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PATENT NO. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

200371-00053 7150 

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 http://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 

APPLICATION 
NUMBER 

14/447,069 

24998 
Blank Rome LLP 

FILING or 
37l(c)DATE 

07/30/2014 

GRPART 

UNIT 

2822 
FIL FEE REC'D 

730 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

200371-00053 16 3 
CONFIRMATION NO. 7150 

CORRECTED FILING RECEIPT 

1825 EYE STREET NW 
Washington, DC 20006-5403 

1111111111111111111111 m~mmmmHUHHll lllll 111111111111111111 

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 

lnventor(s) 

Applicant( s) 

Jianjun Cao, Torrance, CA; 
Alexander Lidow, Marina Del Rey, CA; 
Alana Nakata, Redondo Beach, CA; 

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 

page 1 of 4 

Page 2 of 330



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 AIA (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 US PTO 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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 

or Fax 
Alexandria, Virginia 22314-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
apprnpriate. 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 I, 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 I for any change ofaddress) Note: A certificate of mailing can only be used for domestic 
mailings of the Fee(s) Transmittal. This certificate cannot be used 
for any other accompanying papers. Each additional paper, such as 
an assignment or formal drawing, must have its own certificate of 
mailing or transmission. 

24998 
BLANK ROME LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 

Certificate of Mailing or Transmission 
I 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 US PTO (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 Jian·un Cao E0lOl.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 PREY. PAID ISSUE FEE TOT AL FEE(S) DUE DATE DUE 

nonprovisional SMALL $480.00 $495.00 07/05/2017 

EXAMINER ART UNIT CLASS-SUBCLASS 

J.C. Niesz 2822 

I. Change of correspondence address or indication of "Fee 
Address" (37CFR 1.363). D Change of correspondence address (or Change of 

Correspondence Address form PTO/SB/122) attached. 

D "Fee Address" indication (or "Fee Address" Indication 
form PTO/SB/47; Rev 03-02 or more recent) attached. Use of 
a Customer Number is required. 

2. For printing on the patent front page, list 
(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single fim1 (having as a member a 
registered attorney or agent) and the names of up 
to 2 registered attorney or agent. If no name is 
listed, no name will be printed 

I. Blank Rome LLP 

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. 

I a. 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 0 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) 

0 Issue Fee D A check is enclosed 

D Publication Fee (No small entity discount permitted) 0 Payment be credit card. Form PTO-2038 is attached 

0 Advance Order - # of Copies 2 0 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any 

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

D Applicant certifying micro entity status. See 37 CFR 1.29 

D Applicant asserting small entity status. See 37 CFR 1.27 

D Applicant changing to regular undiscounted fee status. 

Authorized Signature 

Typed or printed name 

PTOL-85 Part B (06- I 4) Approved for use through I 0/31/2016 

200371.00053/105851323 

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

NOTE: Absent a valid certification of Micro Entity Status (see fonns PTO/SB/I SA and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification ofloss of entitlement to micro entity status. 

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

Date June 28, 2017 

Registration No. 31,063 
0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Docket No.: E0l0l.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 RECEIPT 

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 

Dated: June 28, 2017 

200371.00053/105851399 

Docket No.: E0l0l.0053 

By-ef---~----H-+-­
Stephen A. Soff en 

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

2 
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Docket No.: E0lOl.0032 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Jianjun Cao et al. 

Application No.: 14/447,069 

Filed: July 30, 2014 

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

Confirmation No.: 7150 

Art Unit: 

Examiner: N/ A 

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.: E0l0l.0032 

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

srould 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 

By __ __,_ ______ _ 

Stephen A. Soffen 
Registration No.: 31,063 

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

2 
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UNITED SYI.TES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

14/447,069 

24998 

FILING or 
37l(c)DATE 

07/30/2014 

DICKSTEIN SHAPIRO LLP 
i 825 EYE STREET NW 
Washington, DC 20006-5403 

GRPART 
UNIT 

2811 
FIL FEE RECD 

730 

UKITF.D STATF.'l DF.PA RTMF.'IT OF COMMF.RGF. 
United States Patent and Trademark Office 
Addren: COMMJSSIO:lER FOR PATENTS 

P.O. Box: 1450 
Alc.xandria, Yuginia 22313·1450 
Wlltv:.uspto.gov 

A TTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

E0l 01.0032.US 16 3 
CONFIRMATION NO. 7150 

FILING RECEIPT 

11111111111111111 lllll ll]~!l]~Willl~W~~m1iw11~111111111111 i1111111111 

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 

lnventor(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 Cust~mer Number ~4998 . _ [ I fll 
Domestic Applications for which benefit is claimed - -Net1&. '"'lh,5 ~pin CJIOJY\'\S ~J OT ~ i ~~ Tf, 
A proper domestic benefit claim must be provided in an Application oafa 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 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. 

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 
Proiected Publication Date: 02/04/2016 

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

GATE WITH SELF-ALIGNED LEDG«FOR ENHANCEMENT MODE GaN TRANSISTORS 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1. 78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent exteno 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-HAL T (1-866-999-4258). 
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Electronic Acknowledgement Receipt 

EFSID: 27298362 

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: E0l 0 1.0032.U S 

Receipt Date: 23-JAN-207 5 

Filing Date: 30-JUL-2014 

Time Stamp: 18:02:01 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment J no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

2205240 

1 E0l 010032.pdf yes 39 
829312d606bdc7c636a20967821 d95d742 

50915c 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 2 

Information Disclosure Statement (IDS) Form (SB0S) 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 Atrnlications 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 A1212lication 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 Aeelication 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/1 OS) 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:: 1 

Given Name:: Jianjun 

Family Name:: Cao 

City of Residence:: Torrance 

State or Province of Residence:: CA 

Country of Residence:: US 

Street of mailing address:: 5323 Bindewald Rd. 

City of mailing address:: Torrance 

State or Province of mailing address:: CA 

Postal or Zip Code of mailing address:: 90505-8712 

Inventor Number:: 2 

Given Name:: Alexander 

Family Name:: Lidow 

City of Residence:: Marina Del Rey 

State or Province of Residence:: CA 

Country of Residence:: US 

Street of mailing address:: 129 Channel Pointe Mall 

City of mailing address:: Marina Del Rey 

State or Province of mailing address:: CA 

Postal or Zip Code of mailing address:: 90292 

Page# 1 New 07/30/2014 

DSMDB-3274271 vi 

Page 15 of 330



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:: 

Correspondence Information 

Correspondence Customer Number:: 

Application Information 

Application Type:: 

Subject Matter:: 

CD-ROM or CD-R?:: 
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request to collect information from the public, 0MB (i) provides a valid 0MB 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 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 
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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. 
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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 
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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. 

Page 26 of 330



Notice of Allowability 

Application No. 
14/447,069 
Examiner 
JAMIE C. NIESZ 

Applicant(s) 
CAO ET AL. 
Art Unit 
2822 

AIA (First Inventor to File) 
Status 

Yes 

-- The MAILING DA TE 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. 1:8] This communication is responsive to the Amendment filed February 16, 2017. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2. D 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. 1:8] 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. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) D All b) D Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. 1:8] Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/JAMIE C NIESZ/ 
Primary Examiner, Art Unit 2822 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20170316 

5. 1:8] Examiner's Amendment/Comment 

6. 1:8] Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

Notice of Allowability Part of Paper No./Mail Date 
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Application/Control Number: 14/447,069 

Art Unit: 2822 

DETAILED ACTION 

Page 2 

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 AIA. 

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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Page 3 

gate material that extend horizontally towards the source and drain contacts, 

respectively, and contact the barrier layer; and 

etching the gate metal to form g_ 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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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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Docket No.: E0l0l.0053 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Jianjun Cao et al. 

Application No.: 14/447,069 

Filed: July 30, 2014 

For: GATE WITH SELF-ALIGNED LEDGE FOR 
ENHANCEMENT MODE GAN 
TRANSISTORS 

Confirmation No.: 7150 

Art Unit: 2822 

Examiner: J.C. Niesz 

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 February 6, 2017, 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. 

200371.00053/105075344 
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Application No. 14/447,069 Docket No.: E0l0l.0053 
Reply to Office Action ofFebruary 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. E0IOI.0053. 

Dated: February 16, 2017 Respectfully submitted, 

~iep&r::£111= 
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.: E0lOI.0053 
Reply to Office Action ofFebruary 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) 

2 
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9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
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11 )□ The drawing(s) filed on __ is/are: a)D accepted or b)D 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)D All b)D Some** c)D None of the: 

1.□ 
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3.□ 

Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 

Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
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DETAILED ACTION 

Page 2 

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 AIA. 

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-AIA), 

second paragraph, has been obviated by amendment and is therefore withdrawn. 
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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. 

Page 3 

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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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, ,r [0053]); 

etching the gate metal (24, ,r [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). 

Page 54 of 330



Application/Control Number: 14/447,069 

Art Unit: 2822 

Allowable Subject Matter 
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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. 

Page 6 

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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Advisory Action 
Application No. 
14/447,069 

Applicant(s) 
CAO ET AL. 

Before the Filing of an Appeal Brief Examiner Art Unit I 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. 1:8:1 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) D The period for reply expires __ months from the mailing date of the final rejection. 

b) [gl The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later. 
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 

c) D A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed 
within 2 months of the mailing date of the final rejection. The current period for reply expires months from the mailing date of 
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier. 

Examiner Note: If box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE 
FIRST RESPONSE TO APPLICANT'S 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(1). 

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. D 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. [gl The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
a) [gl They raise new issues that would require further consideration and/or search (see NOTE below); 
b) D They raise the issue of new matter (see NOTE below); 
c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: __ . (See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the non­
allowable claim(s). 

7. 1:8:1 For purposes of appeal, the proposed amendment(s): (a) 1:8:1 will not be entered, or (b) D 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. D The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because 
applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier 
presented. See 37 CFR 1.116(e). 

1 O. D 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 g!! 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. D 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. 1:8:1 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. D Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s). __ 
14. D 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: 

I 
/JAMIE C NIESZ/ 
Primary Examiner, Art Unit 2822 

U.S. Patent and Trademark Office 
PTOL-303 (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.: E0l0l.0053 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Jianjun Cao et al. 

Application No.: 14/447,069 

Filed: July 30, 2014 

For: GATE WITH SELF-ALIGNED LEDGE FOR 
ENHANCEMENT MODE GAN 
TRANSISTORS 

Confirmation No.: 7150 

Art Unit: 2822 

Examiner: J. C. Niesz 

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

MSAF 
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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Confirmation No.: 7150 

Art Unit: 2822 

Examiner: J. C. Niesz 

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

MSAF 
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. 
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Application No. 14/447,069 Docket No.: E0I0l.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 

isotropically 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) 

2 
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Application No. 14/447,069 Docket No.: E0l0l.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. E0l0l.0053. 

Dated: December 14, 2016 Res~r~~~ 
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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Document Description Start End 

Response After Final Action 1 1 

Claims 2 2 

Applicant Arguments/Remarks Made in an Amendment 3 3 

Warnings: 

Information: 

Total Files Size (in bytes) 97841 

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 Agglications 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 
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If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
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New International Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 14/447,069 07/30/2014 □ To be Mailed 

ENTITY: 0 LARGE [8J SMALL 0 MICRO 

APPLICATION AS FILED - PART I 

(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A 

TOTAL CLAIMS 16 minus 20 = * 0 X $40 = 0 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 = * 0 X $210 = 0 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size fee due is $31 O ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)) 
fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 0 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 

12/14/2016 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f-- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

Total (37 CFR 
~ 1.16(i)) * 5 Minus ** 20 = 0 X $40 = 0 
0 

Independent z (37 CFR 1 .16(h)) * 1 Minus ***3 = 0 X $210 = 0 
w 
~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL ADD'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = w 1.16(i)) 

~ Independent 
* Minus *** = X $ = 0 (37 CFR 1 .16(h)) 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". GERALDINE STANLEY 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

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

This collection of 1nformat1on Is required by 37 CFR 1.16. The 1nformat1on Is required to obtain or retain a benefit by the public which Is to file (and by the US PTO 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, ca/11-800-PTO-9199 and select option 2. 
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Office Action Summary 

Application No. 
14/447,069 

Examiner 
JAMIE C. NIESZ 

Applicant(s) 
CAO ET AL. 

Art Unit 
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Application Papers 
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Priority under 35 U.S.C. § 119 
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Certified copies of the priority documents have been received. 
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application from the International Bureau (PCT Rule 17.2(a)). 
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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 AIA. 

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-AIA 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-AIA 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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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-AIA), 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-AIA), 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-AIA 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-AIA 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 (11 [0026]) over the gate metal (17); 

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

and 

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

material (15) below the gate metal (17, ,r [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, ,r 

[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 ,r [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). 
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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 ,r [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-AIA 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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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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Page 8 

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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FIRST NAMED INVENTOR 

Jianjun Cao 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

E0l0l.0032.US 7150 

EXAMINER 

NIESZ, JAMIE C 

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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In re Application of 
Jianjun Cao et al 
Application No. 14/447,069 
Filed: July 30, 2014 
Attorney Docket No. E0101.0032.US 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

DECISION DISMISSING PETITIONS 
UNDER 37 CFR 1.78(c) AND (e) 

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 

Art Unit: OPET 

Page 2 

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 et. seq.) have been 
met. 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.g .• 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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AP:PLICATTON 
NUMBER 

14/447,069 

24998 
Blank Rome LJ.P 

FJL[NG or 
37J(c)DATE 

07/30i2014 

GRPART 
TJNJT 

2822 
FIL FEE R,"'C'D 

730 

0NlTED STATES DEPARTMENT OF COMMERCE 
United States Patent and T.rade1nark Office 

A TTY.DOCK°.J~T. NO TOT CLAIMS IND CLAIMS 

E0lOl.0032.US 16 3 
CONFIRMATION NO. 7150 

CORRECTED FIUNG RECEIPT 

1825 EYE STREET NW 
Wast1in~1ton, DC 20006-5403 

! 1111111! 1111 !i!I lllll ll~~ffliimHtiHHll lli!I illll illll Iii! 1111 

Date Mailed: 11/01/2016 

Receipt is acknowledged oi tl1is non-provisional patent application. The application wiH t1e taken up for examination 
in due course. Appiicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the iollowin11 identification information: the U.S. APPLICATION NUMBER, FIUNG DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by cl1eck or draft are subject to collection. 
Please veriiy the accuracy of the data presenteci on Hiis receipt. !fan 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 pmcesses the reply 
to the Notice, the USPTO wm generate another Filing Receipt incorporating the requested corrections 

lnventor(s} 

Applicant( s) 

Jianjun Cao, Torrance, CA; 
Alexander Lidow, Marina Del Rey, CA; 
Alana Nakata, Redoncio Beach, CA; 

Efficient Power Conversion Corporation, E!Seguncio, CA; 

Power of Attorney: The patent practitioners associated witl1 Customer Number 24998 

Domestic Priority data as claimed by applicant 
This application is a GIP of 1 J/838,792 03/15/201 ~:i PAT 8890168 
which is a D!V of 12/756,960 04/08/2010 PAT 8404508 
whicl1 c!aims benefit of 61/167,777 04/08/2009 
This application 14/447,069 
claims benefit of 61 /860,976 08/01 /201 ~:i 

Foreign Applications for which priority is clairneci (You may be eligible to benefit from the Patent Prosecution 
Highway pro~vam at t~1e USPTO. Please see t1ttp://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/SBi39 or Form PTOiSB/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 Applicabie 

Non-Publication Request: No 

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

GATE. WITH SELF-ALIGNED L.EDGED FOR ENHANCE.MENT MODE GaN TRANSiSTORS 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1.78 for AIA (Firnt Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rigl1ts granted by a U.S. patent extend only througl1out the territory of the United States and have no 
effect in a foreign country, an inventor wr10 wis~1es patent protection in anotr1er country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wisl1 to consider the filing of an international 
application under t~1e Patent Cooperation Treaty (PCT). An international (PCT) application generally has tr1e same 
effect as a regular national patent application in eacl1 PCT-member country. Tl1e PCT process simplifies the filing 
of patent applications on tt1e 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 wl1ere patent 
protection is desired. 

Almost every country has its own patent law, and a person desirin~1 a patent in a particular country must make an 
application ior patent in that country in accorciance with its particular laws. Since tt1e laws of many countries ciiffer 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
ioreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are acivised that in the case of inventions rnacie in the United States, ttrn Director of the US PTO 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 forei~1n fiiing license. The appiication's filing receipt contains furtr1er information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wisl1 to consult the USPTO booklet, "General Information Concerning Patents" (specificaliy, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for fiiing foreign 
patent applications. Ttie ~]Uide is availatlle eitt1er by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on tl1e USPTO website at http:i/www.uspto.gov/web/offices/pac/doc/generai/index.htmL 

For information on preventing tl1eft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult H1e U.S. Government website, ~1ttp://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website inclucies 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, appiicants may 
cal! Hie U.S. Government ~iotline at 1-866-999-HAL_T (7-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

Tt1e applicant l1as been granted a license under 35 U.S.C. 484, if tt1e phrase "IF REOUIRED, FOREIGN FILING 
LiCENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
Hie conditions for issuance of a iicense have been met, regardless oi whetr1er 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 5.1 S(a) unless an earlier 
license has been issued under 37 CFR 5.15(t1). Tt1e license is subject to revocation upon written notification. The 
date indicated is the effective date of tl1e license, unless an earlier license of similar scope has been granted under 
37 CFR 5.B or 5.14. 

This license is to be retained by the licensee and may be used at any time on or aiter tr1e effective date tr1ereof 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 t~ie 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 tl1e national 
security or tr1e export of technical data. Licensees s~iould apprise Hiemselves of current re~1ulations especially witt1 
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 730-77 4); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and Hie 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 tt1is form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before tl1e expiration of 6 months from the filing date of the application. If 6 months has lapsed 
irom the filin11 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). 

Select USA 

ne United States represents tr1e largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The US offers tremendous resources 
and advantages for those w~io invest and manufacture goods tiere. Througr1 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 be~ialf 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 Hie United States is the best country in the world to develop 
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techno1ogy, manufacture products, deliver services, and grow your business. visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Docket No.: E0I0I.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. 

2003 71.00053/103759054 
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Application No. 14/447,069 Docket No. E0lOl.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 

2003 71.00053/103 759054 

Stephen A. Soffen 
Registration No.: 31,063 

BLANK ROME LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 
Attorney for Applicant 

2 
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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:: 

200371.00031/103759483v.1 
Page# 1 

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. 

Marina Del Rey 

Santa Monica 

Corrected 
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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:: 

Correspondence Information 

Correspondence Customer Number:: 

Application Information 

Application No.:: 

Filing Date:: 

Application Type:: 

Subject Matter:: 

CD-ROM or CD-R?:: 

200371 .0003 I/103759483v. I 
Page# 2 

CA 

90292 90402 

3 

Alana 

Nakata 

Redondo Beach 

CA 

us 

611 N. Irena Avenue, Unit M 

Redondo Beach 

CA 

90277-2968 

24998 

14/447,069 

07/30/2014 

Regular 

Utility 

None 

Corrected 
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Sequence submission?:: 

Computer Readable Form (CRF)?:: 

Title:: 

None 

No 

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?:: NGYes 

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:: 

200371.00031/103759483v. l 

24998 

Page# 3 Corrected 
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Domestic Priority Information 

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

This aQQlication Conti n uation-i n-Qart 
of 

13/838,792 Division of 

12/756,960 An ar,mlication 
claiming the benefit 
under 35 USC 
119(e} 

This aQQlication An aQQlication 
claiming the benefit 
under 35 USC 
119(e} 

Applicant Information 

Applicant Type:: 

Organization Name:: 

Street of mailing address:: 

City of mailing address:: 

State or Province of mailing address:: 

Postal or Zip Code of mailing address:: 

Signature: 

13/838,792 03/15/2013 

12/756,960 04/08/2010 

61/167,777 04/08/2009 

61/860,976 08/01/2013 

Assignee 

Efficient Power Conversion 

Corporation 

909 N. Sepulveda Boulevard 

Suite 230 

El Segundo 

CA 

90245 

A signature of the applic nt or representative is required in accordance with 37 CFR 1.33 and 10.18. 
Please see 37 CFR 1.4 for the form o the i nature. 

Signature 

Name 
(Print/T pe 

200371.00031/103759483v. I 
Page #4 

Date 

Registration No. 
(Attorne / A ent) 

October 18, 2016 

31,063 

Corrected 
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Electronic Acknowledgement Receipt 

EFSID: 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: E0lOl .0032.US 

Receipt Date: 18-OCT-2016 

Filing Date: 30-JUL-2014 

Time Stamp: 16:23:54 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

136689 

1 
requestreconsiderationpetp00 

yes 6 
32.pdf 

eeeeea3d89324f6ba38cfc78Se596Sb9c840 
3544 
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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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

14/447,069 07/30/2014 

24998 7590 10/13/2016 

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

FIRST NAMED INVENTOR 

Jianjun Cao 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

E0l0l.0032.US 7150 

EXAMINER 

FEENEY, BRETT A 

ART UNIT PAPER NUMBER 

2822 

NOTIFICATION DATE DELIVERY MODE 

10/13/2016 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) 

Page 112 of 330



~~w~ .... UNITED STATES PATENT AND TRADEMARK OFFICE 
t 

{~ \~1 
\ ti 

.· ?t.:..i.'!P 

In re Application of 
Jianjun Cao et al 
Application No. 14/447,069 
Filed: July 30, 2014 
Attorney Docket No. E0101.0032.US 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

DECISION DISMISSING PETITIONS 
UNDER 37 CFR 1.78(c) AND (e) 

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) 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 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): 

II.CORRECTING 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 

Art Unit: OPET 

Page 2 

identification of information being changed is not required for an ADS included with an initial submission 
under 35 U.S.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, 1.64, or 1.67, or otherwise of record. See 37 CFR 1.76{cl{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 1.55 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: 

By hand: 

By fax: 

By internet: 

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

Customer Service Window 
Mail Stop Petitions 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

(571) 273-8300 
ATTN: Office of Petitions 

EFS-Web1 

1 www.uspto.gov/ebc/efs help.html (for help using EFS-Web call the Patent Electronic Business Center 
at (866) 217-9197) 
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Application/Control Number: 14/447,069 

Art Unit: OPET 

Page 3 

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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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 

□ 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 22313-14 50 

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 3 7 C.F .R. l .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 vi 
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The fee of $850.00 under 3 7 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 
Resp~ 

By----'--1-1--+-------lf-iF----­

Stephen A. Soffen 
Registration No.: 31,063 

BLANK ROME LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 
Attorney for Applicant 

2 
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Inventor Number:: 
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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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Jianjun 

Cao 

Torrance 

CA 

us 

5323 Bindewald Rd. 

Torrance 

CA 

90505-8712 
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Alexander 

Lidow 

Marina Del Rey 

CA 

us 

129 Channel Pointe Mall 

138 Maybery Rd. 

Marina Del Rey 

Santa Monica 
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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:: 

Correspondence Information 

Correspondence Customer Number:: 

Application Information 

Application No.:: 

Filing Date:: 

Application Type:: 

Subject Matter:: 

CD-ROM or CD-R?:: 

Page# 2 

CA 

90292 90402 

3 

Alana 

Nakata 

Redondo Beach 

CA 

us 

611 N. Irena Avenue, Unit M 

Redondo Beach 

CA 

90277-2968 

24998 

14/447,069 

07/30/2014 

Regular 

Utility 

None 

DSMDB-3402983 vl 

Page 121 of 330



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 
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Domestic Priority Information 

Application:: Continuity Type:: 

This aQQlication Cantin uation-in-Qart 
of 

13/838,792 Division of 

12/756,960 An aQQlication 
claiming the benefit 
under 35 USC 
119(e} 

This application An application 
claiming the benefit 
under 35 USC 
119(e) 

Applicant Information 

Applicant Type:: 

Organization Name:: 

Street of mailing address:: 

City of mailing address:: 

State or Province of mailing address:: 

Postal or Zip Code of mailing address:: 

Signature: 

Parent Application:: Parent Filing Date:: 

13/838,792 03/15/2013 

12/756,960 04/08/2010 

61/167,777 04/08/2009 

61/860,976 08/01/2013 

Assignee 

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 1.4 ) for the form of. he si nature. 

Signature 

Name 
(Print/T e) 

Page#4 

Date 

Registration No. 
(Attorne /A ent 

March 18, 2016 

31,063 
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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: E0lOl .0032.US 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

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 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 850 
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Electronic Acknowledgement Receipt 

EFSID: 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: E0lOl .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: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

284024 
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tion_Priority_Claim_ADS.pdf 
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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 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 vi 
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Application No. 14/447,069 Docket No.: EO 10 l .0032/P032 
Reply to Office Action ofDecember 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 

2 

Page 130 of 330



Application No. 14/447,069 Docket No.: EO 101.0032/P032 
Reply to Office Action ofDecember 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. ( Curren ti y amended) 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. (Currently amended) The method according to claim 12, wherein the pair of 

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

3 
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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. 

4 
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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.: EO 101.0032/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 

By....c..._ _ __:;_-1-=-_ ____,_,,_____ ___ _ 

Stephen A. offen 
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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Abstract of TW201314898 (A) 

Page 1 of 1 

A method for fabricating a semiconductor device is disclosed. 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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-1' .. ~~~~ 

C ~ aJ§I Pf'r ,.,. ~ ~ q,-tey-- ~J{ ~ ::J 

1t B}j 4J{ ~ 

~~tffl~-~~~~k~~~-~4.ftl.I&~ 

~ l1 ~ i!- 0 

r 7'::. m ft .:t,t.r ::i 

1f ~ 1f !-

tt :k0 fl1t.it(GaN) • ~1ti8(A!N) • ~ ~1tAffil(InN)~lta9 

fl1t4h 4 ~- , ~=t- - ~ m - m GaN • AIN • ~InNft; ~z 
iN:, ½ a8a ft ff5 ~ ~ :+t iJ:4 ii ~ ~ ~ - t, iE. r*: ( wide band gap) 0 :ii 

~#~k~~m~A-~~••+l.I·-•~**~l. 

I~~ jJii 1t,1. 0 -f±. :ii ll!:. 't If , n~ ~J~ ~t. la ft(FET), ft %1] !6 , 

ijij ~ ~ • + it fi $ 't a8a ft (HEMT) ~ H. {,jq #- G :tt 1f- I& 1t A 

~ ;x;JJ $ l. I ( 111 :!ta , -t- ~,J x 1t 1) 0 @Ai fl 1t. 4h 4 • ft ag - ~ 

• + it fi $ 't a8a ft (HEMT) of tJ- :tt 1t ffl 11 A - ~ ;x;}J $ ~ ~ 

~·~AH·-~~$WMl.I·&~R~ 0 

~ 1f fl 1t. 4h 4 ~ ft ~ ii HEMT ii # eL # - ff5 ~ ~ - £ 

:tt J:. ~ fl 1t. jg ~ / fl 1t. ~ (AIGaN/GaN) ~ jf ft ti 

(heterostructure) , -f±. ~ tf , - GaN Ji 11 ffl :ka - • + ~ fi Ji 0 

ii. ;t ~ k , ii £ ft of tJ- k m i. f ;G • i£ 1t ,by (sic) • fl 1t. ~ 

(GaN) • ,by (Si) • a~ jJHi;Ut; ~ 0 

ii GaN , ~ k A - ~ fl 1t. 4h 4 • ft , eL # - ~ ~ :fa it 

+~$~-~~~ 0 ~~•UGill~~«~i:~~~£tt 

.li I& J)t fl"- a9 't fl 41 ·ti O il:c. 91- • ii GaN :ti ;t foJ 1f. - ~ - c-
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.t!h if .ft a!J [0001] 7i fa] J:.. 0 .:ft iJ:t. , -;½; tt AIGaN/GaN $ f .*-t ti it 

% ~ at , /M: ~ if~ 1t. (piezoelectric polarization) -t- re IB1 ;{J_ tt 

AlGaN ~ GaN Z M Z a8a if% fit J:.. Z !:. $ ifrJ ~ a!) a8a {% • fJ 

(lattice strain) ifrJ it~ 1t O lt * ' - ~ 5! & .:::.. l-ft. ~ -f- #L 

(highly-concentrated two-dimensional electron gas (2DEG)) 

if ill ,i 1. ;{J_ tt G aN It a!J 1hm M itt 0 

~ AA ,qi !i ' - fl ~o HEMT EA j[ 1Y1J k ~G ¼ • 1 rm * 1t ti 

llA O ~ ;If i 1 !E z ft .tl a!J HEMT e!. ;fi, % ~ ;{J_ - £ tt 911 J:.. a!J -

(AlN).~ {if /t 912 , - i-AlGaN it {if /t 913 , - ~ -f-~ fi Ji 914 

a - ~ -f .m JIJ;. Ji 915 ° tt HEMT l. e?., ;ti, ;{J:_ tt ~ -f .m 1'k. It 915 

J:.. EA - M ;t.}. ~ ;t.}. 921 , - iJ?, ;to}.~ t~ 922 ~ - i&. t~ ~ ;t.}. 923 ° ff 

\11'.5{1Ji!:l:.z.~tif4, 2DEG 914ait,i1.~tti!t-f~fi/t914~;(1_ 

t~ ;{J_ % fix. t -f- ~ fi It 914.1::. i-GaN ~ % ~ t -f- -m Jlk. It 915 z 

i-AlGaNz re, EA 1r iii Ji!t itt O 

~~½EAam••*EAk•'.5{1J~~•~~tt•~*B 

~~~•~·-··EA~·-·~;/if,;½;.£)l;(J_-~i[/M: 

~~~N#t~~-EAfN#tl 0 ~ifrJ•;{J_i1rmtffl~EA 

f ~o 1y1j -f- t , ,i 1. ;{J_ -tt 1r iii ff,J 2DEG e?.. # ~ 5! & ~ -f- 0 ~ 

~·~T~t~~-ff,JNM•-1~£~~~~~~UM 

if~ t if~ 921 ° .:ft ii:!:. , 1t Jfl GaN ff,J K I of tA jf JJt - ~ ~ - 1t Jfl 

Sizl. Izif~fllEA1~ntitt-t fll.(on-resistance) 0 P,~ ifrJ , irk 

-~-~JflG~ff,Jt.I•m~-&~B~~-~•t.I 0 

~ tt.., ~ T. tt ~ ;If AlGaN/GaN ~ f .~t .ti EA HEMT ht~ 

- f n~ Mt~ , k ~{~ff re i~ }' .iE '.kt ;{J_ it r,, if~ t if~ 921 r oo z 

4 
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2 DEG 9 14 a E/.J 't -f- * :}E. - ~ ,ff-. 't ~ tt ~J f 1J iE 1.fl•) 0 t~ ~ ,ff-. 't ~ 

a]"" t.1- fi m 1K :tt tt 1t tt Al GaN f4 mt ~ fl;. ~ ~ ft 1r& A I 1iX flt * 1.!t 

f 1J z t~ 1t. 1i J.t * tt -l!f1J 2 DEG ffJ i1 1. * ~&: tt ti f 1J if.. 1M O PA mJ , 

ti i- J;)_ J:. ffJ 7i i¼ ' rff, ti- 't ~ll ft m ~ 2DEG 't -f- ffJ i~ Y mJ J~ 

/Ja o 

il:c 9/- , 11 ~ -it ffl ~1t tt .Jl. :;fir AlGaN/GaN Ji f Jt tA-z 

HEMT ht~ - ~ nij ~k. ~ a{] 1i i¼ , .Jl. :;fir -tt .Jl. :;fir - p-GaN}t if.. it 

It ,i 1£ tt r,i t~ 't t~ T iii zAIGaN/GaN Ji f ii tA- at HEMT ¾.. 

:t&: ;f~ Ji. ( 171] '.ko ' l- iiJ.x.1f 2) 0 1£ i! .~t ;j:f4. 'f ' ~ 't -f- tt ti Jt 'f 

z 2DEG 't -f ffJ i! l.t ft m ~ 1:t ..iE if 1£ t~ r,, t-~ 't t-~ T iii z 
p-GaN ,t ii A. ffJ 't ~M rnJ ff 15. 0 ;J)i 1':c , tt ~ ,ff-. 't ~ ft tt ti f 1J ..iE 

1M * 1£ ~~:;fir~ /Ja t~ fffi ti- 't ~ll z T 1l t~ .Jl. :;fir t~ AlGaN/GaN 

Ji f M; tA- E/.J HEMT ht ~ - ~ nij ~ ~ 0 

;f;I~ ijij -ti 11tf x 1t-

l- ;f;1J X 1t- I : a 4'-.lt- JiA 0 rff, l-f1J 0 % i 2002-359256~t 

l-f1J x 1t-2 : E 4'- .lt- J!A 0 ~ l- :3f1J 0 % 1(; 2008-98434~t 

~ T 1! .Jl. :;fir t~ .Jl. :;fir p-GaN Ji zAlGaN/GaN Ji f ii tA- ffJ 

HEMT 1£ ~~ ;fj" ~ /Jo Ml ti -'t ~ll z r ht ~ - ~ ijij ~k. ~ ' ft fl i: 

-t- ffJ fl4 t~p-GaN}t ziE.if4 Mt~ 't t-~ r iii z.. i& ~ pq it 1. 

:A~ ffJ 't ~M O i! f , t~p-GaN)t fl m - ti i- ~ )I 1i° #'t ~;j:El ?r 
M.(metal organic vapor phase epitaxy (MOVPE))*-& ~ a{] i'A 

-4#-~(Mg-doped)GaN)i *-HJ~ 0 PA mJ , 4ttGaN)t .z_pq ffJ 

Mgfl•A•M•rnJ~~•f4U1.~.z..-4UG~,t.z..pq 

ff)Mg*'t~~-~*i11.'t~ 0 -~•~btgi!ffl1£-
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~ :k ff-l. ~ T ft it Mg-4t *-it GaN Ji l! fr 1t ,if t:t it GaN Ji ~ ¾ 

ft. • :1t -t- Ji i"5 -(1. i~ GaN)t ~ r,\J Ei-J Mg*~ 4p-~ 0 P.t ifiJ , t!p 

1! f i~~ %4 itMg-4t#GaN)t J:Ali~- "Ji iii1titMg-4t# 

G~)t~-~M-(1.•M~t~TooEI-J~~--~ifiJ~-":Ji 

oo:1t~~~•~*•~·~••~~~~•*•~~~~ 

MEI-J.~-t-w~~~~-~:1tM~ifiJ~M 0 ¥~·•4~ 

HEMT Ei-J it • ,t- i&: ft 1t • ifiJ • ,#.. ~ HEMT Ei-J - ~ •ti -t- ~&: ft 

1t O a}]~ !it • '$ it Mg-4t # GaN)t F/.J fl. Ji !Ji 11!f- ti it Mg-4t 

#G~E1-JtH~AifiJ-~~*•~J:.EI-J~*-t-M*~~m 0 

~*•UG~Ei-JAttM•k•-~M%~~~­

(hexagonal wurtzite structure) • :1t ~ j,' ~ c-,ih "Ji fa] .J:. Ei-J El fa] 

ft 1~ (inversion symmetry) 0 ~ iJ;e, • it GaN Ji JJl gi 1t- *~ •ti 
(spontaneous polarization) 0 il:c ?r , '$ tt la ft Jt -tl i&: ;JJi. J 

(strained)a1- • ~GaN/iJJt£«*"~1t. 0 -ttiJ:c, ttGaN't-£1.­

r,\J t~ .tJ (internal field) 0 1~ r,\] t~ JJ t:.; ~o :It !;e, ,fi w :tt # - # 1t 

ic. -t * .i 1. Ei-J it .tJ 3i O ii t , it GaN Ji F/.J ~ iii k - - Ga~ 

iii O ~ il:c • J:A Gait .>t ~ iii 1. k , tt GaN,f Ei-J ~ iii e!..# ~ !M:. 

it it +1 ifiJ tt GaN,t F/.J 1! ~ iii e!..# - ~ it fl.Ji O -tt il:c • ft.( 1t 

.f- ) ,t- W ~ tt r,\] ;g~ JJ Ei-J ~t J.t ifiJ O J-A ~ ~ do "Ji fa] .J:. ii :i& 0 it ,t­

~~Mg EI-J • ~ ~ • • Jt ~ ~ - ~ A_ 1. i[ ~ 0 M * • 't- k O 
J:A ~ttMg-4t#GaN)t ~~t nij ~- 0 

-~·k•~~*-••~":Ji*~--~ffl~kG~ 
~ :1t ~m 1l21. ~i ~ ~ 1t. 4h -f ' ft 1-t !Ji -f f ft ~t ~4 F/.J -f W,- ft .l 

I • :1t 1ie. i{;J -(1. ij__ ~ ~ -/Ja M ti -« rll ~ T /l JJt ~ - Jl ·ti ;fu t n~ 

6 
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it~~ 4 

••u•-r•~z-#••-~m~•it4•••• 
{/.J~*~~* 0 U~*~n~-~~-£fti%~-J­
.f. ft Ji ' - J-=- .f ~ ft Ji :fa - ~ ¾p-~ if.ft 1f fc. % {/.J 4 ¥} 

-~•1t:4U.f¥}ft~I/t{/.J%~z•m~-~~-M 

~{/.J*tlt:4U~*«ltzM~&iliz4•ft~IJti 

% ~ - ~¾p-~ *-ft 1f fc.-t {/.J J -=--f ~-It : ,&_~ 1~ J-=- 4 

¥f.- n It i m Jtx. - r'l', t~ t ;t~ 0 

i--1t a~ Z § {/.J :fa fl: .'lJi ~~ ♦ ,It l- ~ 11 ffi Z 1f1 "tf Jl. :;t•J ,i It] 
tffl#mffiili{/.Jic.#-•½*~T~-~~ 0 

4TM{I-Jk••~{I-JAa~~~a•~{I-J#~~~f 

k A~ 1111 ~ Mff iTTJ t:; AE. .=JF ft. ;t..1t ~ {/.J ftl ttl 0 

UfT•~{I-J~~§{/.J~fl:~m ♦ ~~~•~{/.J~~ 

t~~•iTTJ~~~ ♦ m~U~~iTTJUiTTJl~•~~~~­

m ;t..1t ~ a9 -r -?e iTTJ 11 ~ 0 

i i( f~ -¥-~ a~ 

lllkA-~--~fflG~zl~~-~-8•« 
la ft (HEMT) {/.J jt ;t4 i : 

J21kA-~•-J--t•~z4•tt•I{I-J~-

I 3A, 3B:fa3CI kA4~ ttt* I --f -?t{,1 z4 ~-- I 

z•it~i¼{/.J.f.II: 
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J 4 A fa 4 B 1ml k A 4ia tt tt J - T Jt 1J1J z 4 ~ fflLl I z 

-it~i¼~-f.ti; 

JSlkA-~•u•-T~~z-f•••tzMa 
1: ~~;,at~ i[ ifit ~#·ti I ; 

J6ikA-~•ui-T~~z~--f•n•t~ 
.~till ; 

J71ilkA-~---~T~~z-:J=-•n•t~M­
lil ; 

J 8A, 8Bfa SC lil k A 4ia tt tt J ~ T Jt 1J1J z 4 • tt * I 
z ~ it ~ i!- ~ ~ f.t Ii} ; 

J91ilkA-~•ui~T~~z4•••tz•it 
~i¼~~f.t&i]; 

J Io i1 k A - .r~ tt - ¥ .=... T Jt ~ z ~ ~ 4 ¥f.- tt :it* tt 

~~a}) Ill ; 

J 11 i1 k A tt J .=... T 1e 1J1J z i[ ii, ~ J.t ~ ic ~ 1: ~ i 

J 12 !iffl k A-4M tttt J .=... T Je1J1J z ~ :i:/J ~ ~ k ~ ~ jt 

il liffl 0 

[ -'jf'-.t;e, ~ ::t(. :l 

ti11 -J- 1t1J1J z Vf.j!ij ~~ 

•~~·-~T~~k~½Utmliffl*~~~ 0 ai 
~k•~½~M~•#kt~~~~--~AM-~•# 
~ :t I.~ a~ k:lt~ ~ 0 

[J -T 1t1J1J] 

8 

Page 144 of 330



201314898 

[-f •tt!!t I] 

-¥-••~a!J+•tt-Ik~¼J2E~~~ 0 UJ 

- "Jr 4{f. 1r•J a!J -f • ft J!t I ~ -tt- ;/:§ fl~Htl!. 7l5 A ~ - £ tt 1 1 J:. a!J -

i-£t{jj-,f12, -i.=-£t{jj-,f13, -+'!=JlL~o-i--f~tt 

Jt Ef] 't -f # ~J ft 14 ' - 11 ffl *0 - i -=- f- ~ ft Jt EfJ 't -f -fij J,tk 

ft l 5io - -ti 1t&Mg-4t $ GaNft 16 ° ii ;t a!J k , 11 ffl *o - -f ~ 

:!ft Tja .i. ft a!] tt -ti 1t&Mg-4t $ GaNft 16;,l m - p-~ $ 1{ -4t $ 

fl.1t.4h-f •ttft %A 0 --ti~Mg-4t$GaNft 17;,l w -p-~ 

# 'f -4t # fl 1t. 4h -f ~ tt ft % p;_, m Ji k 11 ffl *0 tt i -=-- 4 ¥f.­

tt ft 0 tt-iii~Mg-4t$GaNft 17k%A4tt-iii1t&Mg-4t# 

GaN ft 16 J:. .iE ~f ,ff_ tt M tidt to~ 3 1 T iro O ii:!:. Pr , - 1r 't ft 21 

k % Pl.. ~~-iii 11&Mg-4* ~ftGaNft 16.:t..- ~ ~-ft tt -iii 1t&Mg-4i 

# GaN ,,t z - % pj_, ;/f tt -iii~ Mg-4t $ GaN ft 17 z I& .h\ a!J I& 

~ ~ 0 it r1fl t~ 1: t~ 31 k ~$_ re - #.@, tt i im 22 * % p;_, 4 tt ,1 ~ 
Mg-4t#GaNft 17 J:. 0 t* i/,¥-t~ 1: i~32io tt ~&.t~ 1: i~33it % A 

J-A Jt ~ tt ii,¥- ;to~ 1; i~ 3 2 J4 tt ~&. i~ 1: i~ 3 3 ~ Pl.. J4 tt -tx 11& Mg-4* 

#GaNft 16~fgj 0 

4i!lr4t111J 4', tt£ttllkw-Si,i.tt%P/.., tti­

f.'& {jj- Ji 12k m fl.1!:. ig (AIN)% A • m tt i-=- -~ {jj- ,,t 13 km fl 
1t. ig it (AlGaN)% Pl.. 0 ii:!:. Pr • 11 ffl ~ tt J - -f ~ tt ,,t a!J tt 1: 

-t # ;fj ft 14 km i-GaN % A m 11 ffl *o t* 'A; -=- -f ¥f- tt ft a!J tt 

1: -f-fij J,tk ft 15 km i-AlGaN % p;_, 0 ii:!:. Pr , tt 1r 1: ft 21 km -
~ 1-~ 1t.4h ~ fl.1!:. 4!JJ a!J 1r 1: # *4-% p;_, 0 *o ii:!:. z# ir-4- ati j[ 1111 

~ # Si02 ° tt #.@.~Ni- im 22 .if J-A 11 ffl *o - Mt~#.@,~ Ni- im m Ji 

9 
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;(f. i! 1f ~~ {111 If , 1'1: ffl ~o - -f ~ tt ~ 1 Ji F/.J t~ $x 1~Mg-

4t 8 GaN)i 16 ~.tt - p-GaN I&~ 16afo - i%i fJi.fit I& J~ 16b O tt 

p-GaN I& ~ 16a,;l .i1. -kt H5 ~ ,-(f. t~ M t~ 't t~ 31 r oo O -tit i!:l:. , ti 

i%i fli .fit I& J~ 16b k H5 ~ ,-(f. t~ .tx 1~Mg-4t $ GaN Ji 16( !l!p , t~ -f 

¥fr :tt ~ 1 Jt ) z - ~ ~ -tt - .i1. tt ;(f. t~ r~ *~ 't *~ 3 1 r oo z i& 

~F/.J~~~ 0 ~SF/.Jk•~•r~•Mg~-~~~-~F/.J 

Mg,;lil;,-(f. t~p-GaNi& ~ 16a03 F/.J-p-~ 0 ~ii:!:., t~Mg;p,tt;tJt 

J1J -tE i%i fA .fit I& J~ 16b 03 F/.J ft. J-:i. ~ ~ t~ 8 I ~ *Mg~ ;p,t ii.t 

i=fi O .~t ;\ft , "t.~ i%i fll. .fit I& :l~ 16b Jl-1f 1;1::, t~ p-GaN I& ~ 16a i%i F/.J 't 

fll. £¥ 0 1-'F ffl ~o i;:. -f. tt It F/.J t~ ,x i%i Mg--tt $ GaN)i 17,;l m 
~,-(f.t~$x1~Mg--it$GaN/i 16Ff.Jp-GaN~~16a~ 0 ~ 11:l:,, t~ 

$I~ *Mg;p,t ilt i=fi J-:i. Jl~t~ ~!Ji i=fi Mg¾, ii; -p-~ 0 Jt ;\ft , 

t~ i%i fA.fit I&~ 16bJl-1f 1;1::, t~ tx 1~Mg--tt $ GaN Ji 16z p-GaN 

I& ~ 16az ft. ~ J.i i%i F/.J ft. ~ J.i 0 

tit i1:1:. , -tE m ~ ~ t~ -tE 1: + " ~i Ji 14 ~ -t + --tij Atk Ji 1 s z 
M z 1r oo /lft i!t. F/.J 2DEG 14a it , ;(f. ig__ 1f lrt 1~-tf. - .i1. if~ i%i fJi 

.tit ~ ~ 16a r do z ~ ~ t F/.J 't -f ~ J.i z r , 't -f -t- 11 tt -1m 

.i1. ·H ;(f_ ti p-GaN I& ~ 16a r oo F/.J I& ~ i~ ~ 0 -tit i!:I:. , -1- ,-(f. ig__ 1f 

~~.{f.i-T•~z-¥-•tttitzM~-'t~zrTm 

-#H~A't-k1f~~F/.J 0 ~SF/.Jk•.{f.i!T•~t•m 

Jfx. .i1. it ;(f_ Mt-~ 't t-~ 31 r do F/.J t~ tt ~ Mg--tt $ GaN Ji 17 fo t~ 

p-GaN I&~ l 6ak J;r. t~ ~ fil.. .fit~~ 16b)l. 0 ~ i!:l:. • .i1. it ,-(f. r,1 t,,~ 

10 
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i!t t!i. 31 T mi~ 2DEG at; 1t -f -t 1t of# !e ~jj ~ 0 ~ ll:c ' -t- -'- of 

# t6 -tE i~ ;tr Jilf /Jo 4 i - 1r -?e M ~ .f ~ tt Jtt I t ~ Ftti ti - i!t 

~~T~-Rtt~•m-~~~A-tk;tfof~f/.J 0 

ii. ;t at; fl ' ,{I. it T ,7(E, 111] t ' iE. tf ,{I. it p-GaN !.& !~ 16a& 

:it- !JlJi 1JJ. T oo at; !.& !~ e1 # - 1i ~c it i!t -f -tm AfJ;. It 1 511& at; !.& ~ 0 

iE. tf ,{I. F'l'1 t!i. i!t ;f:!i. 3 1 T mi at; !.& ~ e1 #, -100 ~c it p-GaN !.& !~ 16a 

~ it 't -f .fm J!k Ji 1 511& at; !.& ~ 0 

[ .f ~ tt ¾t I. at; • it :Q ik ] 

•*•UJ-T~M~-t-•tt•i.f/.J.i½:Q*fl~½ 
i 3A~ 3C Ii J4 i 4A;fa 4B Ii * 1-'F 1Jl ~ 0 

~JJ ~ !e ' ~11 1£ I 3A Ii t FIT ;r; ' e1 #, it m - -~ 1.tf It 12 ' 

it m .::.. ~&. ,tjj- 13 - it 't + .... *i 1t 14 , ~ -t + -tij f!k 1t 1 s , :fv ~ 

fx1i&Mg--ti#GaN/t 16a!; f\.11:.ih .f ~tt,t kti ca MOVPE* 

7r ~ !e * ~ -tt. it £ tt 1 1 -1:. 0 -tE it -, ,?~ 1111 t , it m - .~ -t.tr " 

12fl ca J!. ;jf k ~ 200 nm~J.J J.t at; AlN?fJ ~, irrJ it m .::..k&_ ijj Ji 

13 k ca J!. ;If k ~!J 600 nm~ 4 !.lat; AlGaN-JtJ ~ 0 ll:c 7r , i~ i!t 

-f "fj Ji 14 kw J!. ;jf k ~!] 1200 nm~ 4 J.i at; GaN ,fJ ~ , irrJ tt 

ilt -f ,tij JiJ( Ji 15 k ca :!+ ;jf k ~!J 2 0 nm~ 4 J.i a''.] Al GaN ?fJ ~ 0 it 

fx 11& Mg--ti # GaN Ji 16 J!. ;If k ~9 3 nm at; }.J !.l 0 

t i!_Jtl:. f\.1t:.4h .f •tt,t fl,ffiMOVPE* $JC~ a~, .=.. f ,£ 

ig(TMA)kitffl 1-'f:Alat; *i~fltt, .=.. f £ii(TMG)k1tffl 1-'f: 

G a at; * ii, fl tt • irrJ fl. (NH3) kit ffl 1-'f: Nat; * ii, fl tt O ll:c 7r , 

J! & .::.. ~ ~ ( C p 2Mg) fl it ffl 1-'F Mg at; * i~ fl :tt. 0 ii. ;t at; fl , 

it Jtl:. * i~ fl :lit fl~ 1-'F ».; :l fl ( carrier gas) at; ft. (H2)- ~ it 1# 

11 
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}.If; j 1J - MOVPEJ!t I fi-J &,.).If;~ 0 

i1:t. 71- , - m ~ 1f3 ~ t~ l fl.1t. 4h -=¥- W,- tt Ji fl-J fl ~ :tt ¾.. 11-

100 .3i 10000 seem a{J irrdt je, II] r it 1~ J.t ' ifiJ - ffl ~ 1f3 ~ t~ i 

fl.1t. 4h -=¥- ~ tt Ji fl-J 1. -& ft h ¾.. ;{J_ 1 ooo .3i 1200 °C f/.J 1. -& i.l J.i 

J[IIl r ;{J_5O.3i3OO Torrrit~tE./Ja 0 

t~£ttll,ifJ-:J.¾..-i.f ;G£:lft, -Si£tt, fo-SiC£ 

tt 0 ;{J_ it }f ~tE.111 4' , t~ S i C £ tt ¾.. it ffl 11 t~ £ :tt 1 1 ° 

,t 1~ 1(!; -=- f,£ {tj- Ji 13 ¾.. it ;fz -;f- Ai AlxGa1.xN Bq- ' t~ 1f!; -=- f& 

{~ Ji 13 it % ~ .1,:;_ J!{ i¾' t~ X 1t ¾_ 0. 4 ° l!p , t~ 1f; -=- !.& {tr }i 13 ¾_ 

% ~ :!co AI0_4Gao.6N ° 

'f ~ 't -r ;fij ,.t,u'i 15 ¾_it* -;f- ~ AlxGa 1-xN Bq"- • 1~ 't -r ;fij 
Jik Ji 1 5 it % ~ .1,:,,. J!z i¾' t~ X 1t ¾.. ;{J_ O. 1 .3i o . 3 f/.J le. 00 pq 0 ;{J_ it 't 

:q(E.1111 1f , tt 't -r ;fij it Ji 1 5 it % ~ .1,:;_ J!{ i¾' 1~ X 1t ¾_ 0. 2 ° l!p , 

t~ 't -r ;fij ,tk Ji 15 ¾_ -Jf3 ~ :!co Alo.2Gao.sN ° ii:!:. 71- ' tt 't -f- .tij ~Ji 

15 ,if .1,:;_ ¾_ i-AIGaN §.X. n-AIGaN ° ,t 1~ 't -r ;fij ,tk Ji 15 ¾_ 

n-AIGaNaq- , Siit -ti# 11 ~ - $ J ic, i; 0 11- it ·/t i!L 1f , t~ Si 

~t4i$J-:l-~~Sif/.JilJ.i¾..;{J_l x 1O 18em·3.3il x 1O20em·3 a{Jje, 

00 pq , 1i ¾.. 1 x 1 0 1 9 em· 3 ~1 ° ;{J_ i1 ·It i!L 1f ' Si H4 .if tJ. fl: ~ Si 

a{J * i,lf, ~ tt O 

it $x 1f5:. Mg-4t $ GaN Ji 16 ¾.. 11145 x 1O 18em·3 £ 5 x 

1020em·3 z $ J il J.i j[ III r it-ti$ ;tr Mg1t ~ $ J iG i: fl-J 

GaN%~ 0 ;{J_i:[1f~~M1f, t~-tx1f5:.Mg-4t#GaN/il6it-Jf3,@. 

tJ. J!{~ Mg¾_;{J_ 1 x 10 19em·3 a{J $ jf il J.i r ~t ~ $ ;{J_ GaN pq 11 

~ # J ic, i: 0 i!. t, a{J ¾.. , ~ ;{J_ it m: ft z qt_ t~ -ti 1f5:.Mg-~ # 

12 
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., GaN}i 16--tf_ Jt.z i4 ~i pq ¾;tf fl O ffil il:l::. ' fl,:lt_!;ttt fr_Mgt.J. Jl 

~ Mg~,1,.t i1x i;§- 0 tt * , t~ .fx 1~Mg-4i # GaN Ji I 6,K J~ ~ 't 

fl!.$ 0 

ii l- , j(U --tf_ i 3 B Ii] t PIT ir- , - 1r 't Ji 2 1 Jc. HJ J& --tf_ t~ .fi 

1~Mg-4i # GaN}i 16.z. - $. iii z -1~ ~ ~.f! -1~ % l& ;tf M 

t~ -tt~3 Iz r& ~ a~ r& ~ pq O aJJ ~ .te , 1tkSi02-At ~ 1r -t Ji 

21 Jc. l- »1\:4& §X. ft. illJi {Y. * }JL~ --tf_ tt .fx 1tMg-4i # GaN}i 16 ~ 

¾ oo J:_ t.J. Jl ~ t~ 1r 't Ji 21 ~ 4 l.i k .k ~~ 200 nm O fi 1i ' -

~ --tf_ I + I.Ji ir- ~ Jt ~ii. k 1{E, /Ju f 1J ti 1r 't Ji 2 I ~ ¾ oo , ITTJ ti 1e 

/Ja ;tf Jt ~ii. ~ 1r 't Ji 2 1 P~ 41 k ;t1J ffl 4- Jt !. I * 4- Ni- ;JI;'- 1t ~t i:i, 

1¾ I.Ji t,; , ff ti:. % ~ - J1!. ;tf - tt a ;JI;'- t~ % ~ ;tf r,i t~ 't to~ 3 I z 

~~zM~z~--tf_ltMir-~1t~lil- 0 Jt.~·U1r'tli 

21 k ff ii~ ~11 §X. fl~ M * ~fl tt .fx 1~ Mg-4i ~it GaN Ji 16 z $. 

ooz-~%~;tfJt~il~~~8~ 0 M*•J1!.;tf-fi4 

7/;'- u % ~ ;tf r,, *~ 't *~ 31 z ~ .t~ z rff, .fl. 21 a ~ * ~ Ji 21 Jc. ;f1J 

ffl Si02 * % ~ 0 tt 1t fll i IP~ 1i k t.J. ;tf ~ i~ IN~ Jt. illJHY. * 
fj ~ 0 ii. ;t ~ k , tt 1r ~ Ji 21 tiJ"" t.J. k 41 s iN ~ Jt. ~Ji 1Y. * % ~ 0 

-ti l- , ~ ,{f. i 3 C i tf7 f!r ir- , lf f 1J ~ ~ la k --tf_ fl .k it r 
;Jl;'-400 fr- 1000°C ~ i.l J.i Ji II] T /Ja M O :it ti:. , % --tf_ t~ .tx 1~Mg­

;J$- # GaN Ji 16 pq ~ fl, l& ½'" k --tf_ tt .fx 1~ Mg-ii ~it GaN Ji 16 .Z. 

¾ oo z - ft ,f, ~ t~ 3lt % J& ;tf 1r ~ Ji 21 z M] :fl. 21 a~ ~ ~ pq 

.fJ~ ili O ffiJ il:l::. • t~.tx1~Mg-.ti$GaN)i 16.Z.i't,f,;Jl;'-llr1.fL2la~ 

~*-1t;;t.ti;§-t.J.ft~--t~~*~l&-p-~ 0 Mi*, -p-GaN~* 

l 6a:tt % l& 0 ii. ;t ~ k , --tf_ tt .fx 1tMg-.ti # GaN)i 16.Z. $. oo 

13 
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z HJ pj_, 1f ft 't Ji 2 1 at I& ~ R , I. at iJf ill ¾.. ;j&: ft 't Ji 21 #2 

Jl: 0 ~ i!:I:. , fl. 3f;. 1-t it .fx 1~Mg-t$ $ GaN Ji 16.:t.. % pj_, 1f 1r 1: Ji 

21 at I&~~~ ~ 0 :ft i!:I:. , --(f_ it .f~ 1~Mg-t$ ,1-/t GaN Ji 16 at 1r 't Ji 

2 1 % pj_, I& ~ R , Mg~ H at i,t it Jt 1;'i!d~ l-A fl ;I/;' it Mg 3f;. ,ii Jt 

it O it* , it ~ fli ;f.ii:. t& 1.\ 16b ¾.. -HJ pj_, 1±- it .fx 1~Mg-t$ $ GaN 

Ji 16 at 1r 1: Ji 21 % pj_, I& ~ R O 1f. i! J- -1e 1111 tf7 , it ,x 1~ Mg­

:ft $ GaN Ji 16 at fY. J.i ¾.. {~ ft pj,, A #J 3 nm O .ft il:r.. ' a1Tu ft .:b'r. f 

-t ¾.. #.~ t!l/i at TTTJ ~ R .g~ .tJ -t ¾.. #.~ ~i at O ~ J;t, , 1'-1±- it .fl 1~ Mg-

tt $ G aN Ji 1 6 .:t.. it ~ ~ it r,n -rL 21 a .:t.. I& !! R at I. it ~$. m it 
ft 't Ji 21 at rn-i :fL 21 a * ;;fp 5it !e. ~~ ~ 0 ti:. 7r , it $1 1~ Mg-t$ $ 

GaN Ji 16 at }.J. J.i ¾.. ~ Al pj_, A i~ 3 nm O -tt il:t. , ¾ 1f. tt ,x 1~ Mg­

:tt # GaN Ji 16 R at .ft. -t fi ift tt .ti 1~ Mg-tt $ GaN Ji 16 .:t.. it 

J.i 1/;' ti PJ] :fL 21 a at l& ~ ~% ~ 0 -tt i!:l:. , ,f£ p-GaN l& ~ 16a$!- ~ fll 

t.ii:. I& ~ 1 6 b .:t.. M at ft iii iiJ"" fA ¾_ ~ ii]"" ~ 1. ·ti !e. % pj_, 1±- - =ffi ~ 

f:rr. I: 0 1f ii. 1/;' J:A ..t. PIT j{ , i&. -kt at ¾.. , ti Mg-;fj. $ GaN Ji 16 

atf.f J.i¾..A~~At:1 ~;1/;'3 nmTTTJ JLJt,J,~~;J;t:1 ~~10 nm 0 ~ 

il:r.., ti p-GaN I&~ l 6a¾_ % pj_, --(f_ ti ,x 1~Mg-;f$ $ GaN Ji 16.:t.. -

3f;. % pj_, 1f 1r 't )t 2 1 at I& ~ R , TTTJ it ~ fli t.ii:. I& !! 1 6 b ¾.. % pj_, --(f_ 

ti ,t 1~ Mg-4$ $ GaN Ji 16 .:t.. - .if: @. #; - % pj_, 1f 1r 1: Ji 21.:t.. 

1& ~ at 1& !~ R O 1f- i! -t -1e 1111 t , ~ ;t J.! ¾.. :ff w -te -tr 1: ,t 2 1 

% ~ )t :i. ~ t~ MOVPEJ!t :i. R , j,:J- ,&_ .je?, 1~ MOVPE.:t.. -ff_, 1-j 1f 

fl A ft a!J ~ '.r /Ja ~ * i! 4t 0 

tit- ' -ka 1f- i 4A IE tf PIT ,r- , ti ,x ~ Mg-;f$ $ GaN Ji 17 

¾.. % pj_, --(f_ ti li- tl:l ti -t1 f~Mg-;f$ $ GaN Ji 16 at p-GaN I&~ 16a 

14 
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pq O ~B/1~!1!?., m~ti.tx~Mg-$aftGaN/t 17Jlil!ff:J:il?,:f!} 

MOVPE J-A 7r ~ _1_ -r< * % Jfi. , a8a tt Jl 11 ;{I:. ti ~ tl:l ti .fX 1~ Mg­

-1$ $ GaN Ji I 6 i¥J p-GaN !& J~ pq 1. fz ifiJ j,' tt i¥J Jidt Jl ;{I:. ti 1r 

't Ji 21 J:.1. -& 0 1!1 il:l:. , t~ .tx ~ Mg--1$ $ GaN}i 17 ¾.11 ;{I:. ti~ 

tli tt .fl 1~Mg--1$ att GaN}t 16 i¥J p-GaN !& J~ 16a pq HJ.!& 0 ~.t ;l: i¥J 

Jl' titx~Mg--1$$GaN}t17,ifJ-:.t-m;{J:.5 X 10 18cm"3 .f._5 X 

1020 cm·3 i¥J $ f ~!Ji je, lil T -1$ $ ;fij" Mgi¥J GaN% !& 0 1±- i! -J 1e 

Mtf:7 •ti.tt~Mg--1$#GaN)tl7}lm.{f.l x 10 19cm·3 a9$fi.t 

Ii je, II] T -1$$ ;ff Mgi¥J GaN% !& 0 

.jt-11 • ti -fl ~ Mg--1$ att GaN Ji 1 7 Jl ,(f_ ft_. :k ~ :t. T /Ja ~ * 
j,ilj lrt i. • .jt. t-;fe. t~ .tx ~ Mg--1$ $ GaN ,t 17 Jt f& !& p-~ 0 ,f±_ t~ 

.tx ~Mg-$$ GaN It 17 tp • j, tr 1ft -100 ~ f,;J ~ .jt. .:t. #., ,{ 1.. pq 

;g~ .ti .:t. l4 ,m $. oo i¥J 1i f.iJ jJli 1rt O ~r , i. t- 1ft tt -ti~ Mg-$ a;. 

G aN Ji 1 7 i¥J fJI. Im }.J Ji 7i f,;J i,ili l1t 0 .jf il:l:. , fl :k -.I i¥J ft tr ;;t ;f;j" 
5ii ii!?, }* lrt O 

Jfi ff i¥) Jl • t~ .ti~ Mg--1$- $ GaN It 1 7 i¥J J.f- Ji f[ If] Jl 50 

.f. 200 nm O ;(J:_ i! -f ~@. 1?1J tp , t~ .fl~ Mg--1$ $ GaN Ji 1 7 i¥J J.f- .ii 

}l;k~{]50 nm O lfk_lf-W,J}l, tt.tx~Mg--1$$GaN}t 17:f&:%.1& 

J-:.t- ~~ti .fl~ Mg-~$ GaN Ji 17 Jit. 1f ~ ~ i¥J J.f- Ji* 1~ J.t -tx 

:k ;_ i¥J 't iM O iJ:l:. Pr • lfk_ fr i¥) Jl • t~ -ti~ Mg-;ft $ GaN Ji 17 

:t&: ?fJ A ~l:. tt t11~Mg-;fj $ GaN Ji 16,l.J O ,f±_ i! -f ~@.1?1J tf7 , tt ~ 

It J.f ;fa ti~~ Mg-4$ #,ft GaN Ji 17 i¥J ~JL :ft of J-:.t- ;{I:. ti MOVPE!it 

Ii¥J~--~~pq~~~~ff 0 ~~••~k~~M~~ 

ti -& A 1f tt tx ~ Mg-;fj aft GaN Ji 17 i¥J p-GaN I:& k-\ 16a t- Jl 1f 

15 

s 

Page 151 of 330



201314898 

-ti ;f , :!to ,tf. J 4 B I t M if- , - 11 m :!ta r,,, t!i. f.ll t.t NI- ~ fl-J 

f-1@. t.t NI-~ 22 k % Jfx. ,(f. t~ ,.st~ Mg-4t $ GaN ft 17 J:. ITTJ - M t!i. 

it t!i. 3 1 k % Jfx. ,t±. U i@- t.t NI- ~~ 2 2 J:. 0 tt. 7~ , t~ ft it ft 2 l k ~ft 

% Jfx. ;ff ilid!i. it t!i. 3 2 ~ i&. t!i. it t!i. 3 3 z ft l.t fl-] i& t~ *1 ~ ' ITT] ii, 

~.i it ~.i 3 2 ~ i&. ~.i it t!i. 3 3 k % Jfx. ,t±. f% ~ 4¥- 1t- it ft 2 1 z :tt J.t fl-J 

l&k-\01 ° 

UJ--t~~fl-J4~tt•I•~~~J:.M*fl-J•ft· 

Jfx, 0 ,(f. t~ J - -j -?t 1f1J fl-] 4 ~-. I t , t~ ,x ~ Mg-4t $ GaN 

ft I 7 ~ t~ ,x 1~ Mg-4t $ GaN ,t 16 fl-J p-GaN I& t~ I 6a k ,(f. -1m 
ft.£~ tt il t.t ff ~ 22 _if_ ff 4 M ~.i it ~~ 3 1 r oo t/J i& * 01 fli iii 

ifi , ITTJ l!l iJ:t. , t- ;ff iif 116 .i 1. 4Ll f it ~M O -if iJ:t. , 2DEG 14a fi-J 

it -f iif i:.,1, ,t±. - 1m .iE. :!if 4 r,, ~.i it ~~ 3 1 r oo fl-J i& * pq i.tf ~ , ITT] 

Mait•iif~~,(f.JSitMir-#8,(f.-_if_~,ITTJM*•U 

J--t~~fl-J4•n•Iiif~~--Jfx.4~-~l~A 0 

ii. ~ fl-J k , 4 I 5 ~ t , - J.t tt 5 A* if- 4 J 1 ~ t FIT if- z Jt 

tl HEMT fl-J ~ ·ti ITTJ - -j tlt SB* if- 4 J 2 i t FIT if-zit J- ;5t 

1f1J z Jt tlHEMTfl-J 44 ·ti 0 

,(f. it -j -?t 1f1J t • tt -tx 1~ Mg-;Jt $ GaN ,t 1 6 t/J ~ fll ;Jti. I& t~ 

l 6b)l JJL ~ it fll $ 0 l!l iJ:t. , t~ 2DEG 14a ti) it -f ,(f. - .iE. :!if ,(f. t~ 

~ fll .ft i& .t~ 1 6 b r oo fl-J i& * pq iif r.,1, ft r1i .i1:. ifoX. j,' , ITT] i~ rril tt -

it rll ti}" i:.,1, fli fjj .u:. tt Jia O it!:. 7~ , t~ p-1;! ,.st ~ Mg- 4t $ GaN ft 

1 7, t~ p-GaN I& t~ 16a:fo tt ~ fll ;Jn:. !& * 16 b Jt. ;ff :f: M t/J !$ Jj_ J:.J, 

a~,t±.~~.z.Mt/J~$iif~~~~$~ 0 ¥~•UJ--t 

16 
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~~~4•n•t~~Am~l•~~•~-&tt 0 

~_t_ ;t ~ k , -tE ~ 3C i1 'f FIT ;r; ~~ht f! 'f , 't tt tt 1tMg-

4$-- #-ft GaN ,f 16 k ij at , 1# ;,t z ilt ~~ ~ i t- Jt. ;f;FH~ ~ 0 -tt ~ • 

*-tEa;;Jr~ff~JtgzT~~Am~~z-&tt~4•n 

.!!tit-Jt.;;Jf~jg5~ 0 

~~•~J:.ffl~~~-T~~~~U~;;Jf-~ff~­

ij mt 22.z tt t• ~ 4 • ft .!!t I : tl ITTJ , ~o -tE M 6 i1 'f FIT if- , t~ 

i - T 4t 1?1 ~ 4 •ft• I. ~ J:J- ~ ;Jr - i9.. ;Jr ~@. ti ij mt 22 ~ Jt 

t4 ° Bf1 ,qi tt!!. , ~ ;Jr tt i9.. ;Jr ~@. ti ij mt 2 2 z .~t t4 ~ 4 t ft -l i. 

~ J-:1. ,ff m % ~ tt ~;Jr -tE M 4A[E tf:' FIT if- z.tx ~ Mg--tj.#GaN 

,t I 7 z .*-t tl ITT) f~ 1! 4 i9.. ;Jr 1tJ ~ t* .~@. ti ij mt 2 2 z T m- tt .ti ~ 

Mg-4j.#GaN,f 17 J:. % ~ r,:J tj_ ilt tj.31 :3R 1t3 ~ 0 

[ M -=- T -?e 1tiJ] 

( 4 ttft-l i.) 

••·-M-=-Ta~~~BJ1°~4M7itfflif-•UM 

-=-T -?t111J ~ 4 ttft-l I ~.f;s-;f;ij .~!tl!.% ~m-- £ft I I J:. ~ -

M-ft.&fff,f 12, -•-=-~fffftl3, -11m~-M-4¥f-ft 

Ji ~ ilt -f- flt ~i ,f 14 ;fo - 11 ffl ~a - ~ -=- 4 tt ft It ~ ilt -f- .jij ~ 

It 15 ° - -t1 ~Mg-4j.$:GaN}t 117¾_ m -p-~ #-ft f--tt#-ft fl.1t 

4h 4 ¥fr ft It 1t3 ~ ITT) JL k 11 m ~a t* M ;.. 4 • ft It O tt tt ~ Mg­

~$ GaN It 117 k % ~ 4 tt ilt -f- .fij fik ,f 15 J:. _iE -H -tE tt Mt,,]. 

't tj_ 3 1 T do O irl:. >'r , - 1r ilt It 2 1 k % ~ 4 tt ilt -f- -iJ:J J.tk It 1 5 

z-~ ~#-%~;;Jf Ut1~Mg-4j.$GaN/t 117.z~!~F/.J ~ 

~ IXJ O tt r,i t,,]. 't t,,]. 3 1 it #& m - ~@. t..t ij mt 2 2 * % ~ 4 t~ ti ~ 

17 
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Mg-4t $ GaN,f 117 ...t. 0 t~d,lfd~ it t~32~ t~ i&.t?i it t~33tt % 

!N. rJ. Jt ~ t~ 5/,f- t-~ it t~ 3 2 ~ t~ i&. t~ it t~ 3 3 ~ J#.. ~ t~ it .:;- -m ~ 

,I l 5J1Al5 ° 

,{£. it -lf ,?(E. 1111 t , t~ £ tt 11 Jl IE - s i £ tt :1f3 ,N. , t~ i -

f.£ 1ir ,I 12 k ff1 ~ 1t. ig (AIN)% ,N. , ifrJ t~ i -=-~ {jy Ji 13 k IE ~ 

1t. ig if (AIGaN)JtJ ,N. 0 iJ:t. >'~ , t~ 11 JfJ :ko i - 2¥- ~ tt ,I {/.J it -r 
-"- tJ }i 1 4 ;il IE i -Ga N % ,N. iTTJ ti 11 JfJ :ko i -=- 2¥- ~ tt Ji {/.J it -f­

Jij xtk It 15 k IE i -Al G aN JtJ ,N. 0 iJ:t. 9~ , ti 1r it Ji 2 1 k IE - % fl, 

1t. #1 ~ ~ 1t. 4h {/.J 1r it # jJ'4 % ,N. 0 :ko iJ:t. z - ;ft ;ft jJ'4 {/.J ,i {11J ~ 

Mi s i o 2 ° t~ 11 m j(O - r,, t~ #.@. ,-t ij ~ W-J #.@. f.-t r-4 ~ 2 2 iif rJ. ff. 1fr 

Jffi -r It ~IL ;ffi (ALD) ff1 -1t k .fl, 1t. ig ~i {/.J #.@. f.,t tt JtJ ,N. 0 

,{£.tti-=-T~~t•~mAUl~-:¥-•tt1tW-Jtt•~ 

Mg-1t $ G aN Ji 11 7 k JtJ ,N. ,{£. - 1@ iE. ft 4 M t-~ it t~ 3 1 T oo W-J 

!& ~ pq O ~ iJ:t. , t~ $ 1f 7(. -f Mg;pt J,t i~ J:J. j!z m-:+t J,t i~ {/.J Mg 

k-p-~ 0 JfiJ:t., t~2DEG 14akJtJ,N.~ti4 't-r-"-tilt 14 

~ 't -r tjjj xtk Ji 1 5 z M f/.J 1r oo 11ft ili , ifiJ ti ~ it -r iif tJ. 1:f 1:t t~ 

it-r -"-ti Ji 14:t... - iE. ff,{£. ti -tx ~ Mg-4t $ GaN)t 117T oo {/.J 

1&*~~ 0 ~•4a*~~,{£.UiE.*1f.-*%!N.*tt•~ 
Mg-1i$GaN/tll7zi&~Toozi&*tf/.J't-r!MJ.iz T, 

tt 2DEG 14a {/.J 't -r iif J:J. 1:f 1ft - iE. ~f ,{£. - % ,N. * t~ -tx ~ Mg-

4t $ GaN Ji 11 7 z I& * T oo {/.J !& ~ ~;lj ~ 0 -tt iJ:t. • 4 a* Jt /Jo 

M ti - 't ~Ji z T , ti I -=- T -1~ 1111 W-J 2¥- ~ ft .l .i. iif tJ. :+Lt t~ ~ * 
~m--fn~~k~ 0 

,{£. U i -=-T -1~ 1111 f/.J .f • tt .l .i. 1P • tip-~ Mg-1i $ GaN 

18 
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JI 11 7 ¾.. % !ix. ..iE tt ,t£ tt r,1 t~ 't t~ 3 I T iii O iJ:I::. 11- , 1ft Pl tt 1r 't 

~ 2 1 k % !ix. ,t£ - ~ e1 .tt tt % !ix. ::/Ii M :t~ 't :t~ 3 1 ~ r& ~ f(.J r& k-\ 

IXJ , - p-°!t! r& :t~ ¾.. * H5 !ix. 0 gJ iJ:l:. , .il:. tt ,t£ M ;t.j_ 't ;t.j_ 31 T iiJ 

~ ti 2DEG 14a f(.J 't -f aJ" J:.1- :Jt a[ l :!6 ~ti~ 0 gJ iJ:l:. ' .t- ~ aJ" l 

~,tf.~*UJ~T~~~-f•ft•I+~M~-«~~T 

~-~tt~Tm-fN~A•k*aJ"~f(.] 0 

( -f ~ ft J!t I f(.J '1. x½ 7i it- ) 

~~•UJ-T~~~-f~ftaif(.J'1.x½7i*k~¼ 

J 8A£.. 8C Iii :fu J 9 Iii * 1i= tt ~ 0 

:fJJ ~ i6 , ~11 ,t£ J 8A fil + PIT ~ • tt J - -~ 1Jt JI 12 , t~ J 

~ f.£ 1Jt JI 1 3 , ti it -f "- fj Ii 1 4 :fu it 't --f .m /.lk Ji 1 5 , J;,.c&. tt 

*t 1tMg-4t # GaN Ji 16 k ff~ MOVPE * ,{f. tt ,&. ft 11 J:. 11-~ 

!6 !i -& 0 ,t£ i! T ,Q~ M t!7 , tt J - f.£ 1Jt ,t 12¾.. w Jl- *A.~ 200 

nm~ 4 J.i f(.J AIN % !ix. • rriJ tt J ~ f.£ 1it ,t 13 ¾.. Eb Jl-* A. i!J 600 

nm~ 4 J.i W-J AIGaN% !ix. 0 iJ:l:.11- , tt 't --f "- fj Ji 14 kw Jl-* 
A.#.~ 1200 nm~ 4 J.i f(.J GaN ff) fix. • rriJ t~ « -f 4ij ik ,t 15 ¾.. Eb Jl­

*A.~ 20 nm~).J. J.i f(.J AlGaN% fix. 0 

't i! Jt6 fl.1t. 4h -f ~ ft Ii k ff ~ MOVPE * ~5L ~ a~ , .::. 'f 

,&.ig (TMA)k:lt Jfl 11 Al W-J * 5/,f, ft. ft • .::. 'f ,&.ij(TMG) (TMG) 

k :Jt Jfl 11 Ga f(.J * 5~ ft. ft , ft (NH3) ¾.. 1t Jfl 11 N f(.J * 5,W, ft. ft 0 

iJ:t. 1!-- , J.l ~ ~ ~ ~ (Cp2Mg) ¾.. 1t Jfl 11 Mg f(.J *~&,ft. ft O 51. ;t 

f(.J ¾.. ' i! Jl6 * 5/#- ft. ft¾..~ 11= ~ ~ ft. ( carrier gas) f(.J A (H2)- ~ 

:tt 1~ l.t i•J - MOVPEJ!t I f(.J &... J,lf; ~ 0 

iJ:t. 11- , - Jfl ~ % !ix. ti ~ ft 1t. 4h -f ~ ft .t W-J ft ft. ft k 4 
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100 .f. 10000 seem {/.J ifiL ~ ~ Ill T f'11¾ fi.t ' ITTJ - ffl ~ JtJ ~ t~ f 

fl.1t, 1bJ t ~ tt ft f/.J 1. -k It h k ,ff. 1 ooo .i. 1200°c f/.J 1. -k i1fr. & 

fe. Ill T {f. 50 .f. 3 00 TorrT f'1-1t /Ja 0 

t~ &. tt 11 of i:1- k - if f ;G £ tt , - Si£ tt , :i¥0 - Si C £ 

tt O ,ff. i! j'- ,1{f, 1111 4' , it S i C £ tt k :ft ffl 1'1= it £ tt 11 ° 

1i it i --=- f.& {tf ft 13 k :ft ;fz ,r- ~ AlxGa1-xNB:f • tt i --=- .~ 

{Jr ft 1 3 f'1 -Jf5 ~ i:1- jl ~ tt X 1.t k 0 .4 ° !!p , tt i --=- tl {Jr ft 1 3 k 

-Jf5 ~-lt0 Alo,4Gao.6N ° 

1; tt i[ -f .fi,J ~ ft 15 k f'1.tz ,r- ~ AlxGa 1-xN Bf • tt it -f .fi,J 

~ ft 1 5 :t'1 % ~ i:;_ jl ~ tt X it k ,ff. o . 1 .i. o . 3 f/.J j[ Ill pq O ,ff. i! -t 

,1{t;, 1111 If ' 1~ i[ -f .fij ik ft 1 5 f'1 JtJ ~ l-A ~ ~ 1~ X {.t k O. 2 ° f!p ' 

ti 1: -f .fi,J ik ft 15 k % ~ ~o Alo.2Gao.sN ° iJ;l:, 9r , 1~ it -f .ti,J ik ft 

15 of i:.t- k i-AlGaN ~ n-AIGaN ° ,t ~ i[ -f .fi,J ik ft 15 k 

n-AlGaN 8:f , Si~! .ft ~fH'J: ~ - $ jf ;;t-!- 0 -ff_ i! ff i>t If , 1~ Si 

~t -tt $ J-:J- Ji~ Si {/.J JL1. k ,(f. 1 x 10 18em ·3 .f. 1 x 1020em·3 
{/.J ,i 

Ill pq , 1ik1 x 10 19em·3~i O ,ff.i!•lti>t If , SiH4of J:J-1'1= ~Si 

{/.J * i,W, i. ft O 

tl l- , -Jto ,ff. i 8B 111 4' IJT ,r- , - * it ft 21 k -Jf5 ~ -ff_ tt it 

-f ;fij ~ ft 15 ~ - * oo ~ -100 ~ el..# - 100 JtJ Pi ~ M *~ it ~ 3 1 

~ !& * f/.J t& J~ pq O BA~!~ , 1i k Si02~i f/.J * 1: ft 21 kl-~ 

~ ~ ft. ?RJt 1i;,t. * iJL it {f. i~ -t -f -m ~ ft 1 5 f/.J * oo J:. i:;_ n. ~ 1t * 
it ft 21 {/.J 4 & k ;k ~~ 200 nm O &t {i ' - ~ ,ff. Ill If l.!Jt ;f- {/.J 7t 

~.ll k -1t /Ja t 1J ~ * it ft 2 1 f/.J .ifz iro , ITTJ tt -1e /Ja ~ Jt ~.ll f/.J * 1: ft 

2 1 ~ 1! k ;t1J ffl it- .7t l. :i * it- 1i-~ .7t tt i:.t- 1¾ IJt ~ • ff. il=t. -Jf5 ~ 

20 
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-!!k i,J * 1ft tt ~ -=f- 4ij ik It 1 s .z.. ¾ uiJ .z.. - * HJ m.. ~ 1t ~Ji I ~ {1-J 

r& 1~ :fi ~ 0 Jt * , Jt. ~ - :tt J.t ~ it HJ m.. ~ r,, t~ ~ t~ 3 1 z r& 

~ _z_ P1t1 .fL 21 a {/.J 1)-- ~ Ji 21 }t :t1J ffl Si 0 2 * *3 !#.. 0 ~ 11 , tt 1t ~.ll 

i~~~k~~-~~~~-~*8~ 0 ~t{I-Jk•U-fr 

~ It 21 iif i:;_ k w Si N ~ ~ !RJt 1!;{ 3R 1f3 m., 0 

Ji 1- , :ko ..(f. i 8C I t f'lT ir- , tt Mg-Jj $ GaN}t 117 k 1fJ 

m.. ..(f. - ft J.t ~ tt 1r ~ It 2 1 .z.. nr-1 -rL 2 1 a .z.. it- ill tt it -=f- Jij ik It 

15{/.J[&~pq O J!.B~4Jt.' w~ttMg-Jj$GaNJt 117k>fi1-

MO VP E t.l- >'r ~ -& m.. * ill ;tf J61fJ !#.. , Jl:dt k 11 ..(f. - :tt ~ ~ U 

1r ~ Ji 2 1 .z.. it- ill tt ~ -=f- -m ik It 1 5 .z.. P1ti ?L 21 a {1-J r& .!~ pq :t -& 

ITTJ Y 1f {1-J ~ tt k ..(f. tt 1r ~ It 21 J:. :t -& 0 f!l i!:r, , tt Mg- 4t $ 

G aN Ji 11 7 uJ" i:i_ 11..(f. tt it- ill it -=f- Jij ik Ji 15 {/.J r& .!~ pq HJ m.. 0 ii. 

t{I-Jk' ttMg-4j$GaN/ill7ii}"J:.l-w..(f.5 X 10 18cm-3 .f.5 X 

1020cm-3 {/.J $ 'jf it J.i je, II] r 4t $ ~ Mg{/.J GaN HJ!#.. 0 ..(f. i! 1t -?!tt. 

1111 t 'ttMg-Jt#GaN}t 117kw..(f.1 X 10 19cm-3 {/.J#lf i!Ji. 

~ II] r Jj $ ~ Mg{/.J GaNHJ m., 0 

~ 11 , ttMg-Jj#GaN/i 117 k..(f. fl :k ~ :z r /Jo M * ~jlj 

~.l' ~t-JettMg-Jt#GaN)i 117i!t~t-m.,p-~ 0 ..(f.ttMg­

~ $ GaN Ji 11 7 tf , .l t- ift -100 t~ fol ~ ~ .z.. #.. if. :t P-1 .g~ J~ :z 

ij JI%¾ uiJ {/.J 1i faJ ~ti~ 0 E!p , .l 1t 1ft tt. ~Mg-~$ GaN}t 117 

{/.JijJl%4J.i1[faJ~~ 0 -~'-J\..t{/.J,l1{-~tt~~~o 

21 
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.-(£. 50 .f. 200 nm Er-J j[ III ~ 0 .-(£. i! lr 4e {111 t , t~ .fx ~ Mg-.ft #.ft 

GaN,,f 117 Er-J }.J Ji k .:k. j~ 50 nm 0 

-~•~.-(£.J9~tffl~•-~ffl~MaM•MaEr-JM 

fa.#- rt a 22 it. ff; fi§.. .-(£. ti Mg-.ft #.ft GaN Ji 17 J:.. ifiJ - r"', t~ 't t~ 31 

k ff3 * .-(£. ti t@. • M- a 2 2 J:.. 0 ~!:. 11- , ti 1r- 't ft 2 1 it. ~;t ff; fi§.. ~ 

ii, t~ 't t~ 3 2 ~ ~&. t~ 't t~ 3 3 z it ;,t Er-J ~ J~ i'fy ~ , ifiJ ii, t~ 't ;t-1. 

3 2 ~ i&. t~ 't t~ 3 3 it. ff} fi§.. -if fy ~ .ff -fr- 't Ji 2 1 z it I,% Er-J ~ ~ 

~ 0 

ui~-,.~~Er-J4••••~~~~J:..M~Er-J••• 

* 0 .-(£. ti I~ jf 4e {111 Er-J 4 W.-ft. I t , ti Mg-.ft $ GaN,,f 117 

k .-(£. -100 ft.£ if& it t@. • rt Jm 22 .iE ff.-(£. M ti 't ti 3 1 ""f oo Er-J ~ ~ 

~ iJt i!t it , ifiJ l!l ti:. , t- ~ iif jj5 ,{ ± 1Ll j 't iM O tt ~I:. , 2DEG 

14 a a!J 't -f iif r;_ ..(£. - 100 .iE ff ..(£. M t!i 't ti 3 1 ""f oo Er-J ~ ~ ~ }~ 

~•ifiJMat~iif~#8.-(f-.iE~ 0 M*•Ul~Jf~~ 

Er-J 4 if§.. ft * I aJ"" r;_ iJt tl ~ * ~ ~ - t ij~ Mk ~ 0 ii:. >'r , ti Mg­

.ft # G aN ft 11 7 ~ ff3 fi§.. .-(£. - ~ ~At tt .iE '.SCf .-(£. M t-1. 't t!i 3 1 ""f 

oo z ~ :t~ W-J ~ ~ ~ 0 l!l ii:. , 4 it .iE * .-(£. r,, ti t ti 3 1 ""F oo z 
~ ~ ~ z 2DEG 14a Er-J 't -f iif l-A iJt ~h" .il:. i~ j,' , ifiJ -tt nti tt- 't ~Ji 

iiJ"" r;_ iJt ~h" .il:. ~ /Ju O ..(£. ti I ~ -t 4e 1111 W-J 4 W,- ft ~ I t , it p­

~ Mg-.ft # GaN ft 117 it. ff; fi§.. -if - .iE ff.-(£. r,, ti 't t!i 31 ""f oo Er-J 

~~~ 0 I!] i!:., -~ff}fi§..~"ttp-~Mg-.ft;?.ftGaN,,f 117.zl& 

~Er-J~~iif~-~~~~ 0 M*••fi§..z4•tt•IEr-J­

~ttiif~-~~ifiJ-fi§..z4W.-ft*IEr-Jl•iif~•&*0 

~*•~J:..ffl~Er-JJ~jf~~~~U~~-~#M• 

22 
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ij lYt 2 2 z .~t t4 f/.J 4 • ft .l I. ; Pt.~ im , tt 11; .::. T }j@. 17,J f/.J -=¥- ~ 

ft .l .i. "f J:.J, !J_. 1f - & 1f ~ ~ ij lYt 2 2 a~ Jt t4 ° EIJl ~ tt!?. , !J_. 1f 

tt i~ :;Jif #.@, ii ij lYt 2 2 Z tt tJ {/.J .f ~ ft .l f_ ~ !-A ff £a % Ji'§.. tt ~ 

.ft{±. J 8Ci If PIT iF zMg-4t#.tt GaN;f 117 zJt t4 im ~1l1±- i~ 

:;Jif H5 Ji'§.. tt #-@,#.f,. ij ~22z T ~tt Mg-4t#.ftGaN;f 117 J:_ H5 Ji'§.. r.,,1 

;J:~ « ;J:~ 3 Hlt 7fj ft'§.. 0 

atf/.J¾•UJ.::.1t•~z.f•n•1.f/.J~~~-~ 

#•¾~UJ-1t•~z.f~ft-i_f/.J~~~M 0 

[ • ~ jf }j@.171J ] 

~*•-'A;~'Jt-~¾~ttE!Jl 0 UJ~T•~~~­

.f.ft#.lft·-«~*••~~&-~-~AB0 

••~••~f/.J•••tt•n~.u-u•-••~~u 

•-=-••~z.f•n.tI.f/.J~•tt••·~•u~•tta 
-=¥-•ft#.lft 0 ~~•u~•tt.t.f•tt#.lft¾~½J 

1 o 111 * 11 tt EIJl O ~i. ;t f/.J ¾ , J 1 o III iF ;t tt!?. 4~ tt tt ~ • H * 
4•n:tt•ttf/.J~~M· 0 ~~•{f.tt~•:tt•.f•tttt 

•nz~-~z«A~~-~f/.J~i_~~¾-UJ-T• 

~~UJ.::.T•~z.f•n•1-f/.J~M 0 

~*~•-~G~.f.ft##tft'§..f/.J~t:~•8•« 
ElT'l ft(HEMT).f .ft la J4 410"[ f-\ ff m t;J ta{±. J - 1f }j@.1f1J ~ 

• _::.1[- }j@.1f1 If. Ji'§.. {/.J f- ~-. J_ * Jt} Ji'§.. 0 tt f- •• a8a J4 41 Q 

k ff - 1t k ~ ~t f/.J 00 la $& * IN 4 3 o * 00 ~ R- - ~ f,,i ~ 4 2 o 

J:. 0 i.t. ;t f/.J ¾ , tt 4 3$-ft la J4 41 O,tij -t $- J - T }j@.1ftl ~ J .::. 

T }j@.1f1J f/.J 4 3$- n .l I 0 

23 
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l'.il 11 , - M t-i i1t t~ 4 11 Jl M ~ .tt 4 3 Hit i! -ti f 1J - M t~ JI~ 

-f- 4 2 1 ° - ilf- t-i • t~ 41 2 Jl • ¥f,. it 4 3 2 * i! Ji f 1j - ii, t~ JI~ -f-

422 ° - ~&. t~. t~ 413 Jl ff" .it 433 * i! Ji f 1J - i,W, t~ ~ -f-

4 2 3 ° ~.t. ;t ff.J k , ¥f,. f;,t 4 3 1 , 4 3 2 ;to 4 3 3 k re 1t Jl jg ( A 1) ~t a{J ¾ 

l##%~ 0 ~*•~UM~T~~~-f~ftttant, 

t~ M t~ i1t t-i 411 k %q - r,i t.i i1t t~ ~ , *- Jl i! Ji t 11 t~ M - -f -1e 

1111 ~ i~ JfL:: .. -, -1e 1111 ~ + ¥1- tt a 1. a!J r,,, t~ • t~ 3 1 ° i1:1:. Pr , i~ 

i,W, t~ i1t t-i 41 2 k 1.q - i-W, t~ i1t toi ~ , *- k i! Ji t 11 t~ M - T -1t 1111 

~ t~ M ..::.. T ,1e 111J ~ -f ~ ft a i. ff.J i,W, t~ i1t t~ 3 2 ° J:t Pr , t~ i&. 

t-i i1t t~ 4 1 3 k 1.q - i&. t~ i1t t~ ~ , ~ k i! Ji t 1J t~ M - T -1t 111J ~ 

t~ M..::.. T ,1@.1111 ~ -f W..ft a I.~ Mt~ i1t t~33 ° 

-~,ffl~~ff.JA&kM~-k-8•«•~-•~ 

~ ~ J:J. Ji tlUit Jlij (mold resin) 440 ~ :it O tt J:I:. , 1l Jfl t~ GaN 

-f W.-tt# 7"4 ff.) t~ ~~:H .HEMT-f ~,tt :H. ft k1Jt ~ ~ 0 

-~•UM~T•~a{Jilt~*••~~~-~ABk 

~*~ 0 1±-J~T•~tff.Jilt~*••~~~-~ABk 

1.q~Jfl~UM-T~~~UM..::..T•~+~+•ttaI.a{J 

i1t if¥-* fi.i. ~ ~ ~ J~ ~AB 0 

~~~•1f.UM~T•~ta{Jilt~*••~k~½M 

11 Ill 1-i= * ~ 0 1f. M ~ T-1t 111 t a{J i1t i,W,1~ • • ~460 e!.At - ~ 

~ .t.. -t. ilt ~ 4 6 1 , - 1~ It ~x -t. ilt ~ 4 6 2 ;to - ffic. I. 1f. t~ .t.. -t. ilt 

~ 4 6 1 ~ t~ ~k -t. i1t ~ 4 6 2 ~ M a!J ~ It B 4 6 3 ° t~ .t.. -t. i1t ~ 4 61 

e?..#- 5t im.(AC)ilt if¥-* J.t B 464 , -100 r;t t~ a{J "~ "A 1it im. B 

ilt~(bridge rectifier circuit)"465, it100Mt#t~1t(~M 1111) 

24 
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.:t_ ~ 1r1l tf1 im 100 -tJJ ;J~ .it 1t) 466io -100 tJJ ;J~ .it 1t 467 ° tt =:k-t- 1: 

~ 4 6 2 ~ # it 100 M t~ .it 1t ( -tf. 'if; 11 IE .:t_ ~ 1r1J tf1 :--100 M t~ .it 1t ) 

468 ° -t± i 11 ii {1-J ~ 1r1l tf1 , tt i - -t -?t 1r1J ~ ti i -=- 'Jr 4e 1r1J fl-J 

-=I=- ¥f- tt !it i. kit m 11 ti .i. -t- 1: ~ 4 61 a9 tt ~ tJJ ;ti .it 1t 4 6 6 t.A 

a ti -tJJ ;Jffe-. .it 1t 4 6 1 ° ~1. t, a{:) k , ~ :ltf r/.J k ti .i. -t- 1: ~ 4 6 1 a{1 

tt ~ tJJ ;Jffe-. .it 1t 466:fo ti M ;Jj .it 1t 467 k ~ f n~ -=I=- • tt !it i. 0 

1J:1:. 11-- , -t± ti =:k -t- 1: ~ 4 6 2 tf7 FIT 1t m {1-J tt ~ tJ] ;Jj .it 1t 1t m - \:E1 

~y 1f5 Px. {1-J it i! ~ JI j@. t;ffe. -=I=-~ ft J~ 3ii. i[ a~ ft (MISFET) 0 

Jt ~ , -tf. ti i :- -t 4e 1r•J tf7 {1-J ~ ti;~ :& :k. ~ k rJie. ◊ i 1 2 IE 

11 tJl a~ 0 ,{f_ t~ 'if; 3-- 'Jr ,?t fr1J tf {1-J ~ -!);~ :& :k. ~ 4 7 0 "}" l-:J. • m 11 ~ 

- fr f/J it t! £ J:t!?. 1:, {1-J 1-JJ 4 :& :k ~ 0 tt ~ -!J;~ :& :k. ~ 4 7 0 e!.. ;tt -

t.l fil. ffi ~ A 't ~ 4 71 ' - i~ 1} ~ 4 72 ' - 1-JJ 4 :& ;k ~ 4 7 3 io -

;t ,1;J ~ ◊ ~ 414 ° tt t.t 1.u:. tll ~ • -t ~ 411 it f• ~ * im 1:t - ~ 

A.1fl. !t {1-J q~ ti. ·ti. jJ O tt i~ ◊ ~ 4 72itf• ~ * Je, q~ ,i;. ·ti. jJ 

it im 1f a9 ti ~ A tfl. !t ~ - 5t ifit (AC) tR !t i~ ◊ 0 tt 1-JJ 4 ~ :k. 

~ 4 7 3 it ft ~ * ;je, ~ t~ AC tfl. !t iJt ◊ {1-J t~ flf.J A 1ft !t :& ;k O -{± 

i 1211 {1-J ~ 1r1I t , tt ;i:JJ 4 :& :k. ~ 4 73 e?.. # 1~ i - -f 4e 1111 ~ tt 

i -=- -'f ,?t 1r1 {1-J -=I=- ~ ft .l i. 0 t~ ;t f.Q ~ ◊ ~ 4 7 4it fl~ * ~ i.!t 
U ~ A tfl. 5ft. ~ ~ ill 1ft 5ft. 0 ,{£. i 1 2 ii o/ FIT if- {1-J 't ~ o/ , t~ iJt 

◊ ~ 4 7 2 "1"" i-:i. Je, t~ flf.J ill tfl. !t ~ t~ AC 1R !t i~ ◊ iE lL Je, t~ flf.J ill 

~5ht~UAC~-a9~◊~-~•~ttt.l~ffi~A't~ 

471 ° 

*~ JI: t~ ~ :t~ if- , fl ffl - {t k GaN ~ Jt- ~Jl fi;( ~i a9 fl.1t.4bJ 

+••~~-=l=-¥f-ft##*AfPx.a9-=¥-•n.lJ.~am~•-
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~~z4~•-·~4*~~~~~~~M&-«SzT 
/&JJl~-Jldi~-'$"n~M~~ 0 

~~tM~~M~~+~*#*~k~~~ATIM 
-~TM*9~&~9~AM~*z~~i•z•~~~ 
•m~,~~k~**~~~AUf#~~+~•#•A 
~«~•tzttf~+~••~~k~&*9~z•~~ 
1&~ 0 -~*•~~T~~-~~~~~~~·-~TM 

~k·~~~•M**~~~#~A.zT•#~**~ 
~ 1f 4t -fy,J z ~ .t( ~ tt ~ ~.t ~ , ~ tl , ~ ~ 1t k nt ~ it. ~ 0 

[!iBAM:!IIL~~:l 

J11EkA-~--~fflG~zl~~t+•8$t 

la ft (HEMT) ~ .~t t4 IE : 

J21EkA-~~---T~~z4•tt•I~M­
li ; 

i 3 A , 3 B ;1:o 3 C IE k A~~ it tt I - T ~t 1Y1J ~ 4 ~ft. I 

z~i½4ik~~flli]; 

I 4 A io 4 B lil k A .fia ~ tt I - T 4t -fy,J z 4 ~ ft • I z 

~i½4ik~~flli: 

ISIEkA-~•ttl-T~~z+•tt•I~M• 

t fl ~ ~ll t>~ t itfd/.J # ·ti Ii ; 

l61EkA-~•ui-T~~~~-+••••~ 
jt;t41E; 

l71EkA-~---~T~~~4~tt•I~M­
IE : 

26 

Page 162 of 330



201314898 

i 8A, 8B:fo 8Cli] ¾.. A .-f~ tttt i.:::.. lt'" -?t1f1J ~-f ~-*I 

~ tl 1½ :::Q ii: a9 tl f.I Ill ; 

i911lkA-~-UJ.:::..lf"~~~-f~tt•t~•1! 
:::Q ii: a9 tl f 1. Ill : 

i 1 o !II ¾.. A - .-fta tt - M .=.. 1f -?t 1r1J ~ ~ ,%ir -f ~ fl :it {t tt 

El9 tt B}=j Ill ; 

M 11 !II k ~ t~ i .=.. ,r- -?t 19,J ~ 1: i,W..1# li ~ 7't a9 i: ~ 111 ; 

a 

i 12 !II ¾.. A - .-f~ tt t~ i .=.. lf" -?t -f9,J ~ ~ r/1 * ~t k ~ a9 .*-i 

ti Ill 0 

[ 3=. ~ .7t 14 ~ ibt "Mt aJl l 

5A ;t.~ 22 MM~ijmt 

5B -Jrti 31 r,, t-i. ~ t~ 

11 £:tt 32 i,lf_t,,i. ~*~ 

12 M-t.&firfi 33 ~&.:t,,i. ~ *~ 
13 M ..::. r.& fir Ji 117 .tx ~Mg-.tt*-f!GaN/t 

14 ~-f-M-f1tl 410 -f ~·la~ 
15 ~ -f .tij iktl 411 M*~~i~ 
16 .t11~Mg-.tt*-f!GaN/t 412 $},f, :t,,i. ~ *~ 
16a p-GaNI&~ 413 ~&.:t-i. ~*~ 

16b ~ fll}Jt. I& k\ 420 ~ti~ 

17 .tt ~ Mg-~$GaN}i 421 M:t-i.~-f 

21 *~" 422 il?-t-i. ~ -f 

21a nti :fL 423 ~&.*~~-f 

27 
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430 00 la ti ~;h!N 470 ~~aA"" f"P1, ~ 

431 ¥?4 471 it 1ft fJHk:.. 't ~ 

432 ~it 472 i~%~ 

433 W.-.tt 473 :i:JJ4'aA~ 

440 &tit!tJli 474 ;tif;J~,S--~ 

460 't 11.tf.~ "" -i.,' .,, ,~JfL JG 911 £.tt 

461 jgj&:£.-1-'t~ 912 l&_1jj )t 

462 1t& ;:Jt-t- 't ~ 913 i'&.1jj )t 

463 ~~~ 914 't -f tt-ti )t 

464 AC 'ti~ 1¾ l.t ~ 914a 2DEG 

465 ~ J\!it)m. ~ 't~ 915 't-ftij)ik)t 

466 tJJ;fijc,14 921 r,JJ t-.i -t ti. 

467 tJJ;Jijc,14 922 i~ti. 't ;r,,.i 

468 tJJ;fijc,14 923 ~&Ai. 'tti. 

28 

Page 164 of 330



201314898 

0 

0 

* i:rif~Jffc.: (o( (~?1' 
* fit 8 : /v(_ ;;·. r 
- ' ~aJtt ~i : C 'f x.l~x.) 

-f ~ ft • .i. ll • i½ 7i i¼ 
SEMICONDUCTOR DEVICE AND FABRICATION METHOD 

.:;:_ ' 'f :S{_~a,ij~-t- : 

-8ffl~-i½-f•tt•.i.~7i*~-- 0 U7i*~#~M~~­
£ ft J:. H5 !& - i - 4- •• Ji ' - i .::. .f •• Ji~ - ~ ½- p-~ $ J ic 
•~+•tt~I/i:~u-=¥-•tt~I~~%J&~•%J&-~~-M~ 
~k«Jt;~~Uk«M~M~&ili~+•tt~IMJ:.%7&-~¼­
p-~ # J ic f-- ~ i--=.. + ~-Ji ; ll~ it i--=..-=¥- •■ Ji J:. H5 l&- r,i t~ « 
t~ 0 

A method for f abr ica ting a semiconductor device is disclosed. 
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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Jt J:A ,1;7 J4 ft. ~ -1t- 1' ~ - i! ~t Ji $ , fA ,&. 1{-j A p ~ fl 1t. ~ 

(GaN)}t , p ~ fl.1t. ~ (GaN),f fA i1=_ , $'? , if , M: J4 ,;ta!) .Jt-

1' ~ - l! ff#$ 0 ;(f. Ji - -J ~ ~ tf=', M 5 * 4 ~%A~ 
¼T~~mk,ff~;(f.-=-5ttJ4½JJi~M%A~-­
~0;(f.Ji-T~~tf=',M5~4~%A~~¼;(f..=.5tt 
J4~Ji Ji ~M1l-JAM!f.t#7"4Ji 0 

Ar•*•~~J:..~§~,#a,a~~~~~-
1~,~T~½fflffllA'~~~tt~~T: 

[ T :otE. ::?° A l 
~T~~~~~~**f~~~T~~~~+,ff 

jl:i T ff ~ ~ T :ot 1111 ary ~ ~ 4~ 11'.i , T ~ iG 1t J4 ~~ 71J ::?° A ~ 

4~ k. 111 + 1~ m ~ 1a; 1t. * -t~ ~ , it Jt6 1111 + 1111 A ~ ,i , 1 

-1!=: ffl ~ ~Ll ;t * -i~ ~ 0 Ji 9f' , ;(f. J:A T -i~ iG ary ~ ~ 111] + 1' , 

aJ"" i: ;ii. 1t m {i ~ tA a 1 ~ + ~ , it Jt6 :t ~ a!J ti !t k m ~ rEli 

1t tA a 5t ~ se JJt 7G * :t~ ~ , .li .:JI=: m ~ * iG ~ ~ -, :otE. 171J tA 

a1~~~~:t~~M a~ nM1~ 0 
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i I iJ M iG - 1f ;5{E.111J z :fl..~ fl 1t if (GaN)P3 1i ~ 1: Jla 

ft {l,J -f ¥} ft -~* tl- 1 0 0 z -1§1] oo iG ;t i] ' i 2 a ~ 7 a il JJi iG 

*•*~-fG{l,J~-·~~'¼*41 li]{l,J.f.ftM. 
~{l,JM~M•z~oo-fG;ti],J2b~7blM-iG*•* 
•~~~-..-~~,~M~~J2a~7afil~M~M­
zJ1 ■ ~4~ftM.~-fG;t~0~MJI~,J2a~ 

7 a 11 tA ,& j 2 b ~ 7 b ii , 4 ¥} ft jt ti 1 0 0 ,& ~ % ~ 1f i!:-

~Mi I 00 , 4 ¥} ft jt tl- 100 ~ ¼ i. f A:i £ ~ 110 , 

!1:6 Yr , £~~or t.A k ~i 1t ,;y (SiC)£ ~ ~ ,;y £ ~ , ,;y £ Jt 

1111 -:kn or J-A ~ ( 1 1 I ) ,;y la 00 ° 

4 • ft .tt ti 100 ~ ~ ¼ "- W .ti mi (heterojunction)ffJ, 

~~~~~M~4¥}ft##MzM,~-:ko~~~M~· 
f1r: (band gap) a9 # i4 /t O 1111 -:ku , 4 ¥} ft -~t ti 100 or ~ ¼ -1F-

1i $ Ji ;f:EJ it 1 a9 ijs • 1:+: i! i! It (non-doped relatively 

narrow-band gap channel layer) t.A ,&. ;f:f::l it Jt ~ te. • f!r: n ~ 

;5(£ -=f- * ~ M (relatively wide-band gap n-type donor supply 

layer) 0 -{f. - 1f ;5(£ 111] tf , 4. ft jt tl. 100 ~ ¼ j - III-V 

4* 1t ¼ th M ( ~ ~ii- ~ t.& 1fr M ) 1 14 % ~ ~ £ ~ 1 1 o J:. , J-A a 
J .:=.. III-V 4~ 1t ¼ 4h M (~~ii- ~ fli ff It ) 116 % ~ ~ .$£ 1fr It 

114 J:. , !.& 1fr M 114 ~ fli ff It 1 16 k w ~ IA ;tl J:. I III- V 

4~ {l,J iG -t ,P}T % ~ ~ 1 t ¼ 4bJ ,P}T ti J& , ~ iTTJ , !.& qjj It 1 1 4 ~ 

fli ff It 1 I 6 1t Jl:[j 4 fJi ~ J:. k ~ M a9 ° ~ .ti FA ff It 1 1 6 a9 

!.& 1fr It 114 ~ -1F- 1i $ ~ qf ii ;t 1i $ (unintentionally 

doped : UID) , 4 * 1f ;5(E. 1ttl a9 4 • ft .~t tl. 100 tf ' !.& 1fr It 

0503-A36012TWF/Kelly 7 
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114 @; ¼ GaN Ji ( ~ ~jj. ~ GaN ,t 114) , ~A ff Ji 116 @; ¼ 

AlGaN Ji ( ~ ~jj. ~ AIGaN ,t 116) , GaN ,t 114 ~ AlGaN 

Ji ll61ti1:t..t.-ti.ffi.MJ, ,f±.£~ 110 ~~iif,f 114 zMi! 

~ ff 1±- it& ~lt Ji ' ~ J 1 I] it * t-t ill 0 

GaN Ji 114 ~ * * # Ef.; ?Xl ~ , Jl:t. >'r , GaN Ji 114 ~ 

tif J:A ft. qf & ~ 4i # , qf & ~ ~ # 1r•l :kn ft. ~ ~ m ~ ,t; ~ 
G aN ,t 1 14 Ef.; m .~ 4bJ ?fr i½ ~ , 1l 1l G aN It 1 14 ~ * n ?Xl 

Ef.J *I 4i # 0 G aN ,t 114 tif 1t ffl ¼ it a9 m .~ 4bJ 1,:i_ & ¼ fl Ef.J 

m ~i; 4h , ~ m ~.½JI ~ .ta a la i¾; (metal organic vapor 

phase epitaxy ; MOVPE)a la -& Jfx. , ¼. Ef.J m ~i; 4bJ @; ¼-=--

f £ ~ (trimethylgallium ; TMG) , ..=.. l. £ ~ 

(triethylgallium ; TEG) ~:it-~½ ii! a01t * £ ; ¼ fl Ef.J m .~i; 

4h @;¼fl. (ammonia ; NH 3 ) , f.x T Mt (tertiarybutylamine ; 

TB Am)' Jt Wt (phenyl hydrazine)~ :ft.~½ i& Ef.J 11:i * a°a O ,{±. 

- 1r•l -f- it , G aN ,t 1 14 a9 4 lt J[ ff] 1r-~ #-0 O . 5 µ m .f. ~0 

10 µ m z M O 4 Ji -1r•l -f- tf3 , GaN It 114 Ef.J 4 lt ~ ~~ 

2 µ m O MOVPE it. tt i!- ~~ii-~~.½ JI 11:i * ff,t, ;f:el it. tt i!­
(metal organic chemical vapor deposition ; MOCVD) 0 

AlGaN Ji, 116 ~ qf M:. ~ 4i# , Jl:t. >'r , AlGaN ,t 116 

~ tif J:A ~ ~ 1ft ~ 3li. Ji, ¥fr A Ef.; n ?Xl 4t $ 4bJ , AlGaN ,t 116 

.& la~ -& 4 GaN ft 114 J:. , AIGaN ft 116 tif 1t ffl ¼ ig ag 

m•~'*•~m•~~&¼fl~m•~,am~•½ 
JI ff,t, ;f:a a la i!- (MOVPE)a la -& Jfx. , ¼ ig at m ~i; 4h @; ¼-=-­

f £ ig (trimethylaluminum ; TMA) , ..=.. l. £ ig 

(triethylaluminum ; TEA)~*' 1e ½ ~ a9 1t ~ a°o ; ¼. a9 m 
0503-A360 I 2TWF /Kelly 8 
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~~4h@.%..=. 1¥ £if(TMG), ..=. li£it(TEG)~.jt.~½~a-!; 

1t * J'o ; % t. ti-] 13tr .~~ 4h @.½fl (NH3), ;J=-x T Mi: (TBAm), Jt 

mt- (phenyl hydrazine)~ .jt. ~½~a~ 1t ~ J'o O ,ff. - 111] -f- o/ , 

Al G aN fN, 116 a9 4 Ji ~ ll1 1r ~ #.~ 5 nm ~ j~ 5 On m ~ M 0 

--tf_}] -1111 -f- rp , AlGaN Ji 116 tl-J 4 Ji~ j~ 15nm 0 

GaN Ji 114 $¾ AlGaN Ji 116 ~ M a0 is ~ ,-1 .J (band 

gap discontinuity)$¾~ it~ A (piezo-electric effect)# ~ 

--tf_ GaN Jt 114 pg s_ 1- ~ 1f ~ fj f/J 1f ~ 't -f- a9 ;Jf 'f ij A 

118 , v:t ;)p. 'f ij A 118 ~it~.=- Mt. 't -f- i. (two-dimensional 

electron gas ; 2-DEG) , Jt. ,t; A ix, -f- il i! , .=-Mt.it -f- i. a-!; 

t4 A 118 {rr. ~ AlGaN A 116 ~ GaN A 114 a~~ mi J:. 0 

.f ~ ft Jt lt4 1 0 0 -tt @. ½ i~ t'.i ~ i&. l~ (SID) 4~ flt 12 0 % 

A ~ £ ~ 1 1 0 J:. , Ji Ji ~ il i! it ·ti it .ti O 5~ l~ ~ 5&. t'.i (SID) 

4~ ~i 12 0 @. ½ - ~ ~ - ~ J:.l- J:. a9 ~ it # f4 , 1111 -kc SID 4~ 

1Ji 120 ~ ½ ½ )j , Jt.1t i! § ~ tb ~ , 4g .. ~$¾½PIT iJI. A 

tl-J 4 jJI. 0 SID 4~ ~i 12 0 aJ" ff- tb 111] -kc 4h i.t i. {§ i1t., :fl i!.­

(physical vapor deposition ; PVD) ~ Jt. ~ ~ 't ti-] ft {;tij % 

~ , af ,ff. SID 4~ fJi 12 0 J:. ,1(f. /Jo ~ ill x t1. f.¥. , 1l if SID 4~ 

~i 12 0 ~ A 1 G aN A 11 6 &. A H; A ½ ½ , ff. ii:!::. 1ft SID 4~ fJi 

120 ~ il i! s_ 1- 1f 5ti a9 't ·ti it .ti O ,ff. - 1111 -f- rp , ~ ill x 1t 

ffl '~*it~ ill X (rapid thermal annealing ; RT A) ti-] "ti #ti~'-

r,j t'.i ;!;it f: 1 2 2 H5 A ~ ~Ji ff JI 1 1 6 J:.. , JE JL .tffl A ~ 5/,y, 

i~ ~ i&. t~ (SID) 4~ fJi 12 O ~ M , M t~ tj 4 1 2 2 @. ½ ~ it t-t 
t4 A , 1111 -kc ½ I A 12 4 , ½ I A 12 4 11 ~ r,j ~.i it *~ , Jt. 1t 

0503-A36012TWF/Kelly 9 
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m ~ 1~ l! lL ~ i@. 1t t:,ti • .ti O -t£. ~ ~t 1111 --r t , ½ 1 Jt 124 

& ¾ ~ ~ ½ 0 ~ * r,i ~ it ct 1 2 2 Et-J ½ I Ji 1& .i. A ~ A 1 G aN 

.,f 116 .t. -ti .ti $J , ~%A a!J jf 4t £.::::.. ifvl- ft (Schottky diode) 

M ifu.i t- A. 1. '1:. z ~ .7t 14 (depletion mode device) 0 

M ifi. :tt ct 122 ~¾-it oo f~ • 41 ~ 126 -tt i. ,{£.½I ...t 

1 2 4 M. r , -it oo f~ ~ 4t #i 12 6 & ¾ ~ 1' - 11 n ~ .ti # .f ~ 

ft/i~-ffip~##-f.ftJt,~*-½A.::::..~ft 0 -tf. 
*•~~tf'~~~-ffin~##-=¥-•tt...t~~~-ffip 

~ • # -f • ft .,f 13'- )jrj ~ n ~ .ti# III- V '°~ 1t. ½ 4bi Ji ~ p ~ 
:ti # III- V '°~ 1t. ½ 4bi .,f O ~ ~ - fr it , * 1( .o~ 1111 ~ n ~ .ti 

# III-V '°~ 1t. ½ 4bi .,f ~ p ~.ti# III-V ~~ 1t. ½ 4bi Ji 13'- Ji1J ~ 

n ~.ti# GaN .,f ( ~ n-GaN .,f )~ p ~:ti# GaN .,f ( ~ p-GaN 

...f),,(£.M~~cttEt-J.::::..~ft~*-tioo~•tt* 0 

ti:. >'r ' -it oo f~ • 41 #i 12 6 ~ J..A ~ eL ¼ Ji - n ~ :ti $ 

G~.,f,Ji-p~--G~.,f~~½f&¼ 0 ·~•-tt 
a!J n-GaN Ji ~ p-GaN Ji ~ M t- % A -it oo ( ~.::::.. if!i! ft) , -tf_ 

n-GaN Ji~ p-GaN Ji~ M a~~~.::::.. if!i! ft i1lil .i. A« 1ti $ :it 

a!J~&,~~.::::..~ft~~-tf.M~«~~~i!~M~*M 

5~-~~a!J~•tt*'~A,{f.ffiMt~tt•T.7t#~ 

~-~&,~~~~r 0 ~~~-.::::..5ft~$:i!~~­

{i,{f_-~,~~-a!J-tioo«~B~M-~~*:i!~~­
,tt,{f_-~,~~,$~,{£.-~a!J-itooC%B~•«%m 
Mf fJ, ~ re 1r1 ~ tf1 a~ 1:1- 1ur - 11 , ~ ~t. , .7t 14 tJJ :t~ it J.i t- ~ 

~ « ~ m a~ ft 11i,. ifiJ ?t ½ 0 

,{£.-T~~tf7,½1Jt~.::::..~ft~Ma!J~oo~ft~ 
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~ i! :k.. * la ~ ~ ~ .ti oo ' i! :k.. ~ ill Ji ie, II] ft ~ ~~ 8 0 0 °C fr.. 

~~ 9 0 0 °C :t.. M O .-tf_ '5 - -J- 1t 19,J tf , -½ Ji Jt ~ .=... i~ ft :t.. M rl; 

~ oo ~ :I 4t &. .ti oo (Schottky contact) ' .-tf_ il:c:.191J + tf ' Jt3 la 

r"', t~ :tft t: a0 '- ~ f_j__ ~ ~ ili :k.. ffe .w 0 

.-tf_ * 1f" 1(§. 19tl o/ , r,, *~ :ift. f: 122 .. S/D 4t 1Ji 120 J:A & --tf_ 

f.& 1£f It 114 tf ~ 2-DEG ~~#Ji¼ la pg 5~ ~ (E-mode) « J'a 

ft,~~«&~~.-tf_M~*f:iA~~~*~~~~& 

*'~~~«Aft~~~,~-~I~«Aft~-~~ 
~ ~ j¥j «+it :l% 1f5. « J'a ft (E-mode high electron mobility 

transistor ; HEMT) 0 

J2a½7aEM~*-*~~~~--~ffl~-~ 

4 ~ ft Jt tt 1 oo :t.. r,i ~.i :tft i: 122 ~ ~ a 1t 1t 19,J , .-tf_ I 2a 

E PIT~ ~ - jf 1t 19tl tf , Mt~ :tft_ '.'.I: 122 a0 .ti oo f~ ~ 4t 1Ji 126 

& ¾ p-GaN It 130 , J:A a n-GaN )t 132 "tt I .-tf_ p-GaN It 

130 i , p-GaN )t 130 J..A p ~ 4t $ 4!JJ il! .ft 4t $ '19tl ~ ~ ~ .. 

iij , if , ~ , ,;~ ~ #if i! :t... #Ji¼ 0 .-tf_ - 1f 1t {91J tf , p-GaN 

Ji 1 3 0 tif ~ w MO CV D ~ Jt- 1t. ¼ i& a~ tt 1# ,tJ la O --tf_ '5 -

J- ~t 111] o/ , p-GaN Ji 13 0 ~ 4 ll. j[ Ill ft~ ~~ 1 nm ½ t~ 

100nm :t...M O n-GaN It 132 J:A n ~4t$4bJil!.ft4t$ '11tl 

~ ~ ,;y , fl.~ #if i! :t... #Ji¼ 0 .-tf_ - jf ~t 11,J tf , n-GaN )t 132 

tif ~ w MOCVD ~ Jt- ~ ¼ i& ~ ;fl q,itf Jt3 la O --tf_ :J5 - J- 1t 1111 

tf , n -G aN It 1 3 2 ~ 4 Ji j[ II] ft ~ ~~ 1 nm ~ ~~ 1 0 0 nm :t.. 

Mo 

I 2b E JJl ~ .j!. ~ I 2a E a0 M t,,.i :tft 4 122 :t... 4 ~ ft 
Jt tl 1 oo a9 ~ ~ ~ « J'a ft :t.. ~ t E , .-tf_ I 2b E 
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tf7 , "G" , " s " t .. c&. "o" 71" Ji1J 1\ * r'l1, *~ , 5~ ;t,,}. ~ ~&. ;tu}. , --tf. ~~ 

;tu}.~~&. t~ z M ;t. l tl:: 2-DEG i! it , .::. t~ tt 138a % A~ 

p-GaN Ji 130 ~ Jl.. ~ n ~ * # 4b.7 a9 ~Jl ff Ji 116 z M ' i 
.::.1ffil.::.;t,,}.,tt 138b 1l-5A~ p-GaN It 130 ~ n-GaN It 132 

z M , .::. t~ tt 1 3 8 a ~ 1 3 8 b * it 1i:- - ~ , 't ic. 1t!=- tJJ ii it 

it ~ ;l;a a9 M at , ,f,t .::. ;tu}. tt 1 3 8 a fa 1 3 8 b Pff it 1. a~ 't ~ 11 

~ f~ z n-1r& 0 

1i:- 1ft 3 a lil Pfr ~ z .1i - "}f ~~ 1111 tJ:7 , M ;tu}. ij ~ 1 2 2 Ef.J .ti 

oo 1% ~ 4-t fJi 1 2 6 ~ 1ft 2 a ii Ef.J .ti oo f~ ~ 4-t 1Ji 1 2 6 ,tg 1~ ' 1° 

~ ~¼ffi>'ref.J p-GaN Ji' 134-t.tf.1±- n-GaN It 132 J:, JL 

ffi 11' ef.J p-GaN Ji' 134 ~ n-GaN Ji 132 % A .1i - .::. t~ tt , 
},l ~ ffi 1r ary 1% ~ ~ * 0 ~ 11' ef.J p-GaN It 134 ~ p-GaN It 

13 0 a~ iJI. A &. % A -Ji A -te1 1~ , 1111 ~ p-G aN Ji 1 3 4 J-X p ~ 

--~il!ff*•'P~*•~~~A•'~'~'•'« 

1ft 3 b Ill J~ ~ ~ 1f 1ft 3 a lil a9 r,,j t! ij ~ 1 2 2 z 4 ~ tt 
,ti :tl 1 0 0 a9 ~ 1i ~ 't la tt z ~ t fi1 , 1f !t "G" , "S" t--" 

&. "D" 11- Ji1J 1\ * M ;t,,}. , i&, ti ~ ~&. ;t,,}. , -1f. 5&, t~ ~ ~&. ;t,,}. z M ~ 

l tl:l 2-DEG ii it , .::. *'1.i ft 13 8a % A~ p-GaN Ji 13 0 ~ 

~ 1f n ~ 4t • 4b.7 ~ ~Jl ~f Ji 116 z M , 1ft .::.1ffil .::. *'1.i tt 13 8b 

1f-3 A~ p-GaN It 130 ~ n-GaN Ji 132 z M , 1ft -=-1~.::. ;tu.i 

tt 138c % A~ n-GaN Ji 132 ~ p-GaN Ji 134 z M, -=-t~ 
tt 1 3 8 a , 1 3 8 b &. 1 3 8 c * it 1i:- - ~ , 'f .it 1t tJ) l#t- it it il! 
-ffe~~et.JM~,~~~-=-attet.Ji!it~Ma-tazM 
Pfr it 1. a9 't ~ 11 ~ il! - ffi" n-1r& 0 
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~ J 4a I ?Jr iG z Ji - -j- -o(fr.1111 t , r,i ;t...i ti t: 122 a!J ~ 

do F~ • 4t 1Ji 126 ~ J 2a I a!)~ do 1% • 4i ~i 126 {El 1J;J. ' {0 

~ e1 ½ ffi 7r a!J p-GaN It 134 "ti I~ n-GaN It 132 J:. , i:i. 

ht ffi 1r f/.J n-GaN It 136 "ti I~ p-GaN It 134 J:. 0 it:t, ffi 1r 
a!J p-GaN It 134 ~o ffi 1r f/.J n-GaN It 136 IJt Ji,J ~ p-GaN It 

13 0 ~o n-GaN It 13 2 f/.J iJl ~ ht ,tj ~ -:Ji A -tel 1J;J. , 111] -ko n-G aN 

It 1 3 6 i:i. n ~ ;ft $ 4bJ :i! ,ft ;ft $ ' n ~ ;ft $ 4bJ 111] ~ A .{;,9 ~ ¥t. 0 

J 4 b I JJ\ :iG ~ 1f J 4 a I ary r,i ti tft '.'ff 1 2 2 z 4 ~ tt 
Jt :tl 100 f/.J Jilt 3i ~ ~ JTu tt z iG t I , 1:.f ~t "G" , "S" i:i. 

a "D" 17t Ji1J 1~ $.. M :fj_ , i,W, :t.?i. ~ ~&. }.i , 4 i,W, ;tj_ ~ ~&. :t.?i. z M ;t_ 

A ill 2-DEG :it~ , .::.. }.i tt 138a % ~ ~ p-GaN It 130 ~ 

~ 1f n ~ -tt *-ft 4bJ ary FJt Ff It 1 1 6 z M , J .::.. 100 .::.. :fj_ tt 1 3 8 b 

% ~ ~ p-GaN It 130 ~ n-GaN It 132 z.. raj , J .=-100.::.. :fu}. 

tt 138c ,tj ~~ n-GaN It 132 ~ p-GaN It 134 z M, J ~ 

100 .::..:to.iB 138c ,tj ~~ p-GaN )t 134 ~ n-GaN }t 136 z 
rai ' .::.. }j_ ft 1 3 8 a , 1 3 8 b , 1 3 8 c ~o 1 3 8 d $ ~ 4 - ~ • '&' 

~#~~~&-~~:i!-ffe~~~~~·~~~.::..5-tt 
~:i!-~M5«5z..Mffl~~a!J«~-~:i!-ffe~~ 0 

4 J 5 a I ?Jr iG z - -j- ,q{fr. 111] t , M }.i tft f: 12 2 ary ~ iiJ 

1%. 4t ~i 126 e1 ½ n-GaN It 132 • i'A &. p-GaN It 130 ti 

I 4 n -G aN Jt 1 3 2 J:. 0 J 5 a Ill a~ M }j_ tft '.'ff 1 2 2 ~ J 2 a 

I ~ M }j_ tf! f: 12 2 -te1 1J;J. , ta .jt. tf p-G aN It 1 3 0 ~o n -G aN 

Jt 1 3 2 a0 me. I -:Ji A )f: ~ 0 p -Ga N It 1 3 O i:i. p ~ ;ft $. 4bJ :i! 

ff#$'p~#•~~~AM'~'*'•'•~~~z 
m½ 0 4- jf ,0{fr.111J tp , p-GaN )t 130 of ff- m MOCVD ~ 
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"- ~ ½ ~ ag -it {,# HJ 1#.. 0 1±- ~ - -,r- -o(E. 1f1] 1f ' p-G aN It 1 3 0 

ag 4 & J[ It] ft~ ~ry 1 nm fr.. ~ry 100nm z ra9 ° n-GaN It 132 

~n~3•~~ff38•n~#•~~~A~,~4~~ 
.Z. ~Jl. ½ 0 ,.(£. - 1f -o(E. 1f1J 1f , n-GaN It 132 of~ re MOCVD 

~ Jt #, ½ ~ f/.J -it 1,# % J#.. , 4 jJ - jf -o(E.1f1J er , n-GaN It 132 

f/.J 4 & Je, It] ft~ ~ry 1 nm ~ ~~ 100nm z M 0 

J 5 b 11 I.Ji -fr- Jl.. ;/f J 5 a II] a0 r,i *Ii :tjt f= 1 2 2 z -f ~ tt 
Jt ;tl 1 00 f/.J ~ 3i ~ 1: la tt z -fr- ;t I , .=.. ;t!i tt 13 8 e !f3 J#.. ~ 

p-GaN It 130 If n-GaN It 132 z M , Jt J.t. 1. F~ • ~i * , 
~ 5t M t>l. i,i 't 1f- 1. 0 

4 J 6 a IIJ PIT ;r- z ~ - jf -o(E. 111] er , M t!i :ti f= 1 2 2 f/.J -ti 

mi 1% ~tuij ~i 126 ~ J 3a II] f/.J -ti mi 1% • 4-t ~i 126 ,tgi 1~ , 1a 

Jl.. ;/f ~ la] a9 i1:!iE .I.~ i( ' 4-t >i1J ft n-GaN It 132 t~ .I. 4 ~Ji Ff 

Ji 116 J:. , p-GaN Ji I 3 0 1-.t .I.,.(£. n-GaN Ji 132 J:. , '.ffi 1r 
f/.J n-GaN JI 136 ti .I. 4 p-GaN It 130 J:. 0 

J 6b I I.Ji -fr- Jl.. ;/f J 6a I a9 M *Ii :ti f= 122 z 4 ~ tt 

,it*~ 100 f/.J J1 1i ~ 't la B z -fr- ;t II] ' - 100..::. ifuj_ B 13 8e % 

1#.. ~ p-GaN It 130 ~ n-GaN JI 132 z M , ~ -100..::. *Ii tt 
138f % J#.. ~ p-GaN Ji 130 If n-GaN Ji 136 z M , ..::. t!i tt 

1 3 8 e .&. 1 3 8 f $ ~ 4 - ~ , ~ .itt:. ..::. t!i tt ag ii ~ ~ r,i t!i 1: if"l. 

zMfflJ.t.1.f/.J'tS~*l%•rt*'•5tM&~«~1., 
ftA~~-ffe~~*~#fl-)~~~& 0 

4 J 7 a II] PIT ;r- z jJ - 1F .o(E. 1f1J 1f , M iful. :ti f= 1 2 2 a0 .ti 

mi F~ • 4-t ~i 1 2 6 ~ J 4 a II] a0 -ti mi F~ • 4-t #1 1 2 6 ;f§ 1~ , 1a 

i1:!ie. .i. ~ A ~ la] 0 i 7 a II] ag M t!i :i:jt f= 1 2 2 e!, ¼ n -G aN It 
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132 -tt .i. 4 fl! ff Ji 116 J:. , p-GaN Ji 130 -tt .i. 4 n-GaN 

Ji 132 J:.., ffi ?r atJ n-GaN Ji 136 19.: .i. 4 p-GaN Ji 130 J:.., 

J:...{ ,& ffi ?r atJ p-GaN Ji 134 19.: .i. 4 ffi >1r atJ n-GaN Ji 136 J:. 0 

4i-1m n-GaN It~ p-GaN Ji a0 iJl J#x.. ,& H3 J#x.. -Ji A~ 'At 4a IE atJ 

r,1 ;t.,}. :J:j f: 122 t ;.f:EJ ft fi.i aCJ Ji ;.f:EJ 1J;J_ ' 111] ~ n-GaN Ji 136 fA 

n~--~~ttn••n~n•~~~A~~~ 0 

i 7b IE iJl iG J!- ~ i 7a IE atJ M ,t,,i. ii. f: 122 z 4 ~ ft 

,& "D" 1t Ji1J 1~ .ft M ,t,,i. , i,W, t~ ~ ~&. t~ , 4 i,W, t~ ~ ~&. ;t..i. z ra1 k. 

~ ti:: 2-DEG i!i!, -=-t~ft 138e %J#x..:tn- n-GaN Ji 132 ~ 

p-GaN Ji 130 z.M, i .=-1m-=-t~ft 138f,t3J#x..:tn- p-GaN It 

13 0 ~ ffi >1r a0 n-G aN It 13 6 .t.. M , i --=- 1i -=- t~ tt 1 3 8 g % 

J#x.. :tn- n-GaN It 136 ~ ffi >'r a0 p-GaN Ji 134 z M , .=-,t,,i. tt 
13 8e ' 13 8f ;fo 13 8g $ i! 4 - ~ ' 't ;it 14 t}] ?~ it J.i ;ft J:I:. iTTJ 

~-ffe~~atJ~~,~~~-=-~ftatJi!~~M~«~z 

M PlT ,{ 1. a0 't Z. it ~ F~ z ft 11& 0 

4~~T~~t~~#4~~~~,~~--~~ 

3i ~ ~ J's tt a0 ~ ~ ~ Jl ~ ;ft w i.t ~ n-p -=- ,t,,.I tt atJ 4t • ,I:.,{ 

,& I ~ 4 J.i iTiJ tfal ~ 0 

I 8IEBiG*•-~~-~~J:.atJ~~T~~·~ 

~ il.1c it (GaN):J:1 3i ~ 't la ft a0 4 ~ ft Jt ti 140 z t 1J iiJ iG 

~ IE , 3J.. M I 8 IE , i 2 a ~ 7 a Ii .i:...{ ,& i 2 b ~ 7 b ril , 

f- ~ tt j.t ti 140 fA ,& ~ ,tJ, J#x,. -Ji i!- .f~ ~ ~ r 0 

4 ~ ft j.t *I 140 ~ i 1 Ii a~ 4 ~ ft it *I 1 oo ;te11J;J_ , 

1° J!. eL ½ ft 't *f 1f'4 It ( ~ ~e. ~ It ) 1 4 1 % Px,. :t1-'- fl! ff It 1 1 6 
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J:. , lL ft 't # ;!'4 Ji 1 4 1 "ti .:i 4 i~ t~ ~ i&. ~}. 4-1f- fJi 1 2 0 ~ M , 

Ji:l:. 9r , ft 't # 7/'4 Ji 1 4 1 ~ H} ;a ;¼'- fJi ff Ji 1 1 6 ~ r,j if:~ :!:ft i 

1 2 2 ~ raj O ft it # ;!'4 }t 141 ~ ¼ ft 't # ;!'4 , 1-t{ ;J/j: ~ ;ft 1f ~€. 

{11] , ft it # ;!'4 1¼- ~ §I ;¼'- w fl. 1 t. ~y ( s i 1 icon oxide ; Si O 2) , 

l.1t. ~y (silicon nitride ; Si 3N4) , fl.1t. ig (aluminum oxide ; 

Al 2 O 3) , fl. 1t. i.![ (tantalum oxide ; Ta2O 5) ' fl. 1t. ~ (titanium 

oxide; TiO2), .ft..1t. if (zinc oxide; ZnO 2), fl. 1t. %-(hafnium 

oxide ; HfO 2) ~ fir 1K. ~ f.Jl ½ ftr f.Jl ;a a~~ f.Jl O 4 - 1f ~€. 111] 

tf7 , ft it ** 7/'4 Ji 141 a~ ;.J. J.i ~ Ill ft;¼'- ~~ 3 nm fr- ~~ I 00nm 

~re,, ft't#,r-4-Ji 141 orff.w1£1i7f~ta!Jt:i!.tt-f#H3.>a, 

1111 *o MOC VD , 1 t. $ fl :tel i1c- ;ffi i¼ (CV D) , 4h J!. fl :tel i1c- ~ i¼ 

(PVD) , /ffi -f Ji i1c- ~ it- (atomic layer deposition ; ALD) ~ 

~ ~ 1t. i¼ 0 ft it # ;!'4 Ji 1 4 1 ;t,l ~ ~ i! - ffe ~ f~ ~ ~ * ' 
-~M~~'t*~'~ll~i!-ffe~~·~#~~~~ 
J.i 0 

r'l1, t~ J:ft t: 122 ~ J 1 !IJ a!J M if:!i 1-i i 122 :-te11V- , 1111 "5tTJ 

M .t!i :!:i ¾ 122 ~ ¼ {1 oo f~ ~ 4t fJi 126 -tt .:i 4 ft 't ** ;!'4 Ji 

141 J:. , 1-x a½ I Ji 124 -tt I 4 -ti oo f~ ~ 4t fJi 126 J:. 0 Ji:t. 

1r , M ;f:~ :ift f: I 2 2 of ~ ~ 1-t{ ;Jt i 2 a fr- 7 a !IJ ?ff ir- ~ ~ ;ft 

-t ~t {r,J a!J .~t .ti t ~ - ;ft 0 

i 9 !IJ Jl ir- ~ ~ ft.1t. ii (GaN)~ 3i ~ it la tt ~ .f ¥t tt 
it .tt 142 ~ - -t ~t 1r•l a~ t 1J oo ir- ;t lil , i 1 o fr- 1 s lil I.!~ ir-*-* ~ ir- ~ ~ • -t ~ ~, ½ * 4 I 9 lil ~ .f • tt ~ • 
pq ~ M ~}. .~t .tt ~ 111J oo ir- ;t !IJ O ~ M i 9 !IJ ~ I l o fr- 1 5 

lil , .f • tt Jt .tt 142 a Jt. % A ~ i¼ fJ ~ ~o T 0 
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-=I=- ¥} tt it :fl 142 ~ i 1 ~ ary -=I=- ¥} ft -~t :fl I 00 1e11~ , 

1,e ¾ r,, ti Jj f: 122 ~ @; ½ 1r « ft 7/'4 ,,f ( ~ t@.. ~ ,,f ) 144 "ti .i. 

..t.f_ ½ I ,t 124 1f ;Jt. oo 1% • 4~ 1ii 126 ~ M , 1r « # 7/'4-t 144 

@;¼-fr«##'*•~•••~,-fr«##~•~~m 
SiO2 , Si3N4 , Al2O3 , Ta2Os , TiO2 , ZnO2 , HfO2 ~ m :ill£ 
~ tJI. ½ Pft tJL Ja a!J ~ tJI. 0 ,t.f_ - -r 4t 1r~ t , 1r « # t4 ,t 1 4 4 

a!J 4 J.l ie. !I] 1r ~ #.:0 3nm .i. i.:0 100nm ~ M , 1r 't # t4 ,,f 141 

of~ m 1-£-11 i& 1- a!J :l ~ ;Ji 1t? % Ja , 1111 ~ MOC VD , CVD , 

PVD , ALD ~ ~ ~ 1t. i!- 0 1r « # ;1(4 Ji 144 .t,l ,f# ~ i! - ffe 

~1%•,~~M~~-~~,~A~i!-ffe~tt•~# 

a9 tJJ t~ it J.i. 0 

ll0½15~M~*•*~~~~--~,~-..t.f_ 

-=I=- ~ tt it ti 14 2 ~ M ;to.i t1t ¾ 1 2 2 ~ ~ {i T 4t 1111 ° ..t.f_ I 1 o 
il FIT ~ ~ - -r 4t 1r1l 'f , M ;to.i J1t ,i 1 2 2 1f i 2 a il a9 r,i ;to.i :t1t 

,i 12 2 :tel 1~ , 18 ~ @; ½ 1r « # 7/'4 ,,f 1 4 4 ti i. ,t.f_ ;Ji oo f~ • 

4~ 1ii 126 1f ½ I Ji 124 ~ rai , r,i ;to.it-ft¾ 122 ary .ti oo 1% • 

4~ fJi 126 & ¼ p-GaN Ji 130 , i:;. &. n-GaN Ji 132 "ti .i. ,t.f_ 

p-GaN Ji 13 0 J:. , p-GaN ,,f 130 J:1' p ~.ti$ 4bi i!-ft ti$ , 

P~3•~~~AM'~'~'•'-~m:ill£~•½ 0
~ 

- T 4t 1r1J 'f , p-GaN ,,f 130 of~ w MOCVD ~ '-- fu ½ i& 

ary ;Ji i1iif 1f5 ;a O ,t.f_ JJ - T ~t 111] 'f , p-Ga N Ji I 3 0 ary 4 J.l je, 

!I] 1r~ #.:0 1nm .i. f.:0 100nm ~ rai O n-GaN Ji 132 i:1- n ~ 3 

$~i!ff38,n~3-~~~~~ ... ~~-~~-½o 
,t.f_ - -f 4t 1111 'f , n-GaN Ji 132 of~ m MOCVD ~ '-- fu ½ 

i& ~ ;Ji i;fif 1f5 J& 0 ,t.f_ jJ - T 4t 1111 'f , n-GaN ,,f 132 ary 4 J.i. 
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fe, fl1 *-JR-~~ 1 nm ½ ~!J 100nm :.t.. ra, 0 r'l1, i!i :if!~ 122 ~ @.. ½ 

* t tt *4 ,t 144 ti 1: ,ff. Ji oo r~ • 4t ~i 126 ..t. , iA a½ JI 
,t 124 ti I ,ff. 1r- 't # *4 ,t 144 ..t. 0 

,ff. i 1 1 I Pif iG :.t.. - -,f ~tE- 171] If , r,1 i,,~ !it ~ 12 2 ~ i 3 a 

I ~ r1111 i,,~ :i:it f: 1 2 2 ,ta 1J;J. , 1a -'- e1 ¼ ft t # *4 ,t 14 4 -t9: I. 

,ff_ Ji \ii 1% • 4t ~i 126 ~½,I Ji 124 :.t.. M 0 

,ff. i 1 2 ~ 1 5 I Pif iG :.t.. .rt ~ -,f 4fE, 171 If , M i!i. !it f: 1 2 2 

7t ½1] ~ i 4 a ½ 7 a I ~ r'!1, i!i. !it f: 1 2 2 {El 1J;J. ' 18 -'- e1 ¼ * 
't # *4 ,t 144 ti I ,ff. ;ti oo 1% 0 4t fii 126 ~½JI Ji 124 :.t.. 

M 0 -tf_~Mlf•~t~~~,ff.~a~~,~~~~@..¼ 
~ ~ M i!i ~ t , ~ 1t Jt.. 14 tJ] {ii! Lt , J:A a ff ra c.t ~ n-p 

.:::.. :f"~ ft ~ ~ $ J:-" & I ~ 4 li. iTTJ 1%] ~ {El it J.ii ~ ~ 1i ~ t a13a tt 
:.t..im~t£ O 

i16IM-iGMa~t#tt••~M~«~~I*' 
M~~t#tt••-~--~*'~A~M~t~~M 
t.i. it /M. a~ tlh rt* iG O it ~ ~ "n/p-GaN Jt tf4." a~ tlh tl ft ],ii½ 

JI.~ .f '"tt-~t~ 100,140 ~ 142 .Jt. If :.t..- ~ GaN ~ ~ ~ 

t a'Tu tt ~ - 17tl -f- :.t.. M i,,~ ilfu tit Jt , ~l A ~ "p-GaN Jt t14-" 

~6ttm••-fG~~-'~Afffi.i~Re1¼p~~-· 
)t l-A & ½ ,I ,t "ti I. ,ff. -it M i,,~ :i:ft f: If ~ G aN .~t ;t14. a~ - 171] -f 

Pif ~i a 1-f J1J ~ r,pi i,,~ ilfu tit Jt O -ko I Pif iG , "n/p-GaN it tl" 

~M~~««~*~.l.~~~,~A-i=t-Jt..#~~~~im 
i.t ½ 0 

•~,ff.*~-fGt~~~~~~a••~,,ff.~~• 
*~-fG~•#~,~~~m.rt~~•a•~~,~-ko, 
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f- ~ ft Ji" ;j-Jt. 1 0 0 ( ~ 14 0 ~· 1 4 2) WJ Jft 5i ~ ~ a8a ft of 11! - ffe 

e1 ¼ ft.1t. i8 (AIN),f -tt I 1:E ~ {jf Ji 114 t4 ~Ji ff Ji 116 ~ 

M , 1:E - 1f 4tf. 1111 it , AIN Ji ~ .ff: ,ti i6 A la A -& {f. ~ {jf Ji 

114 .l , AIN Ji of 1l ffl ¼ ig a0 %r .~ 4h t4 ¼ ft. a0 %r ~t; 4h , ff. 

w ;f;f ~ ½ j ii.. ;f:e1 A la i'i; (MOVPE)A la A -& , ¼ 1g a0 %r .~ 

4h e1¼..=. f £.i&(TMA), ..=. 0£1g(TEA)~-"-1-t½~a01t. 

~ J1o ; ¼ it. a0 %r ~ 4h e1 ½ ~ (NH3), ;J=~ T Mt (TBAm), 1ft mt 

(phenyl hydrazine)~ -"-1e ½ ~ a0 1t. ~ ~ 0 1:E - 1111 -=f it , 

AlN Ji a0 4 Ii j[ fI] 1r ~ jq 5nm fr.. jq 50nm ~ rs, 0 

iJ:l:. 7r , AIN Ji ii[ i,:i_ ~ 1-\ AlGaN Ji 11 :t¾ ~Ji ff Ji , 1± .11 

- lf 4tf. 1111 it , ~ ~ n-GaN #t p-GaN Ji a0 JZ -t iiJ" 1~ it ic. 14 

a0 #t ~% , ~ ts l-A & 1: ~ t * irrJ ?.t ~ , 1111 "5(0 , ~ ~ n -Ga N 

#t p-GaN Ji a0 4 Lt iif 1-"K{t ~ ~ ~ & ~ ~ 'fe ic.14 /1: ~ a0 ~ 

;_ ITTJ "t~ ~ 0 1± .17 - 1f 4tf, 1111 it , .f ~ tt .~t ;j-Jt. 100( ~ 140 ~ 

142) a0 r,i if'.i :ii!- f: 122 iiJ" e1 ½ ~ } a0 n-GaN fA & I~ p-GaN 

Ji ~(; .i. {f. ti 00 fr%. 4-1i- fJ'.i 126 it 0 

Jj ~ * 1~ a~ ~ ~~ ~ 1f 4tf. 111] "5(0 .l , ~ ~ JE. -11:- ffl i,:i_ Hl k. 

**~'1±-~ft~~~t~;f;f~#~•½#iif-M,1:E 
~~•**~~-#~~rIJ~,#iif~~~~~#t~ 
i~ 0 ~ vt , * 1~ a~ ~ 1* -t! ~ ff] # tt 11 Fft ~ tf1 it l- ~11 j[ ff] 

PIT ~ k. :t¾ -' 0 

[ II iZ r~ -' -t>t aJ3 l 
i 1 11 1~ I~ iG * ?t * if aJ3 ~ - 1f 4tf. 1111 , ~ ;f;f it. 1 t. ~ 

(GaN);i:ft 5i ~ 1: la tt a0 4 ¥f,- tt .~t ;J-4 ~ %1J oo iG ~ II 0 

i2afr..7ai~MiG1-t{-**~~~~1f~~'1± 

0503-A36012TWF/Kelly 19 

Page 201 of 330



201232779 

Jll~+••~-~~M~~-~~oo~il 0 

J2b~7bl~M~*~**~~~a•~~,~ 
M~*J2a~7al~M~~~~Jll~+•tt~« 
~~i[io 

J 8 I 1~d~j ~ t&. {t * 1f aA ~ :n - T -?t 171
] , ~ * fl 1t 

it ( G aN) ~ %i ~ ~ a~ ft ~ + • ft .~t it ~ t 1J oo ~ t I 0 

J 9 I 1* M ~ t&. {t * 1f aA ~ :n - T -?t 171 , ~ * fl 1t 

~ ( G aN) ~ 1i ~ ~ la ft ~ -=¥- • ft ji" il ~ t 1J do ~ t I 0 

Jl0~15l~M~t&.~**~~~aT~~'~ 
J91~-=t=-••~-~~M~~-~~uo~il 0 

J 16 I 1ht JJt ~ fl 1t ~ (GaN)Jt 1i ~ ~ a8a ft~ r,1 iol. 5~ 

~ 41 •ti it {t ~ 111 * 0 

ft; 

[ .-1. -t- iG 1i ff ~ct ~ aA ] 

100,. 140,. 142,...., 4 ~--~tit; 

110,.....,£~; 114--r&~Ji 

11 6 ,....., ~ll. ff Ji ; 1 1 8 ,...., -=- ~fl ~ -1- 1-l. ~ i Ji 

120,....., i~ ~ J4 >&. iol. 41 fJ'.i ; 122,...., M i~ :tf!. ~ ; 

124,_, ~ Al Ji ; 126,...., ~ oo 1% • 41 f1i ; 

130,. 134,_,p-GaN Ji ; 132, 136,....,n-GaN Ji ; 

138a, 138b,. 138c,. 138d" 138e" 138f, 138g,....,-=-i~ 
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0 

0 

C*~~--~-~~--~~-~•••2K•~•~•a) 
* tftt~!t = ( oa 1)/1 r~ 
* tftf8: *IPC )J"~j: 

- , 1f SA --t ~~ : C t 5C.l* 5C.) 

:tt ~ ~ 1: la ft&J=t,tJ ~ -Ji i¼ 

Enhancement-mode transistor and fabrication method 

thereof 

-=- , 'f .>C.1t" a}j ~ ~ : 

~ .t!bJ 7F ;J-:.l * 4 ¥} ft Ji t~ , ~ ¼ ft.1t ~ (GaN) ,t 'ti I 

~ £ ~ J:. , ft.1t i.g ~ (AlGaN),t ti _i_ ,{£ GaN ,t J:. , tJ- ,a F,1 

t~ Jft ~ ti _i_ ,{£ AlGaN Jt J:. 0 M ioi. :lff if: e?.. ¼ III-V ,0~ 1t ½ 

4bJ n ~ ~ $ It , III- V ,0~ 1t % 4bJ p ~ ~ $ It P4~ -ti I II-V ,0~ 

1t ½ 4bJ n ~ ~ $ }i ' i:;_ ,&.. ~ ,I It*~;¾'- III-V ~ 1t % 4bJ p 

~.ft$ It io III-V ,0~ 1t ½ 4bJ n ~ .tt $ It ~ J:. 0 

The present disclosure provides a semiconductor 

structure. The semiconductor structure includes a gallium 

nitride (GaN) layer on a substrate; an aluminum gallium 

nitride (AlGaN) layer disposed on the GaN layer; and a gate 

stack disposed on the AlGaN layer. The gate stack includes a 

III-V compound n-type doped layer; a III-V compound p-type 

doped layer adjacent the III-V compound n-type doped layer; 

0503-A360 I 2TWF/Kelly 
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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. 

fil1 .. .t~ ;t. 1~ * 111 : ( -) * ;f- ~~ ,,t ~ * I ~ : i C 1 ) Ii 0 

(..::..)*1t* i ~.7t1!J:-.f4Jt AA l- ti EA : 

100 ,_, -f ~ ft Jt ;J:-14: ; 

110,..._,£~; 

114--t.&.iir/i 

1 1 6 ,_ ~A Ff Ji 

118,....,..::..~~-f ~a~ iii 
I 2 0 ,__, i,li ;J:,,j_ ~ ~&. ;J:!i 4~ fJi ; 

122 ,__, r,, ;t!i i1t ~ 

124 ,_,~,I Ji ; 

126,__, .ti iii F~ ~ ~~ 11.t 0 

~ 
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-t ,. ' it l- :.ttl J[ lt) 

l.-~J:13i~'ter'aft' ~#: 

- i - III-V ,0~ 1t ½ 4bJ M , 1&: .i. --tf_ - £ ~ ...t ; 

- i ..::.. III-V ,0~ 1t ½ 4bJ }t , .t. .ti -tt .i. --tf_ tt i - III-V 

,0~ 1t ½ 4-bJ M ...t , JL tt i ..::.. II I -V J~ 1t ½ 4bJ M {iJ .~JI. ;& ~ tt i 
- III-V J~ 1t ½ 4bJ M ~ ~ ; .t:J. -&. 

- r,i .t,,.i J:ft. ¾ , -tt I. --tf_ tt i -=- II I -V .o~ 1 t ½ 4bJ M ...t , .;t. 

tf tt M *!i J:j ¾ e1 ¼ - :tt n ~ .ft # II I -V .o~ 1t ½ 4bJ M ~ p ~ 

-ti# III-V -0~ 1t ½ 4bJ M jJi ½ ;& - ..::.. ;f:o.i tt 0 

2 . ~ it=1 -tk l- *'1 J[ Ill i I ~ FIT 311£ ~ ~ 3i ~ 't er'a tt · .;t. 

~ £ ~ ~ ¼ - l. f ~ £ ~ ' - ~j £ ~ ~ - -ii£ 1t ,;y £ 
~a¢J.;t.t~-; 

~ i - III-V J~ 1t ½ 4bJ Ji ~¼ft 1t ii (GaN);f , .;t. tf 

~ ft 1t ~ M ~ ~ -ti # ~ ;,11=- -ti ;t -ti *-ft ; iA a 
~ i .=... III-V -0~ 1t ½ 4bJ M ~¼ft 1t ig ~ (AlGaN)}i 0 

3 . ~ f tk l- *'1 ~ Ill i 2 ~ FIT 311£ ~ :tt 3i ~ 't er'a tt · Jt 
tf ~ r,i *!i J:ft ¾ ~ ~ ¼ - ½ JI M -tt .i. m- tt :tt n ~-ti# III-V 

.o~ 1t ½ 4bJ M ~ p ~ ~ # III-V -0~ 1t ½ 4bJ Ji J:.. ; 

~ n ~ -ti # III-V -0~ 1t ½ 4bJ M ~ ¼ - n ~ -ti # fl 1t ~ 

( G aN) M ; .t:J. a 
~ p ~-ti# III-V .o~ 1t ½ 4bJ M e1 ¼ - p ~-ti$ ft 1t ~ 

(GaN))i 0 

4 . ~ f tk l- *'1 J[ Ill i 3 :i:~ FIT J! ~ :tt 3i ~ 't er'a tt , ~ 

t~M~*f=~e1¼-~-##M*m-~½iM~~i 
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;:::_ III-V :o~ 1c ½ 4h }t ~ tt :tt n ~-ii$. III-V :o~ 1c ½ 4h Ji *o 
p ~ -ii $ III-V :o~ 1c ½ 4h Jt 2:.. M 0 

5 . -kn Y¥ tt l- *tl J[ !fl i I :i:Ji f'Jt 3l& 2:.. ~ 3i ~ it la It , ~ 

~ .ft fl.1c i8 (AlN)Jt ;Ji A$- tt i - ~ U i ;:::_ III-V 4~ 1c ½ 

4hJt~M 0 

6 . :ko t -tt l- ;;f.tl ~ If! i 1 :i:Jl PIT ~ ~ ~ 5i ~ ~ la tt , .t 
~#-~~~a~~•,ttM~~¾~AtA-U~~~a 
a~•~M,~tu~a~aa~•~¼-½M,~~ 
•etA-~~,~,•~½ffl•~~•• 0 

7 . -kn Y¥ tt l- *tl ~ !fl i I ~ f1JT 3l& ~ fl 3i ~ it la It , ~ 

t -tt r,, i.i ;!;ft ¾ .t ~ ½ - i E- Ji $. III -V 4~ 1c ½ 4h Jt ~ Ji U 

ft n ~ -1i $ III-V 4~ 1c ½ 4h Jt ~ p ~ -1i $. III- V 4~ 1c ½ 4h 

Jt 0 

8 . - {t % ~ Jf 3i ~ 1: a~ ,Hi a~ -:Ji ii ' ~ # : 

% ~ - 1ft - III-V :o~ 1c ½ 4h Jt 1i:- - Is: ft. J:. ; 

% ~ - i ;:::_ III-V 4~ 1c ½ 4h }t 1i:- tt i - III-V 4~ 1c ½ 

4h Jt J:. ' ~ t tt i ;::_ III-V :o~ 1c ½ 4bJ }t ~ tt i - III-V :o~ 

1c ½ 4h Jt ~ ~ : 

%~-M;t...iitt¾, ~½: 

% ~ - ;::_ if.i tt , Jl- 1f - ft n ~ -ii ~ III-V :o~ 1c ½ 4h ,,f 

~ p ~ -1i ~ III-V :o~ 1c ½ 4bJ It ; 

*3 ~ - ½ M Jt 1l:- u :::_ ;t...i tt J:. : i-A a 
1TJ ~ - ~,W, ;t...i ~ ~& ti.i 4t ~i 4 tt ¥ ;:::_ I II- V :o~ 1c ½ 4h Ji 

J:.,AttMa*~~AU~a~aa#R~M 0 

9 . -st0 Y¥ "tk l- *'1 ~ Ifl ¥ 8 J:ji ?}T 1Jl ~ % ~ ~ 3i ~ it la ft 
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a0~*'*o/ 
% Jfx. tt i - III-V ;o~ 1t. ¼ 4bJ It a0 tt ffe ~ e1 ¼ % A - ~ 

~i # a0 fl.1t. ~ (GaN)/t ; 

HJ Jfx. tt i ..::.. III-V ;o~ 1t. ¼ 4bJ Ji a~ ti ffe a eI.. ¼ HJ Jfx. il.1t. 

jg~ (AlGaN)}i ; i:c&. 

HJ Jfx. tt .::.. *.i ft a0 tt ffe a eI.. ¼ % A - n ~ fl. 1t. ii ( G aN) 

It ' tt n ~ fl. 1t. ii ( G aN) It J.-:.( :Gy ~ ft. a0 * tf .z... - i! {t # 

# , r;_ ,&. HJ Jfx. - p ~ fl.1t. ~ (GaN),Jt , tt p j2 il.1t. ii (GaN) 

}t~-'~'~'·~-a{J~tp-Z..,-i!,ff##o 

1 0 . *o ' tt -' ;f 1J J[ lil J 8 ~ PIT i! _z_ HJ Jlx. ;!~ 3i ~ 1: la tt 
~~*'~tf%AttM~~~~ttffeaeI..¼T~-~~ 
~,~u.::..~tt~tt½IJi.z...M%~-~-~~ 0 
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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. 

§ l.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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patents and U.S. patent applications. Applicant submits herewith copies of foreign patents and non­
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In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure 
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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 

By--"'--~--------''-L----=~ 
Stephen A. Soffen 
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1825 Eye Street, NW 
Washington, DC 20006-5403 
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14/447,069 

Examiner 
JAMIE C. NIESZ 

Applicant(s) 
CAO ET AL. 

Art Unit 
2822 

AIA (First Inventor to File) 
Status 
Yes 

-- The MAILING DA TE 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 ;J. 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. 

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

2a)O This action is FINAL. 2b)~ This action is non-final. 

3)0 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)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-16 is/are pending in the application. 

5a) Of the above claim(s) 1-11 is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed. 

7)~ Claim(s) 12-16 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )~ The drawing(s) filed on 30 Julv 2014 is/are: a)~ accepted or b)O 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)O All b)O Some** c)O None of the: 

1.0 

2.0 

3.0 

Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 

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. 
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1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 1/23/2015. 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 
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DETAILED ACTION 

1. This office action is in response to the Election filed October 9, 2015. 

Page 2 

2. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

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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Claim Rejections - 35 USC § 103 

Page 3 

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-AIA 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 (11 [0026]) over the gate metal (17); 

etching the gate metal (17) and the p-type gate material (15, ,r [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, ,r [0044]). 

Page 4 

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, ,r 

[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 ,r [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 
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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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14/447,069 

Examiner 
JAMIE C. NIESZ 

Applicant(s) 
CAO ET AL. 
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2822 

AIA (First Inventor to File) 
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Yes 
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Status 
1 )~ Responsive to communication(s) filed on 30 Julv 2014. 
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__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-16 is/are pending in the application. 

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

6)0 Claim(s) __ is/are allowed. 

7)0 Claim(s) __ is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)~ 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 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)O All b)O Some** c)O None of the: 

1.0 

2.0 

3.0 

Certified copies of the priority documents have been received. 

Certified copies of the priority documents have been received in Application No. __ . 

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. 
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Application/Control Number: 14/447,069 

Art Unit: 2822 

DETAILED ACTION 

1. This office action is in response to the application filed July 30, 2014. 

Page 2 

2. The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Election/Restrictions 

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

I. Claims 1-11, drawn to a semiconductor device, classified in H01 L 29/42316. 

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

classified in H01 L 21/283. 

4. The inventions are distinct, each from the other because of the following reasons: 

Inventions II and I 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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Page 3 

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-AIA 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 

Page 4 

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 

Page 246 of 330



Application/Control Number: 14/447,069 

Art Unit: 2822 

allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. 

Page 5 

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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Art Unit: 2822 

Page 6 

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 248 of 330



Application/Control No. 

Index of Claims 14447069 

Examiner 

JAMIE C NIESZ 

✓ Rejected Cancelled N 

= Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 09/15/2015 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

U.S. Patent and Trademark Office 

Applicant(s)/Patent Under 
Reexamination 

CAO ET AL. 

Art Unit 

2822 

Non-Elected 

Interference 

□ CPA 

DATE 

□ 

A Appeal 

0 Objected 

T.D. □ R.1.47 

Part of Paper No. : 20150915 

Page 249 of 330



Used in Lieu of PTO/SB/OBA/8 
(Based on PTO 10-07 version) 

Substitute for form 1449/PTO Complete if Known 

Application Number 14/447,069-Conf. #7150 

INFORMATION DISCLOSURE Filing Date July 30, 2014 

STATEMENT BY APPLICANT First Named Inventor Jianjun Cao 
Art Unit N/A 

(Use as many sheets as necessary) 
Examiner Name Not Yet Assigned 

Sheet/ 1 I of I 1 Attorney Docket Number E0101.0032 

U.S. PATENT DOCUMENTS 

Examiner Cite 
Document Number Publication Date Name of Patentee or 

Pages, Columns, Lines, Where 

Initials* No.' Number-Kind Code
2 

( if known) MM-DD-YYYY Applicant of Cited Document 
Relevant Passages or Relevant 

Figures Appear 

AA* 2010/0258843 A 1 10-14-2010 Lidow et al. 

AB* 6,730,552 05-04-2004 Abadeer et al. 

AC* 2013/0168743 A1 07-04-2013 Dove 

AD* 7,939,880 05-10-2011 Kano et al. 

AE* 2009/0004872 A 1 01-01-2009 Okamoto 

FOREIGN PATENT DOCUMENTS 

Forekln Patent Document Publication 
Name of Patentee or 

Pages, Columns, Lines, 
Examiner Cite Date Where Relevant Passages 
Initials* No.' Counuy Code'-Number'-Kind Code5 (if known) MM-DD-YYYY Applicant of Cited Document Or Relevant Figures Appear r6 

BA JP 2011-142182 A 07-21-2011 ✓ 

*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. • CITE NO.: Those application(s) which are marl<ed with an single asterisk (*) next 
to the Cite No. are not supplied (under 37 CFR 1.98(a)(2)(iii)) because that application was filed after June 30, 2003 or is available in the IFW. 'Applicant's 
unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued 
the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must 
precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if 
possible. 6 Applicant is to place a check marl< here if English language Translation is attached. 

NON PATENT LITERATURE DOCUMENTS 

Exami~er Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 

T2 magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city 
Initials No.1 

and/or countrv where oublished. 

*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 marl< here if English language Translation is attached. 

✓ English Language Abstract Also Enclosed 

'Examiner I 
Signatur~ 

'Date 
Considered 

DSMDB-3312153 vl 

Page 250 of 330



PCT/US2014/048826 14.11.2014 

Applicant's or agent's file reference 

PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

FOR FURTHER see Form PCT/ISA/220 
E01010047PC ACTION as well as, where applicable, item 5 below. 

International application. No. International filing date (day/month/year) I (Earliest) Priority Date (day/month/year) 

PCT/US2014/048826 30 July 2014 01 August 2013 

Applicant. 

~FFICIENT POWER CONVERSION CORPORATION 

This international search report has been prepared by this International Searching Authority anti is transmitted to the applicant 
according to Article 18. A copy is being transmitted.to the lnte~ational Bureau. 

•:,This-international search report consists of a .total of _-2:::__ sheets. 

D It is also accompanied by a copy of each prior art 4ocument cited in this report. 

I. Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. □ 

C. □ 

□ 
□ 

IZJ the international application in the language in which it ~as filed. 

D a translation of the international application into -:--,--------,-c-:----:--- which is the language of 
a translation furnished for the purposes of international search (Rules I 2.3(a) and 23.1 (b)). 

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

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 
,, 

Certain claims were found unsearchable (see Box No. II). 

Unity _of invention is lacking_ (see Box No. III). 

4. ·with regard to the title, 

IZI 
·□ 

the text is approved as submitted by the applicant. . . 
the text has been established by this Authority to read as follows: 

·;s. With.regard to the abstract, 

181. the text is approved as submitted by the applicant. 

· D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the dale of mailing of this international search report, submit comments to this Authority. 

--. 

:6. With regard to the drawings, ' 

a. the figure of the drawings to be published with the
0

abstracl is Figure No . ..;:;5 ____ _ 

181 as suggested by the applicant. 

D as selected b; this Authority, because the applicant failed Lo suggest a figure. 

i 
I 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. 

Form PCT/ISA/210 (first sheet) (July 2009) 

I 
I,, 
I. 
I 

Page 251 of 330



!Y 
l 

PCT/US2014/048826 14.11.2014 

INTERNATIONAL SEARCH REPORT International application No. 

PCT/US2014/048826 

A. CLASSIFICATION OF SUBJECT MATTER 
, . IPC(8) - H01 L21/00 (2014.01) 
: ;' CPC - H01 L29/778 (2014.09) 

, ; According to. International Patent Classification (IPC) or to both national classification and IPC 

: :B.· : FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
IPC(B) • H01L21/00 (2014.01) . 
USPC • 438/180, 43/3/229, 438/299, 438/320, 438/339, 438/364, 438/578 

'h-------------------------:-----------------------1 
t
;:jf: l __ D. ocume.ntation searched other than minimum documentation to the exte~t that such documents are included in the fields searched 

;,cPC • H01L29/2003, H01L29m8, H01L29/7786, H01L29/7787 (2014.09) (keyword delimited) , r; . :.;· . . ·. . J •. _ • . • 

; [Electronic data base consulted during the intern,itional search (name _of data base and, where practicable, search terms used) 

?% · !~rbi'.,' Google Patents, ~oogle Scholar 

C. DOCUMENTS CONSIDERED TO BE REL EV ANT 

Categol)'* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

y 
US 2010/0258843 A1 (LIDOW et al.) 14 October 201,0 (14.10.2010) Entire Document 

,A 

US 6,730,552 B1 (ABADEER et al.) 04 May 2004 (04.05.2004) Entire Document 

JP 2011-142182 A (FUJII et al.) 21 July 2011 (21.07.2011) Entire Document 

12-16 

12-16 

1-16 

1-16 

1-16 

1-16 

A 

'A 

A 

US 2013/0168743 A1 (DOVE) 04 July 2013 (04.07.2013) Entire Document 

US 7,939,880 82 (KANG etal.) 10 May 2011 (10.05.2011) Entire Document 

l,JS 2009/0004872 A1 (OKAMOTO) 01 January 2009 (01.01.2009) Entire Document 

;:· 

D Further documents are listed in the continuatipn ofBox·c. ·□ 
Special categories of cited documents: .,, 

"A" document defining the general state of the an which is not considered 
10 be of particular relevance 

"E" earlier application or palenl but published on or after the international 
filing date . 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the l?ublication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, e~hibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 

Date of the actual completion of the international search 

22 October 2014 

• )'Jame and mailing address of the ISA/US 
, Mail Stop PCT, Attn: ISA/US, Commissioner for Patents 

P.O. Box 1450, Alexandria, Virginia 22313-1450 
Facsimile No. 571-273-3201 

Fonn PCT/ISN2 IO (second sheet) (July 2009) 

"T" 

"Y" 

later document published after the international filing date or priority 
date and not in conflict with the application but cited to understan<l 
the principle or theory underlying the invention 

document of J)!ll1icular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of J)l!rticular relevance; the claimed invention cannot l!e 
considered to involve an inventive step when the document 1s 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"&" docum~nt member of the same patent family 

Date of mailing of the international search report 

1 A NOV ·2014 
Authorized officer: 

Blaine R. Copenheaver 

PCT Helpdesk: 571-272-4300 
PCT OSP: 571-272•7774 

Page 252 of 330



' 

Eu,o~>Jschc; 
P.1tcntamt 

europun 
P;iitent Office 

Offlte europCen 
dts brevets Espacenet 

Bibliogrc1phJ<;: data: JP2011142182 (A) -:- 2011-07-21 

FIELD-EFFECT TRANSISTOR 

lnventor(s): FUJII YOSHIHISA; TWYNAM JOHN± (FUJII YOSHIHISA, ; 
TWYNAM JOHN) 

Applicant(s): SHARP KK ± (SHARP CORP) 

Classification: - international:H01L21/28; H01L21/338; H01L27/095; 

Page 1 of2 

H01L29/06; H01L29/41; H01L29fl78; H01L29/812 
- cooperative: 

Application J P2010000144 7 20100106 
number: 

Priority number JP20100001447 20100106 
(s): 

Abstract of JP2011142182 (A) 

PROBL~M 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-Ill nitride semiconductor 
layer structure including a heterojunction, a source electrode 5 and a drain electrode 7 
disposed at an interval on the group-Ill nitride semiconductor layer structure, a gate 
electrode 6 having a field plate 91, and an insulator layer 8 disposed to cover the drain 
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, r,"1J7Jlt~f!91L---rv'0 rv4YOOJ0)3/-rilitHM!JEJW c~ 1 20)A$) J ttJr-r:tJ: 
<., 1FJ,.,4Yll[ffitO)lijH/Jb'FR:tm<.;1J;Q7-1-fvF1'v-r1iffi/lffiljEJ$ (~l 20)B 
$ ) J t , 1 1ru !2 7 -1 - )V F 1' v - r • ffi ~ JEJ $ ®: r 0) t:{Ht ~ II :ta ~ tf ¥ ~ f* 7J' G tJ: Q 1 '\ 

')7}& (~I 20)C$) J ~c::m}F)ia'g;IJ;•ff·i:p:IJ,jgi:Qo !j#~c::, Fv4Y\litil 207t 10 

0) Hg /lllb'J, !(ff <. tJ: -:i tc ~-§- ,c:: :ta 1,,, --r tl:. 7 -1 - Jv r '1' v - rt ffi /lffil JEJ $ ( ~ 1 2 0) B $) 7! 
ii: 'lit ~.:'ii ff iJ,. r:f:l l, -\0 T 1,,, ;:. t iJ, ~ G ti, --r 1,,, Q o 

[0026] 
* tc , 7 -1 - Iv 1-: 1' v - r ffi ffi :IJ, , 1/ - A 'ii ffi I 2 0 5 t 1f - r \li ffi 1 2 0 7 0) It' -f ti, 

1J' , * td;J: , -r n G f<lu 1J 0) t ti ~L. ~lH\l'c ~ ti, --r . 7 -1 - JV r 1' v - l- 7J' -r ti, G • ti 0) - $ ~ 
tJ: L ·r 1,,, Q tJ, i!'f :IJ, fc:: ~ t.:, G -r 7 -1 - ,i., r 7° v - r 'rt ffi c~) ill/il A.. 0) • w • r:J:i ii~~ ·f Q o 

(0027] 
CO)Ct~~IJ,HFJialg~#1it~*~tJ:•W~~~Q$B~~~. -~~®GM■•• 

jJqg i: IJ -\0 T It' $ B , {j!J;Ui' tit!! ■ #: II I 2 0 8 -\0 ¥ ;iJst #: 7J' G ;lJ; G 1, 1) 7 II 1 2 0 4 7! ffi ■ 
Wl • iJ, ~ ~ Q o 20 

(0028) 

c:O)••· •~O)R/l•~gc:1J&<.tJ:1J, tif!! ■ ®•iJff:ta~am ■ ttfirO)•wO)-~ 
t_tj:-::,""[ l,* '?o 
(0029] 

*H~~~n~, fiijFJiaJgtJ;fflff•r:J:iO)M~ttJ:Q7-1-~r1'v-r•••JEJ• c~1 
2 0) B $ ) iJ, tJ: v' ;: t tJ, G , ;: ;/1, t.: ff '? , tit!! U Ml • 7J' ii§ c:. IJ -\0 ~ It' $ :n'- A.. 0) t W • $ ~ ~ 

.fO T Q i:. t iJ, ii f5 Q o L, tc iJ~ -:i --r, tit!! U jJ ,I -\0 ,, 1) 7 ,I ;lJ; ~¥~#:I\! 0) ffi U Ml.~ ~15 I.I::. -9 
0 ;: t iJ, 7! ~ --r , l- 7 Y 1/ A ~ 0) Wl • t J± ( i.t ff ) 7<r ~ L 7! f5 • ~ t ff ~ m bll L, --r t ffi ;/1, 

ic:: <. v' ffl ff 5iJJ :!lJ!: r 7 Y 1/ A ~ ~ 1i Q i:. t iJ, 7! ~ Q o 
(~000)~-tJ:-~] W 
(0030] 
(~1]$ft~O)ffil~•waO)tff9JJ.r-7 ✓ 1/A~©·d~fflTffl.ffi00~7!©00 

[~2]$ft~O)ffi2~•WDO).ff5i}J.r7Y1/A~O)-~~ffl~ffl-ffi00~1:'®Go 
(~3l*H~O)ffi3~awaO)tff9JJ•r-7 ✓ 1/A~O)••~ff-~ffl•ffioo~-r:®00 
[~4]$ft~O)ffi4~aWDO) ■ ff~-r7Y1/A~O)-~~~Tffl.ffi00~7:®Go 

(~5]*ft~O)ffi5~•WDO)mff9JJar7 ✓ 1/A~O)-~~~~ffl-ffiffi~7!®00 

(~6]*ft~O)ffi6~-S80) ■ ff-:!lf!:r5Y1/A~O)·d~~Tffl-~ffi~7!©00 
[~7]*ft~O)ffi7~aWUO)mff•ar7 ✓ 1/A~O)-~~~Tffl.ffiffi~7:®Qo 

[~sJ$ft~O)•s~•waO)iliff~•r7 ✓ 1/A~O)•~~~~ffl•ffioo~7!®00 
( ~ 9 ] * ft 13A 0) • g ~ nf!i w a 0) ffl w 9JJ • r 7 ✓ 1/ A ?' 0) ffl ~ ~ ~ T ffl • ffi ffi ~ 7! © Q O 40 

[ ~ 1 0 A] • * 0) ffl ff~* r 7 ✓ 9 A ~ ~c:: ~ 1,,, -c 0) V ~ :i. v - V s ✓ 0) r-a * /4t ffl T ~ llJ} 

~7!® IJ, J, 7 ✓ 1/A ~ i1'J$0)fflfil:O)B1ff~ffe~~-t'® Qo 
[ ■ 1 0 B ] • * 0) t ff~. l- '7 ✓ 1/ A ~ ft::~ 1,,, --r 0) V ~ :i. v - V s ::,, 0) ~a~~ 9 ~ !:!JI 

~7!® IJ, r 5 ✓ 1/A :J 11'JJ51~0)fflff%i!J!B1n:a:~~~7:®Qo 
[ ~ l l A ] * H ~ 0) m 1 ~ a W D 0) fti: ff 5(}] a l- 7 ✓ 1/ A~ [C::-:> 1,, -c 0) V ~ .1 v - V s ✓ 

O)tif:!lJ!:~ff-9:maA~-Cdfi IJ, f, ✓ 1/A ~ 11'J$0)fflfi'.LO)B:fn~ffi~~c:®Qo 
[~ l l B] *1£13J30)ffi I ~-W~O)·ff~- l- 5 ✓ 1/ A:$< (C "'.Jv'""[O) V ~ .1 v-V s ✓ 

0) t.tf :!f: ~ ~ T ;m HA~ 7! dfi IJ , r 5 ✓ 1/ A ~ i1'J Im 0) ffl: ff ¥ii /J! B 1n « ~ -g· ~ 7! ® Q o 

(~12]-*0) ■ff~ar5 ✓ 1/A~O)·d~~~ffl-ffiffi ■ 7!®00 
[ 1B l'IA ~ ~ nf!i 9 Q t.: 3b 0) W ~ ] so 
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(0031] 

J;.I, T, * R ajj C/'_) ~- til!i ID ~\U£:, • im :1£: ffl (.,\ -c ~ fljj °9 Q O Mj, • im-'?> J_~ T 0) ta Jzl$ $ '1: ~ °9 
--~,00~'1:®?-C, *R~O)ffi~~, •OO~J;J,TO)E~$'7:'~"ttC0~~~~ti,Qt 
0) '7: ii 7j; t..,, 0 

(0032] * R flJI h:: tot..,, -C, ffl W ~ * l- 7 ::,, Y 7- ~ t ,,L if- l- ffl fflU;:: fJa ;{_ t.:: ffl ff ( ffl {i1j) /;:: J:. I) 

if - }- • ffi T 0) ¥ ~ {if. II 0) .::t- -V 1) 'J" :I£: ffi!J ~ l., , 'J - A ii[ ffi t r },, -1 ✓ • ji t 0) lffl 0) • im 1£: 
ii ~ ~ ii" 0 l- 7 ::,, Y 7- ~ 1£: t..,' -3 o l3'; t.:: , * ft flJl 0) ffl W ~ * l- 7 ::,, 1/ 7- ~ Ii , ""- -r o ~ ~ ~ 
ilH'\! WJ * l- 7 ::,, Y 7- 5( T' ii!:>? -Ct J:. t..,, o 

(0033] 10 

Mj , l-~ T 1;:: i.K "t ffi 1 7Y¥ ffi 9 ~ tJ!!i ID ~ 0) • W WJ * l- 5 ::,, 1/ 7- ~ '1: fi , t..,' "f ti t , ffi 1 C0 
}-7;'./1/::Z.~tlill l,211,311,411,511,611,711,811,911 t, ffi 
2C0l--5>'Y7-~$1 2,212,312,412,5 l 2,612,712,812,912c: 
fa: , ~ !Al - 1: ® IJ , tJ,--::>, ~ im ~ :f/J; i: f.l'.i: 1ft l., -C t..,, 0 o 

(0034] 

(ffi 1 •tl!!i*l~) 
~l~, *R~O)ffil.tJ!!iID~O)-ffWJ*J--5::,,yA~O)-m/£:i.K"tffl-~00~'7:il!:>,Q 

0 

(0035] 

C: 0) 11 W WJ * !-- 5 >' Y 7- ~ ia: , ffi I 0) 1-- 5 >' y 7- ~ ff[) I I t , ffi 2 0) 1-- 7 >' y 7- ~ tlfl 1 20 
2 t ~ fi1ff ;{. 0 o J: !2 ffi 1 0) 1-- 7 >' :) ::Z. ~ $ 1 I ii , ffi 2 0) 1-- 5 >' Y 7- 1- $ 1 2 t • !Al - '7: 
® ,Q 0 

(0036] 
J: ~2 ffi 1 0) 1-- 7 >' 1/ 7- 5( (m I l Ii , ~ • •11 S i ~ :f/i l , , , •y 7 7 /I 2 , I I I Im ~ { t !lo/] ¥ 

~ {;f. n' G tJ; 0 "f- -v :z. 1v !I 3 , 1 1 Ittol ft %J ¥ ~ «.: tJ, G tJ; Q 1, 1J 7 !I 4 , 'J - 7- • ffi s , 'l 
- l--. ffi 6 • r },, -{ ✓• ffi 7 i5 J:. 'Cf ffi I 0) i~fHI ft II t l., -c 0) ~~«.:Ii 8 :1£: 1'f "9 Q O J: We/\ 
•y 7 7 JI 2 , '7 -\' % lv JI 3 i5 J:: 'CJ;,; 1) 'J' JI 4 ii, ""- -r o ~ ~ :1£: -a ts l 11 Im~ ft ¥1J ¥ 2j'!,l: ft JI 
Mm~M-l.,-Cv'Go 
(0037] 
J: 12 I I I ~ ii! ft !lo/J ¥ ~ ft f.J, 6 tJ; 9 1, ,y 7 7 JI 2 • I I I~ ~ ft :1o/J -¥ ~ ft iJ1 G ;IJ; 0 "f- -v .::/qv Ii 30 

3 i5 J:: tf I I I ~ ~ ft ¥,o -¥ ~ ft f.J, G tJ; 0 1, 1) 'J" 1§ 4 ii , ~ • tt S i ~ ~ I J: t;:: i:. 0) 1®i '7: ru): tJ-
G ti -c i.-, Q o * r.:: • 1: ta 'J - 7- • ffi s , If - 1-- • ti 6 i5 J:. a r v -1 ::,, • ffi 1 ii , 1, 1J 7 11 
4 J: ,.:: L. 0) ~11'{ '7: ~!HIii l., L rul: ~,. G ti -c t.., \ ,Q O J: ~a ffi ~ f* )iii 8 ti ' r L,, -{ ✓ • ffi 7 :1£: m '? J:. '? 
f;: , I I I "/m ~ fl:: !lo/] ¥ ~ f;,fi,: Ji • m J: f;: l!c ~ ~ ti -C t..,' 9 o 

(0038] 

J: i2 -7'' - 1-- ffl ffi 6 ri , if - 1-- ffl ffi * f;,fi,: g o t , 7 ...f - 1v r 7" v - 1-- g 1 t :1£: 1'f 1.., • r. 0) 

7 ...f - Jv ~"1' v - 1-- 9 1 ia: , ffi ~ f:;t- Jm 8 J: f;:: {ft mt "t 0 t ;J:U;:: • if - 1- • ffi * f* 9 D f.J, G r 
v -{ >' iii ffi 7 {l{JU;: D ~ l., :tfU;:: ~ IJ t±:1 l., -C t..,' G o 

(0039] 
-g t..,' ~ x 0 t , J: ia 7 -, - Iv r 7° v - 1-- 9 1 (i , ""- -r o ffl: m 1£: -a tr I I I Im ~ {t !lo/] :f- ~ #: 40 

Im • ~ 0) J: im 1 8 0) t'R ~ 1J lilJ tc. i5 t..,' -C • I I I Im ~ ft ~ :f- lJil. f;,fi,: fl M m {){!) t ti &. 11 illtl 7J' -:> J: !2 
~ ~ 1i lilJ ic. :!I! TI!r tJ; 1J lilJ tc.;}.; v' -c F v -1'::,, m ffi 7 fll1J tc. M; IE L- -c v' ~ o 

(0040] 

J: !2 ffi 2 0) 1-- 5 >' 1/ 7- :$t tlfl I 2 0) !# • 11 S i ~ :f/i 5 I tt , !# ffl tt S i ~ ffi 1 t - {* {!:: <! 
ti. , ffi 2 0) l-- 7 >' Y 7- ~ t,'{5 1 2 0) I I I "/m ~ ft ¥iJ -¥ IS f;,fi,: JI M m (j: , ffi 1 0) I-- 7 :,, 1/ 7- :$t Im 1 

1 0) I I I "Im ~ ft !lo/] ¥ ~ {* Ii§ ff/J. ~ t - {* ft ~ ti -C It' ~ o l3'; t.:. , J: ~ ffi 2 0) 1-- 5 >' 1/ 7- :$t W 1 
2C0ffi10)ffi ■ #:Jmt.l.,-CO)ffi ■ ~lm58~. ~-~/m8t-#:re~tt. ffi2C01--5>'Y 
A ~ rm 1 2 0) r v -1 ::,,-11[ ffi s 1 kt. r v -1 ::,, ffl ffi 1 t -f* ft~ ti-ct..,,~ o J: !c ffi 1 0) r- 5 
>' 1/ 7- ;i €ITT 1 1 t. ffi 2 0) !-- 5 >' ~ 7- ~ €ITT 1 2 t. fi , ~ 00 M ~ f;:: iE fflt <! ti. -C t..,' ~ o t ? t ff: 
l., < ta: , J: !c ffi 2 0) 1-- 7 ::,, Y 7- :$t $ I 2 ti , • l 0) WT ffii tc. i5 t..,' -C , ffi 1 0) r- 5 ::,, 9 7- ~ all 50 
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11i;:~l.,T, j-:'J..,,1:1/.ffi7~~wrr.::=~71'"90~ (~lft::Z"t:'~9) f;:~l.,T, ~~ 
ft- t tJ: 0 J:: "5 re: We Thi~ n T v' 0 o 
(0041] 

J: a2 ffi l <f) l- 7 Y ':J ;<. 9 l'ffl 1 I t ffi 2 <f) l- 7 Y ;J ;<. ~ $ 1 2 t ti , Ii t,' f;: fal 7J\ t, \ -€:\" ? J:: 
-5 1.:: If ffl1t ~ n --r 1,, \ 0 o J: !2 m 1 <f) 1-- 7 ::.,, ;; ;.. ~ im 1 1 <f) 7 -1 - ,t, r 7" 1,, - 1-- 9 1 t , m 2 

<f) l- 7 Y ;J ;<. ~ l'ffl I 2 <f) 7 -1 - JJ,, r 7" v - l- 9 2 t Ii , r J.., -1 :,, m; ffi 7 ~ ~ ll 't 0 J:: '? f;: 
*PX~ n tdfHl #: /i 8 J: "c' ~ m ~Ii:* m ~ ;/1, L 1,,, 0 0 
(0042] 

Ml , ~ 1 IC. :Jo I.,\ T , 5 2 Ii , ffi 2 (J) l- 7 Y ;J A ~ l'ffl 1 2 (J) 1, ,y 7 7 /i ~ ~ l., , 5 3 ti , 
ffi 2 <f) J- 7 Y 1/ A ~ fff3 I 2 <f) "f ~ ::cf. JJ; Ji ~ ff- l., , 5 4 fj: , ffi 2 <f) l- 7 ;.,, ';) 7,. 51 $ 1 2 0) l, l 0 
1) 7 Ii ~ ~ l., , 5 6 ti , ffi 2 (J) J- 5 Y ;J ;<. ':J l'ffl l 2 (J) 1l - J- 11Hi ~ ~ l., , 7 0 ti , ffi 2 0) 

J-7Y;JA~$ l 2 <f)_::.;t,{jc.-1-iJ.7,.~ff-L,, 9 4 ta:, ffi2 <f) l-5 ✓ 1/A:51J'ffl l 2 0)1/- · 

J-11[ffi 5 6 (J)I/- J- ■ ffi:;$:#:~ff-L,"'[l,,\00 

[0043] 

J:~•&1~. J:l'ffl~"f~:?f.~/i3tJ:E(J)*•~11~mPX"t:'~0-•"c'~tL~~MtJ:0 
• ;f& ·f ~ -:i T 1t Bl 1,,' o J: !c • ;f& I ta: , ;l# • 11 • & "c' ~ -:i T t J:: < , ii1ii :f1H/i •• "c' ,v., -:i T t 
J:: t,' o -1. !2. f& 1 t l., T ti , 1911 ;t ti, n ,~ ,f ~ ~ e F - 7' L, t.::. S l ( n + - S l • t'i) , 
S i , G a N , S i C , G a 2 0 3 * t.::. ta: "It 7 7 -1 7 • ~ ~ ~ fit! ffl "c' ~ 0 o 

(0044] 

f tc., J:. !2. ~ l ta:, •• 11. ~ "c' ~ -:i T 1t J:: I,,\ 0 r. <f) :r£I ti, J: ~2. ~ 1 t , 'J - ;<.. 20 

ffi5 te, •m~tc:::j}l~l,"'[1t,J::l,,'o C::<f)J::'3t;:'t0t, J:~cl-;f&I t, J-:'J..,,1::.,,.ffi5 
t 0) mi re • EE e 1:11 nil -z:; ~ --r , 1l - 1-- 11t ffi 6 t , r 1,, -1 :::,, 11t ffi 1 t 0) rd! i.:: n' n\ 0 • ff e I! fll 
-90LC:7J~"c'~0o .::C-L,T, ::C-<f)~~' ~f%HlslJi<f)~~~~fljl]'"9"0i:.C:iJ~"c'~Go 
(0045] 

* tc. , J: 3c .• ;f& 1 iJ~ ;l# flHt • .tJj "c' .:If> 0 ijj} ft , 1/ - A • ffi 5 :Jo J:: rf • .tJj l ~ ~ fill T 0 i:. t 
1t, "c' ~ G O * tr.. ' J: ~2 • l)i I 'IJ~ •• 11 • ~ "c' ~ 0 • ft ' • ~ 1 t ' ') - A ii ffi 5 t e ii m 
(tH: :It€ Mt 't 7.> c:. t t;: J:: IJ , .Y -1 ;f, ;.,, J-:' ~ 17 -1 -\7 - Jf- :,, r 7J: e <f) ~~I :ffil ~ mi ~ fl:: 't 7.> i:. t 
;/J~ "r! ~ L' • ff t»J ~ I- 7 ✓ 1/ A !it e ,~ '1/ Jr - 1/ ✓ If 't G ti-€:\" f;: ' ,f-' 1, ,{ A e ,j, ~ {I:: 't G L. 

t 'IJ~ 1: ~ 0 0 

[ 0 0 4 6 ] 30 

* t.::. , ~ • tt • lJi ta: , 1/ - A • ffi s t • m 1¥-n: * ~ v-c t J:: i, • o r. <f) c:. t re. J:: 1J , 'J -
A ■ ffi5tr'J..,1'Y ■ ffi7t<f)00~ ■ EEel:fJ~l.,~-ti. -~ltrJ..,1':1/.ffi7t0)00 
~~~raJ<f)•ff~~~f1,,-1:,,•ffi1<f)~l'ffl<f)"f~*~®3~~~7.>•ff••~*~<tJ: 
00 :t-<f)~~- 'J-A ■ ffi5:JoJ::~lf-l- ■ ffi6tFJ..,-1;.,, ■ ffi7t0)00<f) ■ ff~~fll°t 
G c:: t ;/J~ "c' ~ 0 o c:: :h & J:: iJ , ~~a JS 'IJ~ ~ t: ~ 't t, \ r' v -1 :,, 11 ti 7 0) Jf - r ft ti 6 fflU 0) 

"f~*~~3~~~0•w••e~~-t,Qct~"c'~, ffi~••e~M-t,Q.::.t~"c'~,Q 

(0047] 

J: if2 1, •y 7 7' Ji 2 ,a: , • l!i I <f) J:. Ii: ~ ~t G ~1 7.> i:. t 'IJ~ "c' ~ , J: l'ffl tc:: r ~ ;r, JJ,, /i 3 ~ 0) ~~ 

?jJ #: ~ e ~ PX "f tl:l * ,Q 1t, <f) -r: ~ ;/1, ta:' ' ml M tJ: Q M ~ "c' ffl ax ~ ;/1, L t Bl l, \ 0 J:. lfc '' '1/ 7 7' JI 40 

2 ,a: ~ • #: "f ~ ? L t a < ' -¥ • f;f,: (J) ~ f{ (J) /i "c' m PX ~ ;/1, -c t El I,,' 0 J: lf2 '' '1/ 7 7' /i 2 t 
L, T ta: , WI] ;t ,1 , {t ft ~ -¥ ~ #: "c' ~ 0 , G a N , A l N , I n N , A I x G a 1 _ x N , 
In X Ga I - X N, s i C, B N7J:c:(J)-¥~~eM!fflt:~Go 
(0048] 

* r:. , J: ae 1, 'Y 7 7' Ii 2 ta:~ 0; (J) * ~ f* (J) m ~ -1- -z:; it !ll 1,,, o t:. 0) J:: '? re: -t 7.> t , J: lie-,-
"" * ,v JI 3 :to ~ a,, 1) 7 JI 4 <f) 'R. llfa ~ J.t e ~ ; 1..., , ~ ra 11 -a: raJ J: ~ -tt ,Q r. t. n~ 1: ~ ,Q tc. ~ 
, &ff7J:A-1o/"f~3/fftt(J)r5;.,,Y;..~e•7.>t:.t~"c'~,Qo 
(0049] 
J: !21- f .:'l', Jt., Ii 3 tj:, 1, •y 7 7' ~ 2 <f) J: ( t ? t rt.. < ta:. f& I 0) J::) Ii: int G ti ,Q i:. t 

fl• "f ~ , 1.J' ".:J , 'J - A 'it ffi 5 t r' J.., ,-( Y • ffi 7 t (J) rdl <f) • i'm 'IJ~ i'm ~1 '? -Q t 0) "c' .:If> :/1, ti ~ll {iiJ 50 
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tJ: ."Q M ~ iJ, ; tJ: ? -r 1,, -r t & 1,, o * tr:. , :t- -\7 1J 7 ,a: , • -=t- 1:' dfi ? 't" t J:: 1,, o J: i2 'f- "" .:z- 1v 
II 3 ,a: , {?)J;)Ul , I I I !m ~ fl:: ~ ~ lj {;t; 1:' #OJt ~ tL T t & < , ~J;)Ui , G a N , A 1 x G a 

1 - x N , I n x G a 1 - x N ~ 1:' ~ nit ~ tL 't" t & t,' o tJ: ;/o , W!J .:t tl x tel: 0 J:: IJ * ~ < 0 
. 5 ~ T 1:' t J:: 1,) 0 * tr:. ' WIJ .:t Ii X tel: ' 0 . 0 0 1 J,~ _t O . 1 ~ T 1:' iv., ? L t J:: t,' 0 * t.:. 
, _t 12 'f- -\7 t- Jv Ji 3 0) III ~ tt , ~ ~;:: !IN ~ '<! tL tJ: t,, tJ~ , WJ .:t ti , 1 ~ 1 o /l m 1:' dfi I) , "i! G 
IC !ff * L, < ta: 2 /L m ~ 5 /l m 1:' iv., ~ 0 _t Ile 'f- -\' ;:j>, Jv JI 3 Ii ' WIJ ;t tl ' ~ t&. 0) J: (;: M O C V 
D~MBE~J::IJ~nitT."Qt:t~'f~Qo 
(0050] 

_t t2 I\ IJ 7 I! 4 I;!: , 'f- -\7 .::t, J]; JI 3 0) _t ,: Ii';!: ,1 G tL G ;: t tJ) -r: ~ , 'f- -\7 .:z- }V I! 3 t 0) ,W ffii 
,c: ""f- o Ht .g- t.r ~ nit 1:' t ~ t 0) 1:' dfi n toa fiiJ tJ: 0 M ~ tJ, ; tJ: ? -c 1,, -c t & t,, o J: t2 ,, 1J 7 10 

JI 4 ,a:' W!J .:t ,;L I I I !m ~ft~~~ f2fq'J' G tJ:? -c 1,) -c t El < ' W!J;U;L A 1 N ' A I X G 
a I - X N ' I n X G a I - X N tJ: ~ 1J' ; tJ: ? -c t J:: l,) 0 ..: ;: 1:' ' w~ .:t tl ' X ti O . 0 5 

.LX _t O . 5 .L~ T 1:' t J:: 1,) 0 * t.:. ' WJ .:t ti ' X tel: ' 0 . 1 .L~ _t O . 3 J,~ T 1:' 3!> ? L t J:: t,' 0 

I I I Im ~ ft: %J ~ ~ {;t; I.I: , ~ ~ Mi ij! 5gl ffl'. tJt ~ ( ~ fi ~ $ 1J' ~ t,' tdb , ~ ml iJ.!i 0) 1" '7 - ;J, ,{ 'Y 

'f- >1 1.f ~ r t T ~ C: t tJ, 1:' ~ G o * t.:. , f91J .:t Ii , 'f- -\' ;z,. lv JI 3 1J) G a N * t.:. Ii G a x A I 

1 _ x N 1J' '=> tJ: I) , J \ 1) 7 Ii 4 1J~ G a Y A I 1 _ Y N 1J' G tJ: G t ~ , y ti x J:: IJ * ~ < T 
'b J:: < , 0. 0 2 ~ ( y - X) ~ 0 . 3 'f iv.,?"'( 'E., J:: t,, o i.: 0) J:: ? f;;:_ '9 {) C:, L ~CJ'; 1) 7 
Ii 4 (1) l\ >1 1-t .:¥' -\7 'Y 7' ti , 'f- -\7 .:Z- Jv Ji 3 0) 1, >1 r -¥ -\' •y 7' J:: IJ t * ~ < T 0 i.: t 1J' 1:' ~ 0 
0 

( 0 0 5 1 ] 20 

* t.:. , _t i2 1, 1J 7 11 4 1.1: , :f "'' t- ,1,, JI 3 J:: IJ t * ~ t,, , , ;.,, r -¥ -v 'Y 7' t.r :fef 1., 't" v, -c t & 
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r v -1 ✓-• .ffi 7 ~ ffl -j J:: -j tc * ~ ~ tL -r 1,, 0 o 

[0074] 
J:E~ ■ -l*li208~.~ ■-l*li2080).*0)~~(~20)a~x)~lµm~J:~ 

20 

~ 0 J:: '? t;: * PX ~ tL -C t,' 0 a ~ 1,' ~ x tL ti , I I I Im ~ fl:: !Jo/1 ¥ ;;Jj -I* JI ffl ii!! 0) J: oo 0) $ ~ 1i fRl 30 
t.:: :to t,' -C , ffi 1 0) r 7 ✓- V 7- ?l $ 2 1 1 0) 7 -f - JV r 7 v - r 2 9 1 t , J: ~2 I I I fili. ~ fl:: 
%J ¥ ~ -1* JI m ~ t 0) ;Ill * 0) ll!Hl!Hi , 1 ~ 7 o Y t~ J: f;: tJ; -::i -r 1,, 0 a 

(0075] 
ffi 2 • /Jl!i * :@ 0) • ff 5(}J * r ·7 ✓- :) .i\ :$( IC J:: tL t;L 'l - r • ffi 2 0 6 t , ¥ ~ ft TJ' G ~ 0 

,, 1J 7 Ii 4 t 0) -v s ,y r * -~ ~ • 0) 1J - '7 • Tfr'1 ~, 1/- r • ffi 2 o 6 0) mI lffl 0) ffi iHt, /fij 
2 0 8 :to J:: rJ I'- 1) 7 !ffl 4 0) ffi ■ • fa ~ ~jj tt "9 0 C t TJ' T ~ 0 re. th , i\1li ~ EE -a- l::f] ho l., -C t • 
tL tc. < v' • ff 5(}J * r 7 ✓- Y A ~ ~ ff G C t iJ'i T ~ G o 

(0076] 
~- mz•/Jl!i*•~. 1/-r ■ tm206.:toJ::rJ7-f-~r7'v-r291~•thO)•~ 

1/ - r .:a: ffi "t ~ M!i * !m T ~ Q O 40 
(0077] 
•~3/-r~-°tQ*ftMO)•ff5(JJ*r'.'7YV.i\:$(T~. ,,v7~~G1/-r•ffi*~ 

tJ: 1l - r • ii i.:: ~ tn ~ n t.::. 7 -{ - Jv r 7' v - r * -r: 0) i\1li ~ ta: • r 1,, --r ✓- • ii 1f ltiJ tc. lti:l t,i, -3 
t;: f./E l,' , ~ ~ 1¥-J f;: ~ {I:: L, -C ~ ~ 1.,' 0 i: t\, (C. J:: IJ , I\ 1) J' lffi c'. ~ L, r' V -1 ✓ /Jllj 0) -'.f' - r • .ffi 
• felj ~H: m 1J' ,Q • ff 0) ffi $ ~ ~ ffl 9 Q L t iJ~ T ~ ' 1/ 3 'Y r .::\"- - ~ ft Im 0) 1) - 7 11[ Mt ~ ' 
1/ - r • ffi ml lffi 0) ffi ■ ~ :to J:; rJ I~ 1) 7 Ji ( ¥ ~ {* ) 0) $~ ~ fi :@ .:a" fl1j tt "t ~ i:. C: iJ~ T ~ ~ o 
(0078] 

(ffi 3 O)~!Ji!i*~) 
~3~. *ftMO)ffi3WIJl!i* ■ O)fflff~-r7 ✓-1/.A:5(0)ffld~ffl"ta~~ffi~T~~ 

0 
50 
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[0079] 

rlfJ • ffi 3 • 1n!i % tt\H:: :!'3 v' -C t;L ffi I • 1n!i % l~ t ll'IJ - 0) • P.JU: --:J v' -C f;L ffi 1 • 7iili % ~ t 
ll'IJ-O)•••~ettG-c~~tJ:m~e•M-t00 i~. ■ 1• ■ %~tll'IJ-O)••~J::a 
1'F m ~ ~u: '"'.) 1,,, -c t IDi a}! e ~n1; -t 0 o 

[0080] 
rlfJ , ~ 3 t: ~ v' -C , 3 I 2 ti , ffi 2 0) I- 7 ;,, 1/ 7. ~ $ e ff- l., , 3 5 8 [;j; , ffi 2 0) I- 7 ;,, 

1/ 7. ~ $ 3 I 2 0) ffi I 0) ~ ■ -f,$; /I t l., -C 0) ~ ■ {* /I 7<r :if- l., , 3 9 2 [j: , ffi 2 0) I- 7 ;,, V: 7. 
~•3120)74-~r:tv-1-eff--t. 
[0081] 

• 3 • • % t~ 0) • w: ~1 * 1- 7 ;,, -v: 7-. ~ ti • 'I - 1- • ~i 3 o 6 0) - w e tJ: -t 7 4 - Jj; r :t 10 
V - 1-- 3 9 I il• ' = m 7 4 - JI; r :t V - 1-- • ~ e :ti" L, -c !,, ' ,Q O 'l - 1-- ii ti 3 0 6 (l{lj 0) - $§! 

§ 0) 7 4 - JV r :t v - 1-- e iEI .l filH: ~ hx "t 0 ~ ■ II ( ~ 3 0) Y W) /;L ~ffl iJ, 0 . 5 ~ 3 µ, 
m, ~ 'c! TJ' I O ~ 5 0 n m r: ii'it: ;i:: 'c! :/1, -Ct,,, 0 o g: tr., 2 m § (J) 7 4 - JJ; r 7' v - I- e _t m5 
t: % • "t 0 ~ ■ ii 3 0 8 0) iii * 0) fJ Ji. ( ~ 3 0) ti!Ht X ) ti , 1 µ, m .l-j, .l r.: ~ ;i:: ~ :/1, -C v' 0 

0 

(0082] 

J:: IJ B!F l., < ti , ffi 1 0) I- 7 ::.,- -:,/ 7. ~ W 3 I 1 (J) 7 4 - JJ; r :t v - I- 3 9 I f;J; , I I I Im ~ 
~~¥9#~fflmO)..tffi318~M•fitJ:~■ T.!, 't"O).lffi318~'t"(J).lufi3180)~ 
• n rfiJ r: M rfiJ -t 0 • 1 0) mi 3 1 g e :ti" -t 0 • 1 w 7t 3 2 o t , .:t- 0) ti; • 15 fPJ r: ~ 1,,, -c , • 
I $ 7t 3 2 0 (J) .l !2 I I I fm ~ ft ~ ¥ ii {;$: Ii ffl ~ {JU1 t ta: & t.l 1Jlij t: f:i'I. ~ T 0 t t¾ t: , .l g2 .l ufi 20 

318~~•fitJ:~ ■ ~.lE.lufi318~.lEti; ■ 15fPJ~MfPJ"t0ffi2(J)ufi329e:tf""t 

0ffi2W7t3 3 0 t, ffi I W7t3 2 0 tffi2W7t3 3 0 te~~TG~~-3 3 l te:tf" 
"t 0 o 

[0083] 

.l ~2 ffi I W 7t 3 2 O (J) ..t E ti; ■ 15 fPJ t: ~ ~ tJ: 15 fPJ 0) ~ c t.J: , 0 . 5 µ, m ~ .l n' --:J 3 µ m 
J.j, ~ t.:: tJ: ? -c 1,,, 0 o mi !i! t: ~ IJ! "t 0 t , ffi 1 W ,t 3 2 o (J) JJ& :ff n fPJ 0) ~ 'c! ti , o . 5 µ, m 
.I;.( .l TJ' --:J 3 µ m .I;.( ~ t: ;i'J: -:> -C v' 0 o * tr. , .l a2 ffi I 0) mi 3 I 9 t .l a2 .l ufi 3 1 8 t 0) .l !2 
ti; ■ n rfiJ (J) ~g M iJt • 1 0 µ m .l.j, .l 7J' --:J 5 0 µ m .I;( ~ re tJ: ? -C v' 0 o 

(0084] 
_t i2 • 3 • • ~ t~ (J) ii w: ~ Jil:1: 1-- 5 ;,, ;; :;r. ~ re J:: n ti , 1, iJ 7 /I 4 t m -t 0 r v -1' ::; ii :tii 30 

1 {ll!J 0) 'I - 1- • :m 3 o 6 0) ~ ffJ w r: iJ, iJ, ~ • w: 0) m * e , J:: 1J 01 * ft,] r: ~ fll1J ·t '@ .::. t iJ, T.! 
~ 0 • t., tr. iJ' ? -c , _t ~2 -7'' - 1-- ii ffi 3 o 6 t , -¥ ~ ~ tJ, ; tJ: 0 1, 1J 7 II 4 t re ~ tr 0 v 3 

o/r-4-•~•(J)~-~••~- 'l-1--•••~0)~•~®3os~J::a¥W~®T.!O)~ 
• Ii ii e ' J:: 1) ~] * ft,] r: ~;/j 11:: "9 Q L t TJ' "'(! ~ Q O L 0) ~ :;\1:1; ' il1li if EE e ITT )JO L, -c t ii :/1, r: < 
1,,,•w:5QJ:W: 1- 5 v-v: ;z, ~ e 1t 0 c. t iJ, T.! ~ 0. 
[0085] 

rlfJ' • 3 •• ffH,.H!:' tW v' -7' - I- F p e ~ T •• ~~-("Jo GO _t ~ 0) J:: -j rz. ' • 3 •• 
% 1~ 0) m w: $QJ * 1- 5 ✓ v: :;r. ~ 1: ~ v, -c • 1l - 1- ffl ffi 3 o 6 0) - w e tJ: -t 7 1 - ,1; r :t 1.,, -

1- 3 g 1 , 3 s 2 ,a: , -= J§Jt • m e ~ -t 0 o * tr. , 'l - 1- ~ ffi oo 0) - t§i § (J) 7 4 - 11; r :t v 
- I- e iEI .l W ~i: ~ nx "t 0 ~ ~ JI ( ~ 3 0) Y $ ) ra: ffl iJ~ 0 . 5 ~ 3 µ m , iii c iJ, 1 0 ~ 5 0 

n m e :ti" L, , 2 m § (J) 7 4 - Jv r :t v - 1- e _t W r: m nx "t 0 ~ ■ JI 3 o 8 0) Rl * (J) JJ Ji. ( 
~ 3 0) ~ ,t X ) tJ I µ m .l.j, .le :ti" "t 0 o i: (J) i: t lz. J:: IJ , 1, 1) 7 JI 4 t ~ G r' J.,, -1' ::; ffl ti 
7 1l\lJ (J) 'I - 1-- ii ffi 3 0 6 (J) glfHc m n' 0 ii W: (J) ~ $ e , ~ IJ 5QJ • ir-J Ii: ~ fli!J T 0 c. t iJ~ 'T! ~ , 
'I- I-. ffi ( ~ J!ij) 3 0 6 t l\ 1) 7 II (-¥ ~ {*) 4 I:~ l:r 0 1/ 3 o/ !- 4 - ~ ~ $ 0) 1) - ? 
'iii'.ni~, 'l-r-•ffi3 o 6(J)mJm(J)~~f*fl3 o s~J::a-¥~1*11-f(J)~~Mliie, J::IJ 
5QJ:;\l:1:ft,JtC~ll::°9Q i: C:iJ">"f.!'f! 0o 
(0086] 

(ffi 4 O)·tfm~ ■ ) 

-4~. *R~(J)•4•am@O)•w~•~~~;;:;r.~O)•~e:if-~•M~@R-r::JoG 
0 

40 

50 
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[0087] 
~ , ffi 4 ~ M!i :lf.a\Hc:: :to lt' t t;L ffi 1 ~ M!i Jlj ft~ t Pal - 0) :ffhlUc:: -:J I,' t ta: , ffi 1 ~ ni§ f& fm t 

IJ'O-O)•••~~ttt,tD~iJ:•~~••-t00 i~, mi••m ■ tlJ'O-O)••~~a 
f'F FIUJJ 51Uc:: -:J 1,,, t t Im a_ij ~~Pl& 't 0 o 

[0088] 
~' ~4tc::.t.:n,--c, 406t;L ffiIO)r? ✓ 1/A5lW4 l 10)1/-rffl:ti~ff-l,, 49 

1 ii , m 1 0) 1-- 7 ✓ ':J A -!J w 4 1 1 0) 7 -1 - ,i., P 1' v - 1-- ~ ff- L , 4 1 2 ,c1: , m 2 0) 1- 7 
✓ 1/A?1W~ff-;'to *t.:, 4 5 6t;l:, ffi20)J--':7 ✓ 1/A:$?W4 I 20)1/-rffl:ffieff-;L, 
458,t, m20)1-7;..,':);1.,-!J8f14 t 20)m10)~fHif*!itt,t0)~~1*1ie~L, 48 
2 ,;i: ' m 2 0) r 7 ✓ 1/ A 7 • 4 1 2 0) J: !!!HlH!i <* II e ff- 't O * ts:. ' 4 8 3 t;t ' ffi 2 0) I- ? IO 
✓ 1/A7lm4 120)r8fl~fHif:il.:/ieff-L,49 2tcl:, m20)r':7 ✓ 1/A51lm4 1 20)7.,r 
- Iv r 1' v - r ~ ff-; 't o 

[0089] 

m 4 • • ID a 0) • w 3(1] * 1-- .:;:; ;.., 1/ A '.!Z 0) ~ * • ~ tel: , ~ 1 t ll'O ~ 'I' ir.> 0 iJ~ , 1, 1J 7 ~ 4 
J: 0) Ms i/( f:il.: JIU iJ~, = Ti ffl ~~fl° t,, t 1,, G o 't iJ: b t, , ffi 4 • nffi W D 1: t;L ffi 1 0) 1- ':7 ;.., 
1/ A :$7 !515 4 I 1 0) ffi I 0) W! ~ f:il.: Ii t l, t 0) W! ~ -f* Ii 4 0 8 t:L ~ 1Pf6 iJ~ Ii 1,, f;: ~ 7J: G = -:J 
0)/!4 so. 4 s 1 e::(eft,t1,'00 
[0090] 
= /I ~ i/( f* ffl ~ tel: ' {71J ;t ti ' s i N X ' s l O 2 ~ C. 0) )ffi 1: ~ tt t 7J: 0 0 = JI *@. ~ pt.:. 

~ ic:: ~ 1J , 1 \ 1J 7 Ti 4 t , 1: t,Hf!l ~ «. Ti 4 s o 0) r 1-n.:. fft m i• ,Q r oo ~ ~ <* lffl 4 s 1 t 0) 20 

W iffi t;: :to it ~di! 00 J'.1!! fft 0) ill; ~ t , ~ ~ f* II 4 o 8 f;: :to it G ~ ~ ~ il ii ff 0) fPJ _t t e , il'O ~ 
t;: • m 't Q L. t iJ~ PJ fi!p;: 7J: Q O C. tl tc: ~ I) ' & w 7J: A ,,( •y T ✓ ij M 11 ~ ~ '? t.:: i\ili it EE r 7 
✓ 1/A:$<~fi0C. tiJ~1:'~00 ~- i:.O)ft~"c'tt, ffi 1 O)~~f;.$:)lt;J:, ~·$0)~iJ;0~ 

~ 0) Ji~ fiiii it --C 1,, t t ~ 1,, o f§IJ ;t ti, ffi · I 0) W! ■ f:il.: Ti tel:, A 1 2 0 3 , G a 2 0 3 , H f 
Ox, SiNx, S10 2 , S!ON, TaOx, Zr0 2 iJ;l:~::(efL,, ~■ $0)~iJ;-Q 

~ Ji M ~ 1: ir.>? T t & 1,, o 

(0091] 
J:~ffi4~&B80).ff3(/J*r7 ✓ 1/A51~~tl~, &WiJ;~ ■ M11e~QC.C~1:'~ 

Q t ~ tc , r ':7 ;.., ':) A '.!Z ~ ill iiM ff iJ; t 0) tc 't 0 c. t iJ~ 1: ~ , A -1 •1 1- ;.., ij M 11 ~ & W iJ; t 
O)~'t0Ct~1:'~00 W 

0 

(0092] 
cm s O)~ ■ BD) 
~s~,*ft~O)ms•aIDaO) ■ ff3(1J*r'7 ✓ 1/A5lO)•~~ff--tM•ffioo~1:ir.>0 

[0093] 
~, m s ~•ID mu: ;ta 1,, --c ti, m 1 ~ • Jlj at Pal - 0) •mu-:-:) 1,, --c tt, m 1 ~ • w 1~ t 

IJ'O-O)• ■ •~~Mt,TD~iJ;m~~--'tQo *~' mi••m ■ tPaJ-O)Md~~a 
f'F m 3iJJ *,-:-:Ji,,, --c t m a_ij ~ ~ • -t 0 o 

[0094] 
m s ~ • m a it , M 1 s ~ ff- -t ~ • w a -r:· &i) Q C r6J , ~ s t-: ~ 1,, l , s 1 2 ta: , m 2 0) 40 

I- 7 ;.., ;,J 7.. -!J We ff-; L, T t,,, 0 o 

(0095] 
ffi5.h'!!W ■ O)•ff3(/J*r7 ✓ ':JA51~, ffilO)J--7;..,';J-:J..:$1$511~, J: ■ M ■ f:il.: 

11 5 8 I 0) ft!H: , 'f - I- ■ ffi 5 0 6 t. 1, 1) 7 11 4 t 0) FdH;: ""f 001 ~ ~ 1* II 5 8 2 ~ fiiii ;t T t,,' 

Q O ;: tl [i:. J:; I) ' I- 7 ✓ ':) A :$( :t 7 0) ~. 1: 1/ - A ffl ffi 5 ~ m tl!l l, ' r V -{ ✓ ffl ti 7 f;: ~ 
ffl 13: ~ E:1111□ L td~ tc:: , 1/ - r ffl ffi 5 0 6 t. = :tr{ 7G ffl -1'- 7j' A 2 0 t 0) Fdl 1:', /\ 1) 7 ~ 4 e ft 
l, t mt tl G 1J - 7 • mi ~ :J!IHlilJ 't G ;: t iJ~ 1: ~ Q t.:. ~ , & W t:i:: 1/ - 1- ~ ■ M 11 ~ .ft Q c. t iJ~ 
'{'~.go 

(0096] 
J: !2 r m,1 W! ~ f:il.: Ii s s 2 ic: in, "C, lf- r • ffi s o 6 t , m 1 0) 1- 5' ;.., ';) .7.. :$f im s 1 1 so 
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O)lIIftOifl:;!lo/J,¥~f,t.Jiff43JliO)..tITfftO)fl,\H.:ur/i'."t0lm7t, TiJ:t>iS, Tffi!J~Rf;t.Ji 5 8 
21.:::tsi,,--c, ij''-l-ffl:ffiS06t, ffil0)1'5:n.J7-;!l$5 l IO)IIl~~{r.%)-¥~#:Jm 
ffi ii!i 0) ..t ffi t 1'.' ~ * :11. -r i,' G ffl 9 Ii , M 2 0) ffi R {* Ji :t.r ~1 d -t 0 o * tc , J: ~2 T {lU;(g R f* 
.lm5820)~0)$9~nO)ffl~t, J: ■ ffi8~ ■ 58It~, ffilO)M ■ ~Jm~«dL--C 

v' 0 o 

[0097] 

Mj, J:S2TilWMa«.JI 5 8 2 ~i, ffiaf.t.'"f~:tHl:~f.:~.&iEc :11.iJ:l.-'o J:~2TOIUfH~f*JI 
5 8 2 fi , WIJ .:t fi , A I 2 0 3 , G a 2 0 3 , H f O x , S i N x , S i O 2 , S I O N 

, T a O x , Z r O 2 Jm 1'.' ff4 d c ti. 0 ;: t fJ~ '"f ~ 0 a * t.:. , J: !2 T OIi] ffi R «. JI 5 8 2 tl:, 
1- f :::t- Jv N§ 3 t tc ti ,~ 1) 7' ■ 4 0) IHI::. Jm ~ ffl t-, -r t J:; i,, o g; tc. , J: !2 T ffl~ ffi R t,t. Ji s s 2 

fi, .l: ■ M!!Rf*JIS 8 I t!P.l-1'.'il5?--CtJ::li•o 
[0098] 

g; tc. , l: a2 T ilUfHi #: JI 5 8 2 0) JJ1. c fi , ~ f;: l!H IE c :11. iJ: 1,' a J: !2 T ffl~ ffi R f* Ii 5 8 2 
0) Ill ~ IL -f}lJ ;t t,C o . o I µ, m ~ o . I µ, m t -t 0 ;: t iJ~ 1'.' ~ 0 o ..t i2 T fflUtg R f* Ji 5 
8 2 f;l:, 011 .:t fi , C V D ~ , 7- ; { •y :$l ~ Ii: J:: IJ 1fg d -t 0 i:. t iJ~ '"f ~ 0 a ffi 5 ~ I.R!i 1fg ■ 0) ■ 

ff~*t-5:;~7,::!Z~J::tt~, &~iJ:3/-1'ffiR~tt:t.rffiM-t0i.:t~'"f~00 
[0099] 

(M 6 ~ftt§ID ■) 

~6~, *ft~O)ffi6~h1§1fg ■ O) ■ ff~•t-5:;~7,::!ZO)«d~~-tfflM~ffi~'"fil50 

0 

[0100] 
Mj , M 6 ~ ftt§ 1fg ■ f;: :ts Ii' --C fi , M I ~ h1!i 1fg ■ t IP.I - 0) « d f;: "? Ii' --C fi , M 1 ~ M!i ff~ t~ t 

fl'lJ-O)~Jff01Hst:a-f-tL,--C~t/ffl7J:~Sfl:a-~M-900 5:t.:, Ml ~h1§1fg ■ tfl'lJ-O)«d:tsJ::rJ 

f'F flHb Ji!U.: "? v, --C t :m ~ :t.r ~ M -t 0 o Mj , ~ 6 f;: .ta Ii' -r , 6 2 o fi , =. ~ :TC m r # 7- ~ ~ 
L, , 6 8 I t;l:, M l 0) l- 7 :; V' 7- :$l $ 6 1 1 0) l: ffi~ ffi 8 f* ■ ~ ~ L , 6 1 2 Ii , ffi 2 0) 1' 
7 ✓ Y.A:$l(ITT;;/,r~-g'o 

[0101] 
ffi 6 ~ ftt§ ID t~ 0) I- '7 :; Y 7- :$l 1.L M 1 0) I- '7 -Y ~ 7- :5l ffl 6 I 1 f.J~ , J: II 'f f ;jqt, JI 6 3 

ltTJi'ff*~li632~Gff4dc:11.~'f~*~li603:t.r~t'Go 

20 

[ 0 1 0 2 ] 30 

J: ft! ..t Ai 1- f * ,v Ai 6 3 1 fa:, '" 1J 7' Ai 6 o 4 :ts J:: tf T Ii 'f ~ ;'I:. 11., 1ffi 6 3 2 0) 1i, --r n J:: 
I) t ,j, c i.,, 1,:,, ~-¥ f •y 7' ~ ::(sf L, --C Ii' 0 a * tr., 1, 1) 7' JI 6 0 4 :/'5 J:: rJ J: /1 'f i" ;z, JI., Ji 6 
3 1 0) - (ITT ;i,r .:i:. •y =f :,, lj -g 0 r. t f;: J:: 0 ') {! 7- :j:f,j ~ ;;l,r ;f:i L , If - l- ii ffi 6 0 6 ti , 1) -l! 7, 
ffl~0)1!!1'$6 9 9...tfr:T ■ ~fHi#:J\iiii6 8 2:t.rfr-L,--CR\H:J-G:!1."t'v'00 
[0103] 

...t ~ ffi 6 ~ ftt§ ~ ~ 0) ffl ~ ~. 1' '7 -Y 1/ 7- :5l f;:: J:. :11. tf, 1-J' - 1' ffl ffi 6 0 6 ia T 0) l: Jm =f i" 
::t- Jv Ii 6 3 1 /;: fi = * 7i:: • r iJ 7- 6 2 0 :t.r 1fg d '"f ~ 7J: t-' i:J' G , 'l - r • ffi 6 0 6 fc~ EE .1J:'. 

i;J11Ja L, 7J: Ii, :ijjJ iL 'J - 7- ffl ffi 5 t rt v -1 :; ffl ffi 7 0) 00 fr: ta: ti t A., <:': ffl i'm tJ' i'm :11. iJ: v' o a: tc. 
, J: 12 -7"' - 1' • ffi 6 0 6 tc 7' 7 7- 0) • EE :t.r l:fJ b□ -t 0 ;:: t f;: J:. IJ , 3/ - 1' ilt ffi 6 0 6 0) @: T 
0) J: Jm =f °" ::/', ;t, Jm 6 3 1 f;: ffl -=f Jm :t.r ID nx. -t 0 1:. t iJ' '"f ~ , 1' '.7 :; :J 7- ::!Z :t.r ;;d- :; t -t 0 i:. t 40 
tJ' -e: 't5. 0 o 1:. ti. f;: J:: iJ , ij'' - 1' ffi ~ % f:I: 0) fl ti. tr. / - -Z ') - ;;:f· 7 ~ 0) r 7 :,, Y 7- :$l 1J:'. {'F ~ 
'90;: ti:J~"l'.'~00 
[0104] 

*k, L~ffi6•-~ ■ 0)•ff~*t-5:;Y7.::!Z~J:.:11.~, *~V71'.'il5Q•rO)*ffl 
~ f.J' ...t Ii =f "'' .::t-- Jv Ji 6 3 1 f;: M r; Jb .It> G :11. 0 J:: '? 7J: , , :; }:;j;fiJ ~ t iJ: G 0) -r , • -=f t.J' T Ii -,­
-\7 ;/'- Jv Ji 6 3 2 , ; ~ 'Y 7 7' ~ 2 , ~ J:. rJ ~ ;fti 1 ;;l,r ft- L -C ~ i1J -t 0 ;: t f;:: J:: 0 1) - 'Y • i'm ~ 
{Ii~ '"f 't5. 0 o C:: 0) n\s JL 1/ - ;;z, 11: ffi 5 t 1-< v -1 :; ■ ffi 7 0) 00 :t.r I'm :11. ~ ■ I'm :t.r ...t Ii ;f- f ::/', JI,, 

/ffi631~-~l,--Ci'fitt°i.:c'.~l"~Qo 
[0105] 

Mj , ...t Ji 'r f ;'/:. Jv Ji 6 3 l 0) M tH.!: , ~ (;: !lN Ji:: ~ ~1. 7J: t, ' 7J~ , L Ji =f -\7 ;J:. JI., Jj 6 3 1 0) M 50 
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~ t l.., -r ti , {71J ;t ti , I I I Im ~ ft %J ~ 1" {;if;; -C © G , G a N , A 1 x G a 1 _ x N , I n x 

G a 1 _ x N ~ « !fl I,• 0 C:. t '1J' 7! ~ 0 o J'aj , C:. C:. 7! , /91] ;t ti , x ti , 0 J:. IJ * ~ < 0 . 5 

J:. IJ ,j, ~ < "( t J:. v' o *tr:., {71j X ti, X ti, 0 , 0 0 1 J.,:,1_ J: 0 . 1 J;{ r 7! ©? "[ '6 J:. v• o 

[0106] 

* t.:. , ..I: i2 ..I: /ffi 'r -r ;r-. Jv /ffi 6 3 l 0) 1J ~ ti %' t.:. m '.iE ~ tl /;J: r., ' '1J' , f71J ;t ti , 0 . 0 1 µ, m 

];{ J: 0 . I µ, m l-;.( r 7! © 0 o * tc. , WIJ ;t ti , o . o 1 µ. m l-;.( ..I: 0 . o 5 µ. m ];{ r 7! © 0 o 

* t.:. , ..I: i2 ..I: /ffi 'r -r -t Jv /ffi 6 3 1 0) )!jf ~ ti , r /ffi 'r -r -t Jv Jffi 6 3 2 0) If. ~ J:. IJ ,J, ~ < -C t 
J:. v' o L 0) L. t tc J:. IJ , .::\=-"' 1) 7 -c © ,Q ffl-=f «, J:. I) ~ 1,, fl!H Im tc 1¥115 ~ ~ 0 c:. t '1J' -c ~ 0 

( 0 I 0 7] 10 

...t i2 r JI 'f- "" * Jv m 6 3 2 0) M ~ ta: , %' t,= m '.iE ~ tt tJ: 1,, o ..1: !2 r Ii 'f- "" .:r, ,v Ii 6 3 2 0) 

M fl. ti , {?1j ;t ti , I I I 1m ~ ft %J ~ i# {;if;; -C © 0 , A 1 x G a 1 _ x N , I n x G a 1 - x N 
tJ: 2::: tJ• ; tJ: ? ~c t J:. t-• o J'aj , c:. c:. ~c, , -wi1 x ti, di , o . o 1 1-:1- ..1: o . s 1-:1. r -r: t J:. 1,, o 

* tc. , ,1 x ti , x ti , o . o 2 1-:1. ..1: o . 2 J..:J. r -c © ? -r t J:. 1.,, o * t.:. , f~J x ti , ..1: i2 ..1: ® 
'r -r ·* JV JI 6 3 1 1J' G a N iJ' I::> ;/J: 0 t ~ , r I! 'f- -\' .:r, JV I! 6 3 2 ti , A 1 x G a 1 _ x N 

( 0 . 0 1 ;;;; X ;;;; 0 . 2 ) 7J' I::> 7J: ? "[ I,,' "[ 't, J:. I.,• 0 :;t; t.:. , (,;I] X. ti , J: !2 J: Ji 'r -\' ;r, Jv Ji 6 

3 1 7J' , G a N >l. ti A 1 x G a 1 _ x N iJ• E, ;/J: IJ , r JI "/- -'1 .t JI; ii 6 3 2 tJ, A 1 y G a 1 

_ y N 7J: I::> 7J: 0 t ~ , y ti X J:. 1J * ~ < "[ 't, J:. r.,' o i:. 0) ~ -B- , J: t2 J: Ji 'r -\' ;z, JI,, Ji 6 3 1 

0) ,._ :1/ F .;:\! -r 'Y '1' ti, r Im "f- °" -t lv Im 6 3 2 0) ,, :1/ F .;:\! °" •y '1' J:. IJ * ~ < 7J: 0 iJ' 6 -C © 0 
o * tc O . 0 1 ;;;; ( y - x ) ;;;; 0 . 2 -C © ? "[ t J:. v' 0 20 

[0108] 

..I: !2 r Ji 'f- -\' -t Jv /ffi 6 3 2 0) If. ~ ti , %' /;: m iE ~ ~'t tJ: r.,, tJ, , f11J ;t t,C 1 ~ 1 o µ. m -c © 
IJ , ~ I::> tc fjf * l.., < ti , 2 µ, m ~ 5 µ. m -C © 0 o 

tJ: 415, 'I - i-- • ffi 6 o 6 ti, 1J -t Am :il1Hr ff -t 0 ;,; 1J 7 I! 6 o 4 0) [!!] t'.fl5 6 9 9 0) ..t t;: ~ t:r 
0i:..!:'..1t.,-C~00 J:~c.rffltl~~f;if;;/!6 8 2ti, &ffiO)it~jj"[aJ(i::4151.,•"[, /\l)"7)16 0 4 
t11-1--affieo6t0)~~•~0c:.tt-c~0. 
(0109] 

J:~ffi6~•~■ 0)aff~MJ--5:1/1/A~~J:.tl~, &fJf7J:~:1/'f-*7Mtt«t?k/ 
-vU*7~0)j--7:1/~AJ«~ffl"t0i:l:::~-C~00 

[ 0 1 1 0 ] 30 

J:~O)J:.~~- ffi6~•e•~- 'I-J--U-tAMB«ffl~~-m•-c~00 -ttJ:b~, 
_t 'ff2 1, I) 7 JI 6 0 4 * t.:. ti "f- °" _:r, IV Ni 6 0 3 tL 1J -t A m D « f'f l.., , 3/ - J-. a ffi 6 0 6 ti 
' 1) -t A. il!10) [!!] im 6 9 9 .l t;: ~ t:r G tt "[ t J:. "' 0 L. 0). nx. t.: J:. 1) ' * ~ ~jj 0) 1-- 7 ✓ 1/ A 
7- ti , .& fjf iJ: ;<. -1 "l -r :1/ ~ !I# 1i « 1i 0 c:. t tJ~ -C ~ 0 o * t.::. , 3/ - J-- ii ffi 6 O 6 t 1, 1J 7 Ji 
6 0 4 * t.:. ti r °" .t Jv /ffi 6 0 3 t 0) 00 i;: ffi 2 0) ~ ~ {;if;; Ji 6 8 8 « ~ G f;: fim x. , t.J, "? 'r -v t­
Jv J& 3 -:a: 1J -t A • D t -t 0 c:. t tz: J:. IJ , 1:l - 1-- ~ ~ %' 11=. 0) -11 tt t.::. .1 - -z 1J * 7 ~ 0) 1-- 5 ✓ 
:J A 51 t T 0 i: t tJ~ 1: ~ 0 o 

[0111] 

(ffi 1 ~•mmn 
~7~, *A~O)a1•ae■ O)fflff.MJ--5:1/:J.A510)•d-:a:ffl-t~•~w~-c©0 ffl 

o ■ 7- ■W■~, 'J-AFP«~-tG• ■W~-C©00 
(0112] 

J'aj , ■ 7 ~ & B :!l~ ,.: 415 1,, "f 1,L ffi l • & ~ ■ t 1J,J - 0) • nx. f;:: "? t,,' "f ,,L ffi 1 ~ ti!!i ~ ~ t 
~-O)~~-~«ML"f~$~~~-:a:~~"t0a :;t;~, ffil~-W~t!J,J-O)Wnx.415J:.d 
ft m WJ j1uc "? 1, , -r 1t mt AJl e -inm -t 0 o 

(0113] 

m1•■ m■ O)•w~a1--5 ✓ 1/A510)ffilO)J--5:1/:J;<.Jtm111~. ~~oms« 
~U!Ilfm~ft%J~~{*~•il!1-:a:ffiix., ::e,0)¥1"{*/i•~_l,;:, 'J-A'l:l°i7 0 50)'J­

A.ffi-;f;;~790, 3/-~-ffi706415J:.d~~-1:1/.~707~~0) ■ 7!MML"fR0 
G tl -r 1.,, 0 a 50 
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(0114] 
i:O)~ff)--7::,ty7..:5qj:, ffil0))--7::,ty7..:5tffl37 JI t, ffi20)J--:$t::,ty7..:$tms7 I 

2 t :a: fim ;lt Q O J: !2 • 1 0) r 7 ✓ 1/ A :$t 7 1 I ms 0) 'J - A • ffi 7 0 5 la: ' 1/ - A • ffi * {* 
7 g o t , 7 ,( - ,1,, F 7' v - 1-- 7 g 1 t :a: :fef" L, , 7 ,r - ,1,, r 7' v - 1-- 1 g 1 1;1: , v - 7.. m 
ti * {:;t.: 7 9 o I.: -::> tJ: iJ~ G t ::J:I; i.: , F v -1 ::,, • ffi 7 O 7 fllH.: 'O ~ L, :lfU.: ~ ~ 1:1:1 L, T v' ,Q o 
[0115] 

J: !2 ffi 2 r '? ::,, Y 7.. :$t 7 I 2 ms 0) I I I Jm ~ fl:: !Jo/1 ¥ ~ {:;t.: JiHl'i iHi , ffi I 0) r 7 ::,t Y 7.. :$t 7 
1 1 8 0) I I I /m ~ ft !Jo/1 ¥ ~ {:;t.: JI .fff ~ t - {:;t.: {I:: "c! ;/1. , ffi 2 J-, 7 ::,,, 1/ 7.. :$t 7 1 2 ms 0) r v -1 :1/ 

• ffi 5 7 fcl: , ffi 1 0) r 7 ::,t 1/ 7.. :$t 00 7 1 1 (T) F v -1 ::,t • ffi 7 t - {t f I:: ~ ti -c v' ,Q o * k , 
J: l¾2 ffi 2 0) r 5 ::,,, Y 7- :$t 8 7 1 2 0) ffi 1 0) *fHJ pt; JI t L, -C 0) M 8 f;f,: JI 7 5 8 fa: , ffi 1 0) r 10 

7 ::,t Y 7.. :$t 00 7 I 1 0) ffi l (T) M ~ ft JI t l.., T (T) *~ 8 {.;f;: JI 7 0 8 t - {.;f;: { t "c! ti T l,,' Q o J: !2 
ffi l 0) r 7 ::,, Y 7.. :$t 8 7 1 1 t ffi 2 0) r 7 ::,, 1/ 7.. :$t ms 7 1 2 t la: , ~ 7 IC $ 1.,, T , - {* {I:: 
~nk.Fv-1 ✓■ 7,570)••=•S~(~7~Z~~~) ~ML,TffiM•tJ:*~:a:L, 
l .ta ~ , = ~ 7J' ~ z IC M L l , iHii M. t tJ: Q J:; ? ,.: re. ~ ;/1. l I.,) Q O 

(0116] 

Ii. v' Ii: fAJ iJ, v' -8- -j J:: -j f;: ~ nx ~ :ht:::. ffi 1 0) r 7 ::,t Y 7.. :$t ffi~ 7 1 1 $ J:: rJ ffi 2 0) )-- 7 :;.; 1/ 
7- -!J W 7 I 2 0) 7 -1' - JI,, F 7' v - r- 7 9 1 , 7 9 2 fj: , - ft ft ~ h t:::. 1/ - J-, • :!li 7 O 6 , 

756$J::rJ-{:;t.:~~:hkrv-1:1/.ffi7.57eMMt"GJ::?~*d~hk-~~~:h 
tdf58-f:;t.:,17 O 8, 7 5 8.l::.~mffl!lllTlr'00 
( 0 1 1 7 ] 20 

J: !2 ffi 1 0) r '3 'Y 1/ 7.. -:J $ 7 1 1 (j: , ""- i" o m -B- e tf U I I I Jm ~ f I::: %; ¥ ~ {;$: JI #4 ~ t , 
.1::. !2 I I I Jm ~ ft !Jo/1 ¥ ~ ft JI .fff 3fi J::. ,.: IMH~ :a: :t.H' T ff2 I!'. ~ ;/1. t:::. 'J - 7.. • ffi :,j;:: {.;f;: 7 9 0 $ J:: rJ 
rv-1:;.;mffi1 t, v-.:::01.ffi*{.;f;:1 got Fv-1:;.; ■ .ffi1 tO)r.1n.:, 'J-7..mffi*f*1 
9 0 $ J:; rJ F [..., -1 ✓ • .ffi 7 ,.: rrJJ IW17;r $ 1,,, Tur I!'. '"g G -1/- f' • ffi 7 0 6 t ,a:~ '"g ,Q 0 

(0118] 

* tc. , J: a2 ffi 1 0) r 7 ::,, Y 7.. :$t 00 7 1 1 (j: , J: a2 I I I Im ~ {t !fo/1 :¥ ~ {.;f;: JI ,jff 3fi 0) l:. 00 0) ~ 

~ 15 fAl Ii:: $ v' T J: g2 I I I Im ~ fl::: !Jo/1 ¥ • ft JI .fff 3i!i -O(rj t la: Ei. M -O{IJ 7J' -::> J: ~2 ~ ~ 15 fAJ IZ:: :!@ it ;IJ; 1J 
fAJ ,.: .to l,,' T )-:' [..., -1 :1/. ffi 7 -OOH.: ~ :{£ T G 7 1' - JI,, r 7' v - r- 7 9 1 t , .L ~ I I I Jm ~ fl:: !Jo/] 

¥ ~ {.;f;: mi .fff ~ J: I.: , F v -1 ;,, ffl ffi 7 fo J:: rJ- -1/ - r ffl .ffi 7 o 6 :a: t~ ffl '"t G J:; -3 tc: re !El ~ h tc 
ffil0)~8{.;f;:JltLTO)M8-f:;t.:Jl708t:a:~t".Qo ~ 

(0119] 
J:~ffi20)t,7::,,,y7..-!Jffl712~, -ftIB~hk.Fv-1>' • .ffi7,570)m•=~ft 

OO~MLTffilr-7::,ty7..:$tffl712t•OOMf0i~ur ■ '"t.7@oJ:~ffilO)J--7:;.,,y7..7-fil5 

1 1 1 0) 7 ..,. - ,1,, r 7' v - 1-- 1 g 1 t , • 2 0) 1-- 5 ::,, 1/ 7.. :$t 1 1 2 im 0) 7 ,r - ,1,, r 7' v -
r 7 9 2 t Ii ' - ~ fl:: ~ :tt t:::. M • ft Ji 7 0 8 ' 7 5 8 J::. 1'.:' m ffl!ll L, l I.,' Q 0 

(0120] 

.1::.~•1••~•0)•n~•t-:1::,,y7..:$(~, mi••*•O)•ff~•t-7 ✓ 1/A-!Jt 
0) tt ~ i.: ftl 1,,, -c , 'f - 1-- 7 ,r - ,1,, F 7' v - 1-- 1 g 1 • 1 g 2 0) ~™ fiI '€m --r m ff • r:p iJ~ g i:. "'.') 

-r G * -5 o L, n' L , 1B1 1 2 i.: ~ -t w * (T) ffl ff m * 1-- 7 ✓ 1/ 7.. :$t t tt ~ -t -@ t , J: ~2 If - 1-
7 ,r - ~ r -.t v - t-191,19 z O) • fi! • ~ • --r O) • n • r:p e ■ ~ t" 0 i:. t ~~~Go ffl 
i t:::. , ~ -=f 0) Ji ~ 00 1J' 'J - 7.. ffl .ffi 7 0 5 , 7 5 5 Ii: tj: G t:::. (I:, , 11' -1 .)J~ :1/ r' , 7 -1 -\" - if: 'Y 

F * tdJ: , "' '>' 'T - Y ::,, -3/ ~ 0) 1-- 5 >' ~) 7.. :$< 0) ff ~ 0) • ~ I ffil :a: t1H.\H: @ ~ Ii: ff -j i:. t 7J' PI 
fig f;: 7J; -@ 0 

0 

(0121] 

Cffi 8 •11!!i*l~) 
~8~,:,j;::ftMO)ffi8·1J!!i~80)•ff~*l--5>'Y7..~0)-d~ffl~~-~00~1'.:'~G 

(0122] 
n'o , ffi 8 ~ • m 1!.~ f;: $ t.,' T ti , ffi I •• * ~ t [i:l] - 0) • fix'. Ii: -::> t.,' -C fj: , ffi 1 ~ 1J!!i m ll~ t 

fi:lJ - 0) ~ ~ ~ ~ :a: ft L T a¥ $ tj: ~ M e ~ • ~ G o * tc , ffi l • • m l~ t fi:lJ - 0) m d ;to .t. rJ 50 
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{'I= ffl 5(JJ !l\H;: -::> 1,,' T t a HJHt ~ mg 9 .:5 o flu , ffig 8 f;: :ta 1,,' T , 8 1 2 t;I: , ffi 2 IJ) J-, 7 ✓ 1/ 7- :$t 

$1tffil.,, 88 It;I:, ffiIIJ)J-,7 ✓ ~·7,:5tffiS8 I 21J)ffillJ)~~f:$:)IIJ)_l_$t:fHi{;!;:/11tffi 
L, , 8 8 2 t;I: , ffi I IJ) J-, 7 ✓ -:J 7- :$t W 8 1 2 IJ) ffi I IJ) ~ ~ {;$; /i lJ) r Im ~ ~ {* II 1t ~ 't o 

[0123] 
ffi 8 • Jii!i M t~ IJ) 11 W. 5(JJ • J-, 7 ✓ -:J 7- :$t t.t , ffi 1 IJ) J-, 7 ✓ -;J 7- fJ Im 8 1 1 IJ) 'I - J-, 11 ffi 8 

o e IJ) - w 1t tJ: "t 7 -{ - Jv r 7° 1,, - 1-- s g 1 tJ~ , r 1,, -1 ✓ 1t: m 1 IJ) ia -1. • e m v tJ: i.,, J: '? 
tc M 1£ ~ n -rt,, ,Q o 

(0124] 
ms••w•IJ)•n~•r7 ✓ 1/A:5l~. m1•■w ■ IJ)•w~•1--7 ✓ '1/A:$ttlt& 

t., t.:. • -ft , ffi 1 IJ) 1-- 7 ✓ 1/ A :5t w s 1 1 IJ) 'f - 1-- m ffi s o 6 IJ) 7 -{ - Jv i-: -:t 1,, - 1-- s 9 1 10 
IJ) ■ ~W~#tE°tGk~•W•$~mc?TL,*-jo 
(0125] 

L,~L,, ffig12~ffi9~-jtJ;~*IJ)•ff~-r7 ✓ 1/A:5ltltftL,k8fi, l])J-.7 ✓ 1/ 

7-:$1$8 I J IJ)'/-J-.fflffi8 o 61J) ■ ~$A.IJ)fflff.$1i'IH!J'9Gi.'.:.t'li-C:'!, Jj!ijlfflJm-C: 
IJ)-~IJ)ma1t$~'t0Ct~~@Go 
(01'26] 

a:: t.:. , 1-- 7 ✓ 1/ 7- :$t :IJ~ ffl :tfU;: ~ 1£ ~ n -r t,' 7a, 8 fi , J\ IJ) # tE (;: J:. ? -r , r v -1' ✓ m tili e 
r 7 ✓ -;J 7- :$t IJ) J:: $ :lJ, E, 5 I @ /:1:l 't c: t iJ~ -c! '! .:5 tc ~ , TJ -1' -t' - ;f- Y r -'?> :$f -1' ;f- Y r t t,, ? 

k•HINe@&~fi-jct~~~,Qo 
( 0 1 2 7 ] 20 

n'o , ffi 8 • lii!i M !t\Hl: , :9" :1 Jv ""- 7'" o ffl J.i!i t , J\ ml '! if - r 1t ffi 't • 1il!i ~ D -r:: a, 0 o 
(0128] 
-ttJ:v~, ms••w•-r::~, m11J)J-.7 ✓ 1/A:5t!ms1 JIJ)7~*~11so3~, -1. 

JI 7 '\• * JI,, JI 8 3 1 t r JI 7 ~ ;t-, JI,, JI 8 3 2 tJ, (:;, tJ: IJ , J:: JI 7 ~ * JI,, JI 8 3 1 /;I: , I\ 1) J' 
11 s o 4 :t5 J:. u r 11 7 ~ -t-- Jv Jm s 3 2 IJ) i.,, 'f n c1:. 1J t 1J, ~ 1.,, , , ✓ r .:r-: ~ •1 7° e 1'f 1.., -r t J:. 
t,, o C IJ) C: t t.: J:. IJ , ffi I IJ) r 7 ✓ 1/ 7- -$l $ 8 I I (J) 'J - A. ti 8 0 5 t , ffi I (J) J-, 7 /' 
1/ 7- :$t Im 8 I I IJ) }:' v -{ ✓ ffl ffi 8 0 7 t IJ) rd! 1t mt ;/1, 0 ffl mt e , J:: II T ~ * JI,, II 8 3 1 tc: ffi 
$ l, T vit "9 C t '/J~ ~ ~ , 1) - 7 • vif 1t {ti ~ "9 .g C t iJ~ ~ @ G o 

(0129] 

*k,ffis••~-~~--l(J)J-,7 ✓ 1/A:5l$81 llJ)'/-r.ffi806(J)-$etJ: W 
-t 7 -1 - Jv r 7° 1,, - 1-- s g 1 1;1: , r 1,, -1 ✓ m: m s o 1 IJ) iH J:: w t.: w • ~ n -r i.,, tJ: i.,, o r. IJ) 

c t t;: J:. IJ, '7 ,{ -t1 - ;f-:,, r-'?> ~- ,{ ;f- ✓ r t v'? t.:. •HI~ 1t ~IHi [;: 8 & (;: fi -:i c t '/J~ ~ 
'! ,Qo 

(0130] 
(ffi 9 IJ)-·~·) 
~9~, *ft~(J)ffi9••w•IJ)•w~•r7Y1/7-:5tl])ffl/£1tffi-t~•Moo~~~0 

[0131] 
n'o , ffi 9 • M!i M ii.H: :t5 v' T t;I: , ffi I • M!i % tm t ll'lJ - IJ) ffl /£ t;: -::> Ii' -r t.t , ffi I • 1il!i ~ l\.~ t 

ll'l]-IJ)•·•~1tMLTW~tJ:-~1t-•-t00 *k, m1••m ■ tll'l.J-IJ)ffl/£;J=5J:.'(f ~ 
fr: m $OJ• tc-::> 1,,, -r t m ~ 1t ~ mg "t ,Q o ~, ~ g re :t51,,, -r, g 1 2 ta:, a 2 (J) 1-- 5 :,, -:J 7- :$t 
im 1t ffi t., , g g 2 ta: , m 2 IJ) 1-- 7 ✓ 1/ ;z., :$t w g 1 2 IJ) 7 -{ - Jv i-: 1' 1,, - 1-- 1t ffi 1.., , 9 s 1 

t;L ffi 1 (J) 1-- '.7 Y -:J 7- :$t W 9 1 2 (J) ffi 1 (J) ifHi f* JI (J) J:: $ ~ ~ {;!;: JI 1t ~ L, , 9 8 2 t.t , ffi 
llJ)r'.7Y1/7-.:5l$9121J)ffillJ)~~f:$:~IJ)r$~~f:$:/i1tffi-to 
[0132] 

ffi 9 • 1il!i ID !~ (J) ffl ff SOJ • J-, 7 Y -:J 7-. :$t t;I: , ffi I IJ) J-, 7 ✓ -:J 7- :$t $ 9 1 1 IJ) 'f - J-, ffl @ 9 
0 6 IJ) - $ 1t tJ: 't 7 -1 - Jv r '1' J,., - J-- 9 9 1 tJ, , ffi 1 (J) 1-- 7 ✓ 1/ 7, :$t Im 9 1 1 (J) F J,., -1' ✓ 
ffl Ji 7 IJ) 00[ J: W 1t fll P tJ: 1,,, J:. -3 I~ ID!£~ ;/1, -r v' Go 
(0133] 

mg•am■ IJ) ■ n~•1--7y-;J7,:$(~. m1••~•1J)•n~•1--~ ✓ 1/A~t1tM w 
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l.., tc: • -8- , 3/ - I-- 7 -1 - Jv r '1' v - I-- 9 9 1 0) ill/il ~ $ ;IJ~ 1¥ tE t" 0 c:-. t f;:: ~ ~ t" 0 ffl W • g:i 
;IJ~ ;i!g i:. -:> --C l.., ll:: '? o 

[0134] 
l.,~l.,, ~12~fflt"J:?tJ:~*O)•w~•t-5Y1/A:-JtttftLt.:•e, 3/-t-•• 

9910)•~•~0)•w•g:iem~-t0c.:t~~~, •~•~O)•rO)a•eAM-tGc.: 
t 7J' ~ ~ 0 0 

[0135] 
:J,:tc:, 1-- 5 Y 1/ 7- 51 ;IJ,ffl:j;I( f;:: ~$; 'c! tl--C t,, Q ij»-8-, ffi l 0) 1-- 5 Y 1/ 7- :$1 $ 9 1 1 0) F v 

-{ Y • ti 7 e 1-- 7 Y 1/ 7- :-J 0) J: tfl5 iO' G 5 I ~ l:B t" i.: t iO' 7! ~ ,Q k (t) , 17 -{ -\1 - ;f> Y r -'? :$f -1' 
lf> ;; r t 1,,,, ? tc: ~~Im 1t ~ ~ i.:: fi -3 c. t iJ' ~ ~ Q O 10 
[0136] 
~' ae••~-~,~~~'l-l--ltfflt"··~-~~~o-9••m ■ O)J:?~, 'I 

- 1-- • ffi e o e 0) - im e tJ: -t 7 -1 - Jv F '1' v - i- g g 1 t;L r 1.,, -1 ✓ • • 1 0) moc J: im r.:: m 
me; L tJ: < -rt E!.1.t' o c. 0) L. t i.: J: ".> , '7 -1' -\1- ;l{::.; r ~ :$t' -1 *::.; r t t,,? tc: •~I ~ e ~ 
~ /;: t" Q ;: t iO' ~ ~ 0 0 

[0137] 
~~'~*~O)•w~•t-5Y1/X:-Jt, *~~O)•w~•t-5Y1/X:-Jt0)~~•0) 

V ~ ;:I. ~ V - V 3 ✓ t.lHI:!: lg' ffl l.,' * ~ ~ 0). w ~. 1-- 5 ✓ 1/ A :-J 0) fl {ft 11 r.:: ".:) t,, L m llA t" 
0o 
[ 0 1 3 8 ] 20 

1c -f, ~ * 0) ffl W ~. 1-- 5 ::.; :J 7- :$1 !;:: -::J t,, --C 0) V ~ .1 J.,,- V s Y ~.re-:::> t,, --C ffl. llJj t" ~ 
0 

[0139] 
~ 1 2 re ffl '"9-~ * 0) • W ~ * J-- 5 Y 1/ x 1l re-:> 1,,,, -r, 1-- 5 ::,; 1/ x :-J l7'J • 0) • w ~ .!rl 'Jt :m 

lt~~0V~.1v-V3Yltfi?ko 
[0140] 

:/ ~ .1 v- :/ s :1/ 0) ~ f!f: t l., L !a:, '" '!/ 7 7 JI 1 2 0 2 .to J: 'CJ 'T' °".:/'-JV II 1 2 0 3 7t ~ 
~ 5 µ, m 0) G a N JI, '" 1) 7 JI 1 2 0 4 e J!ff[. 'c! 0 • 0 2 5 µ, m 0) A 1 1 _ x G a x N ( x 
=0. 20)/itl..,f;:o 
[ 0 1 4 1 ] 30 
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Docket No.: E0lOl.0032 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Jianjun Cao et al. 

Application No.: 14/447,069 

Filed: July 30, 2014 

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

Confirmation No.: 7150 

Art Unit: 

Examiner: N/ A 

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.: E0lOl.0032 

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

s~ould 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 

By __ _,_ ___ 11-'1----

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 OFFICE 

APPLICATION 
NUMBER 

14/447,069 

24998 

FILING or 
37l(c)DATE 

07/30/2014 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

GRPART 
UNIT 

2811 
FIL FEE REC'D 

730 

Ul'iITF.D STATF.'l DF.PA RTMFNT OF COMMF.RCF. 
United States Patent and Trademark Office 
Addres,: COMMISSIO:-.ER FOR PATENTS 

P.O. Box 1450 
Akxandria, Yugini, 22313· 1450 
www.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

E0lOl.0032.US 16 3 
CONFIRMATION NO. 7150 

FILING RECEIPT 

111111111111111111111111]ill!l]~ltl1~w~~m1iwi1~1111111111111111111111111 

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 

lnventor(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 Cust~mer Number 
0

24998 • ( I fV 
Domestic Applications for which benefit is claimed --Nene:'"Th,~ G..pp/n c;lo.;% ~JOT~ i ~~ Tc, 
A proper domestic benefit claim must be provided in an Application Dafa 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 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. 

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: 02/04/2016 
Non-Publication Request: No 
Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

GATE WITH SELF-ALIGNED LEDG~ FOR ENHANCEMENT MODE GaN TRANSISTORS 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 US PTO 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-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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 
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Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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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 
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devices can typically withstand high voltages, e.g., 30V-to-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 0V 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 µm2 and 2,500 µm edges, while the transistor structure 300B has a gate 

surface area of 84,000 µm2 and 247,000 µm 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 transistor 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 
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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. 
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[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. 7 A 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. 7 A 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 examplies 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 comers 

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 g 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. 7 A-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. 7 A). 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 

8 
DOCSNY-571445 

Page 308 of 330



Docket No.: E0101.0032/P032 

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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What is claimed: 

1. An enhancement-mode GaN transistor, comprising: 

a GaN layer; 

Docket No.: E0101.0032/P032 

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. 
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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, 
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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 (AIGaN). 

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. 
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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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