mode GaN transistor
including a GaN layer, a barrier layer disposed on the GaN layer with a 2DEG region formed at an
interface between the GaN layer and the barrier layer, and source contact and drain contacts
disposed on the barrier layer. The GaN transistor further includes a p-type gate material formed
above the barrier layer and between the source and drain contacts and a gate metal disposed on the
p-type gate material, with wherein the p-type gate material including comprises a pair of self-

aligned ledges that extend toward the source contact and drain contact, respectively.
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
1261088
1 E0101_0032_NonProvApp.pdf yes 31
b0605b6d476¢414df2e09d630a2aad582b¢|
131a8
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal of New Application 1 1
Application Data Sheet 2 5
Specification 6 15
Claims 16 19
Abstract 20 20
Drawings-only black and white line drawings 21 26
Oath or Declaration filed 27 29
Power of Attorney 30 31
Warnings:
Information:
33053
2 Fee Worksheet (SB06) fee-info.pdf no 2
<07c867411dc17802f451048cab8e5d9199)|
641e0
Warnings:
Information:
Total Files Size (in bytes):i 1294141
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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