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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.
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W Application No. Applicant(s)

L 12/152,518 POLISHCHUK ET AL.
Response to Rule 312 Communication

Examiner Art Unit

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

1. (Xl The amendment filed on 14 October 2011 under 37 CFR 1.312 has been considered, and has been:
a) X entered.

b) [0 entered as directed to matters of form not affecting the scope of the invention.

¢) ] disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.

d) [] disapproved. See explanation below.

e) [] entered in part. See explanation below.

Rl 22

updighing DRASIED

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20111024
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PART B - FEE(S) TRANSMITTAL
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P.O. Box 1450
Alexandria, Virginia 22313-1450
orFax (571)-273-2885
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in(ﬁcated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certi‘fioate cannot be used for any other accompanying

Eapers. Fach additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

60909 7590 07/1412011
CYPRESS SEMICONDUCTOR CORPORATION Certificate of Mailing or Transmission
1 hereby certify that this Fee(s) Transmittal is being deposited with the United
198 CHAMPION COURT States Postal Service with sufficient postage for first clgss mail in an envelope
SAN JOSE, CA 95134-1709 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-28835, on the date indicated below.
(Depositor's name)
(Signature)
(Date}
I APPLICATION NO. L FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO.
12/152,518 05/13/2008 Igor Polishchuk PM07027 5484
TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUEFEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 30 $0 $1510 10/14/2011
l EXAMINER I ART UNIT ' CLASS-SUBCLASS ]
NGO, NGAN V 2893 257-324000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). (1) the names of up to 3 registered patent attorneys 1
L) Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address %orm P1TO/SB/122) attached. . . 2
(2) the name of a single firm (having as a member a
[} "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

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

C?/{?!"QS:) gfe,vmkamdmoﬁvov‘ Cg\rporo\"f% San Jese, Cﬁ"

Please check the appropriate assignee category or categories (will not be printed on'the patent) : [J Individual @/Corporauon or other private group entity [ Government

da. following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issuc Fee [ A check is enclosed.
{J Publication Fee (No small entity discount permitted) [ payment by credit card. Form PTO-2038 is attached.
I Advance Order - # of Copies M/'l‘:)he Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, (o Deposit Account Number -3 2 &{ (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) w}ﬁl),a(fbe accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Pagefit and Tradehtark Office.

e
e e /
Authorized Signature __ """ R ’{%/gf e Date lfe//?/ //

T - <z .
Typed or printed name!—’f-:”"/&’L" a W%/ﬁo hh SOW‘ Registration No. 6—(9 [ 8 & eZ

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 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 v. deﬁendin 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, Alexand‘;"ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 12/152,518 Confirmation No. 5484
In re Application of Igor Polishchuk

Filed : May 13, 2008

TC/A.U. : 2893

Examiner : NGAN V. NGO

Docket No. : PM2007027

Customer No. : 60909

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

AMENDMENT UNDER 37 C.F.R. § 1.312

Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
Applicant is in receipt of a Notice of Allowance and Fee Due Form, mailed July 14, 2011,
in connection with the above-identified application. The Issue Fee is due on or before October

14,2011, Pursuant to 37 C.F.R. § 1.312, the Examiner is respectfully requested to favorably

consider and enter the following amendments to the present application.

Amendments to the Abstract begins on page 2 of this paper.

Remarks/Arguments begin on page 3 of this paper.
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Appl. No. 12/152,518
Amdt. dated October 14, 2011
Response to Notice Of Non-Compliant Amendment

Amendments to the Abstract:

Please amend the Abstract of Disclosure as follows:

An embodiment of a semiconductor device includes a non-volatile memory transistor

including an oxide-nitride-oxide (ONQ) dielectric stack on a surface of a semiconductor substrate,

the ONO dielectric stack comprising a multilayer charge storage layer including a silicon-rich,

oxvygen-lean top silicon oxynitride layer and a silicon-rich, oxygen-rich bottom silicon oxvnitride

laver, and a metal oxide semiconductor (MOS) logic transistor including a gate oxide and a high

work function gate electrode.

Page 2 of 3
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Appl. No. 12/152,518
Amdt. dated October 14, 2011
Response to Notice Of Non-Compliant Amendment

REMARKS

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R.
§§ 1.16,1.17, 1.18, 1.19, 1.20 and 1.21 that may be required to issue the present application, and
to credit any overpayments, to Deposit Account No. 50-3781.

Should the Patent Office have any questions regarding this submission or the application
in general, the Patent Office is urged to contact the Applicant’s attorney, Larry Johnson, by
telephone at (408) 545-7194. All correspondence should continue to be directed to the address

given below.

Respectfully submitted,

By: /Larry J. Johnson/
Larry J. Johnson
Attorney for Applicant

Registration No. 56,861

Page 3 of 3
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Electronic Patent Application Fee Transmittal
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Filer:
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Fee Code

Quantity

Amount

Sub-Total in
UsD(S)
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Electronic Acknowledgement Receipt
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Title of Invention: HIGH WORK FUNCTION GATE ELECTRODE

First Named Inventor/Applicant Name: Igor Polishchuk
Customer Number: 60909
Filer: Larry Joel Johnson/Lauren Navarro
Filer Authorized By: Larry Joel Johnson
Attorney Docket Number: PM07027
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Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. 12/152,518
Attorney Docket No. PM(07027
Page 1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner: NGO, NGAN V

Igor Polishchuk Group Art Unit: 2893

Application No.: 12/152,518 Confirmation No.: 5484
Filed: 05-13-2008

For: MEMORY TRANSISTOR WITH

MULTIPLE CHARGE STORING

LAYERS AND A HIGH WORK
FUNCTION GATE ELECTRODE

R N T G N W

ISSUE FEE TRANSMITTAL

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

Sir:

Applicant is in receipt of a Notice of Allowance and Fee Due Form, mailed July 14,
2011, in connection with the above-identified application. The Issue Fee is due on or before

October 14, 2011. Applicant hereby submits the Issue Fee and/or the Publication Fee.

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R.
§§ 1.16, 1.17,1.18, 1.19, 1.20 and 1.21 that may be required to issue the present application, and
to credit any overpayments, to Deposit Account No. 50-3781.

Customer No.: 60909
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Application No. 12/152,518
Attorney Docket No. PM07027
Page 2

Should the Patent Office have any questions regarding this submission or the application

in general, the Patent Office is urged to contact the Applicant’s attorney, Larry Johnson, by

telephone at (408) 545-7194. All correspondence should continue to be directed to the address

given below.

Dated:

Respectfully submitted,

By: -

// /
[

Cypress Semiconductor Corporation
198 Champion Court

San Jose, CA 95134

Facsimile: (408) 545-6911
Customer No.: 60909

Customer No.: 60909

Lay Joﬂ%;%’
Attorneyfor Applicant

Registration No. 56,861
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

60909 7590 07/14/2011 | EXAMINER |
CYPRESS SEMICONDUCTOR CORPORATION NGO, NGAN V
198 CHAMPION COURT
| ART UNIT PAPER NUMBER |

SAN JOSE, CA 95134-1709

2893

DATE MAILED: 07/14/2011

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

12/152,518 05/13/2008 Igor Polishchuk PM07027 5484

TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE

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

nonprovisional NO $1510 30 30 $1510 10/14/2011
THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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

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

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

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
ﬁapers. Each additional paper, such as an assignment or formal drawing, must
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SAN JOSE, CA 95134-1709 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
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(Signature)
(Date)
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TITLE OF INVENTION: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE
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Address form PTO/SB/122) attached. . . . 2
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PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

W

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

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

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

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

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

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

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

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

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

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

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

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

) N 12/152,518 POLISHCHUK ET AL.
Notice of Allowability Examiner Art Unit
NGAN NGO 2893

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

1. This communication is responsive to tne amendment filed 6-28-11.

2. [X] The allowed claim(s) is/are 23-31.

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

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

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [C] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ 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. [] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. [X] Examiner's Amendment/Comment

Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other .

/Ngan Ngo/
Primary Examiner, Art Unit 2893
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20110711
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Application/Control Number: 12/152,518 Page 2
Art Unit: 2893

Examiner’s Amendment

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.

In the claims:

Cancel non-elected claims 16-20.

Any inquiry concerning this communication should be directed to Examiner Ngan
Ngo at telephone number (571) 272-1711. The fax phone number for the organization
where this application or proceeding is assigned is (571)-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

/Ngan Ngo/
Primary Examiner, Art Unit 2893
Ngan Ngo

7/13/2011
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 12/152,518 Confirmation No. 5484
In re Application of Igor Polishchuk

Filed : May 13, 2008

TC/A.U. : 2893

Examiner : NGAN V. NGO

Docket No. : PM2007027

Customer No. : 60909

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

RESPONSE TO NOTICE OF NON-COMPLIANT AMENDMENT

INTRODUCTORY COMMENTS
This paper is responsive to the Notice Of Non-Compliant Amendment mailed on June 21,

2011, and in connection with an amendment submitted on 06 June 2011.

In this response the text of withdrawn claims 16-20 has been provided and identifiers of

claims 23 and 27 corrected.
Amendments to the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 5 of this paper.
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Appl. No. 12/152,518
Amdt. dated June 28, 2011
Response to Notice Of Non-Compliant Amendment

Amendments to the Claims:
1-15. (Canceled)

16. (Withdrawn) A method of forming a semiconductor device comprising steps of:

forming an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor
substrate in at least a first region in which a non-volatile memory transistor is to be formed, the
ONO diclectric stack including a multi-layer charge storage layer;

forming an oxide layer on the surface of the substrate in a second region in which a
metal oxide semiconductor (MOS) logic transistor is to be formed; and

forming a high work function gate electrode on a surface of the ONO dielectric stack.

17. (Withdrawn) A method according to claim 16, wherein step of forming a high work
function gate electrode on a surface of the ONO dielectric stack comprises the step of forming

a doped polysilicon layer on a surface of the ONO diclectric stack.

18. (Withdrawn) A method according to claim 17, wherein the step of forming a doped
polysilicon layer on a surface of the ONO dielectric stack further comprises the step of also
forming the doped polysilicon layer on a surface of the oxide layer of the MOS logic transistor

form a high work function gate electrode thereon.

19. (Withdrawn) A method according to claim 18, wherein the semiconductor substrate
comprises a silicon surface over which the ONO dielectric stack is formed, the doped
polysilicon layer comprises a P+ dopant, and wherein the method further comprises the steps of
patterning the he doped polysilicon layer, the ONO dielectric stack and the oxide layer to form
an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory transistor and a P-
type (PMOS) logic transistor.

20. (Withdrawn) A method according to claim 16, wherein the step of forming an ONO
dielectric stack including a multi-layer charge storage layer comprises the steps of forming at
least a substantially trap free bottom oxynitride layer followed by forming a charge trapping

top oxynitride layer.

Page 2 of 5
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Appl. No. 12/152,518
Amdt. dated June 28, 2011
Response to Notice Of Non-Compliant Amendment

21-22. (Canceled)

23. (Previously Presented) A semiconductor device comprising;:

a non-volatile memory transistor including an oxide-nitride-oxide (ONO) dielectric
stack on a surface of a semiconductor substrate, the ONO dielectric stack comprising a multi-
layer charge storage layer including a silicon-rich, oxygen-lean top silicon oxynitride layer and
a silicon-rich, oxygen-rich bottom silicon oxynitride layer; and

a metal oxide semiconductor (MOS) logic transistor including a gate oxide and a high

work function gate electrode.

24, (Currently Amended) A semiconductor device according to claim [[23]]28, wherein
the semiconductor substrate comprises a silicon surface over which the ONO dielectric stack is
formed, and wherein both the high work function gate electrode of the memory transistor and
the high work function gate electrode of the logic transistor comprise a N+ doped polysilicon
layer to form an P-type (PMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory
transistor and a N-type (NMOS) logic transistor.

25. (Currently Amended) A semiconductor device according to claim [[23]]28, wherein
the semiconductor substrate comprises a silicon surface over which the ONO dielectric stack is
formed, and wherein both the high work function gate electrode of the memory transistor and
the high work function gate electrode of the logic transistor comprise a P+ doped polysilicon
layer to form an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory
transistor and a P-type (NMOS) logic transistor.

26. (Currently Amended) A semiconductor device according to claim [[23]]28,
wherein both the high work function gate electrode of the memory transistor and the high work

function gate electrode of the logic transistor are formed from a single, patterned doped

polysilicon layer.

Page 3 of 5
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Appl. No. 12/152,518
Amdt. dated June 28, 2011
Response to Notice Of Non-Compliant Amendment

27. (Previously Presented) A semiconductor device according to claim 23, wherein the
top silicon oxynitride layer is a trap-rich silicon oxynitride layer and the bottom silicon

oxynitride layer is a substantially trap free silicon oxynitride layer.

28. (New) A semiconductor device according to claim 23, wherein the non-volatile
memory transistor comprises a high work function gate electrode formed over a surface of the

ONO dielectric stack.

29. (New) A semiconductor device according to claim 28, wherein the top silicon
oxynitride layer is a trap-rich silicon oxynitride layer and the bottom silicon oxynitride layer is

a substantially trap free silicon oxynitride layer.

30. (New) A semiconductor device according to claim 23, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and
wherein the high work function gate electrode of the logic transistor comprise a N+ doped

polysilicon layer to form a N-type (NMOS) logic transistor.
31. (New) A semiconductor device according to claim 23, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and

wherein the high work function gate electrode of the logic transistor comprise a P+ doped

polysilicon layer to form a P-type (NMOS) logic transistor.

Page 4 of 5
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Appl. No. 12/152,518
Amdt. dated June 28, 2011
Response to Notice Of Non-Compliant Amendment

REMARKS
This paper is responsive to the Notice Of Non-Compliant Amendment mailed on June 2,
2011, and in connection with a non-final amendment submitted with a Request for Continued
Examination (RCE) filed on 24 May 2011.
In this response the text of withdrawn claims 16-20 has been provided and identifiers of

claims 23 and 27 corrected.

Conclusion
It is believed no fees are required for filing this amendment. However, if necessary,
please charge any additional fees under 37 CFR §§ 1.16, 1.17, 1.18, 1.20 and 1.21 that may be
required to maintain pendency of the present application, or apply any credits to PTO deposit
account number: 50-3467.
Respectfully submitted,
Igor Polishchuk

Dated:_June 28, 2011 By:_ /William E. Nuttle / .
William E. Nuttle, Reg. No. 42,943
Attorney for the Applicant(s)
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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
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

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

Sandisk Technologies, Inc. - Ex. 1038, Page 000032




PTO/SB/06 (07-06)

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

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

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

Legal Instrument Examiner:

/RUBY JOHNSON/

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 12/1 52,51 8 05/13/2008 D To be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY I:l OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a) (b) or ()
[0 seaRcH Fee
(37 CFR116(k). (i) or (m)) N/A N/A N/A N/A
D EXAMINATION FEE
(37 GFR 1.16(0), o), or (@) N/A N/A N/A N/A
TOTAL CLANS S - on[xs -
INDEPENDENT CLAIMS ) . - -
(37 CFR 1.16(h)) minus 3 = X$ = X =
If the specification and drawings exceed 100
0 sheets of paper, the application size fee due
ASF;PCL;gﬁ-T?N SIZE FEE is $250 ($125 for small entity) for each
{ 18(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 06/28/2011 AFTER PREVIOUSLY EXTRA RATE (§) FEE ($) RATE ($) FEE ($)
5 AMENDMENT PAID FOR
S | Totalerem 14 Minus | = 20 -0 Xs = OR | x ss2= 0
5 )
z e * 2 Minus | =3 -0 X$ = OR | x s220- 0
<§E D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16())) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE ) | ree (g RATE (§) FEE (9)
— AMENDMENT PAID FOR
z Jotal o7 orR . Minus | = - X$ = OR | xs =
A A E o _ x5 - or [xs -
E |:| Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE
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Application No. Applicant(s)
Notice of Non-Compliant Amendment | 12/152,518 POLISHCHUK ET AL.
(37 CFR 1.121) Art Unit
2400

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

The amendment document filed on 06 June, 2011 is considered non-compliant because it has failed to meet the
requirements of 37 CFR 1.121 or 1.4. In order for the amendment document to be compliant, correction of the following
item(s) is required.

THE FOLLOWING MARKED (X) ITEM(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
[0 1. Amendments to the specification:
[] A. Amended paragraph(s) do not include markings.
[] B. New paragraph(s) should not be underlined.
[ C. Other .

[ 2. Abstract:
[ A. Not presented on a separate sheet. 37 CFR 1.72.
[ B. Other :

[ 3. Amendments to the drawings:
[0 A. The drawings are not properly identified in the top margin as “Replacement Sheet,” “New Sheet,” or
“‘Annotated Sheet” as required by 37 CFR 1.121(d).
[J B. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings
showing amended figures, without markings, in compliance with 37 CFR 1.84 are required.
[ C. Other )

X 4. Amendments to the claims:

[] A. A complete listing of all of the claims is not present.

[ B. The listing of claims does not include the text of all pending claims (including withdrawn claims)

XI C. Each claim has not been provided with the proper status identifier, and as such, the individual status
of each claim cannot be identified. Note: the status of every claim must be indicated after its claim
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled),
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn-currently amended).

[ D. The claims of this amendment paper have not been presented in ascending numerical order.

X E. Other: Claims,_23 & 27 the status indentifier is incorrect..

[ 5. Other (e.g., the amendment is unsigned or not signed in accordance with 37 CFR 1.4): For further explanation
of the amendment format required by 37 CFR 1.121, see MPEP § 714.

TIME PERIODS FOR FILING A REPLY TO THIS NOTICE:

1. Applicant is given no new time period if the non-compliant amendment is an after-final amendment or an amendment
filed after allowance, or a drawing submission (only) If applicant wishes to resubmit the non-compliant after-final
amendment with corrections, the entire corrected amendment must be resubmitted.

2. Applicant is given one month, or thirty (30) days, whichever is longer, from the mail date of this notice to supply the
correction, if the non-compliant amendment is one of the following: a preliminary amendment, a non-final amendment
(including a submission for a request for continued examination (RCE) under 37 CFR 1.114), a supplemental
amendment filed within a suspension period under 37 CFR 1.103(a) or (c), and an amendment filed in response to a
Quayle action. If any of above boxes 1 to 4 are checked, the correction required is only the corrected section of the
non-compliant amendment in compliance with 37 CFR 1.121.

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendment is a non-final
amendment or an amendment filed in response to a Quayle action.
Failure to timely respond to this notice will result in:
Abandonment of the application if the non-compliant amendment is a non-final amendment or an amendment
filed in response to a Quayle action; or
Non-entry of the amendment if the non-compliant amendment is a preliminary amendment or supplemental

amendment.
Legal Instruments Examiner (LIE), if applicable /PEARLIE A. FENNELL/ Telephone No: (571)272-1006
U.S. Patent and Trademark Office Part of Paper No. 20110621-2
PTOL-324 (04-06) Notice of Non-Compliant Amendment (37 CFR 1.121)

Sandisk Technologies, Inc. - Ex. 1038, Page 000035




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 12/152,518 Confirmation No. 5484
In re Application of Igor Polishchuk

Filed : May 13, 2008

TC/A.U. : 2893

Examiner : NGAN V. NGO

Docket No. : PM2007027

Customer No. : 60909

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

AMENDMENT

Sir:

This paper is responsive to the Office Action mailed on March 9, 2011, and is timely
filed.

Amendments to the Claims are reflected in the listing of the claims which begin on

page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper.
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Appl. No. 12/152,518

Amdt. dated June 6, 2011

Reply to Office Action of March 9, 2011
Amendments to the Claims:

1-15. (Canceled)

16-20. (Withdrawn).

21-22. (Canceled)

23. (Allowed) A semiconductor device comprising:

a non-volatile memory transistor including an oxide-nitride-oxide (ONO) dielectric
stack on a surface of a semiconductor substrate, the ONO dielectric stack comprising a multi-
layer charge storage layer including a silicon-rich, oxygen-lean top silicon oxynitride layer and
a silicon-rich, oxygen-rich bottom silicon oxynitride layer; and

a metal oxide semiconductor (MOS) logic transistor including a gate oxide and a high

work function gate electrode.

24, (Currently Amended) A semiconductor device according to claim [[23]]28, wherein
the semiconductor substrate comprises a silicon surface over which the ONO dielectric stack is
formed, and wherein both the high work function gate electrode of the memory transistor and
the high work function gate electrode of the logic transistor comprise a N+ doped polysilicon
layer to form an P-type (PMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory
transistor and a N-type (NMOS) logic transistor.

25. (Currently Amended) A semiconductor device according to claim [[23]]28, wherein
the semiconductor substrate comprises a silicon surface over which the ONO dielectric stack is
formed, and wherein both the high work function gate electrode of the memory transistor and
the high work function gate electrode of the logic transistor comprise a P+ doped polysilicon
layer to form an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory
transistor and a P-type (NMOS) logic transistor.

26. (Currently Amended) A semiconductor device according to claim [[23]]28,

wherein both the high work function gate electrode of the memory transistor and the high work

Page 2 of 5
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Appl. No. 12/152,518
Amdt. dated June 6, 2011
Reply to Office Action of March 9, 2011

function gate electrode of the logic transistor are formed from a single, patterned doped

polysilicon layer.

27. (Allowed) A semiconductor device according to claim 23, wherein the top silicon
oxynitride layer is a trap-rich silicon oxynitride layer and the bottom silicon oxynitride layer is

a substantially trap free silicon oxynitride layer.

28. (New) A semiconductor device according to claim 23, wherein the non-volatile
memory transistor comprises a high work function gate electrode formed over a surface of the

ONO dielectric stack.

29. (New) A semiconductor device according to claim 28, wherein the top silicon
oxynitride layer is a trap-rich silicon oxynitride layer and the bottom silicon oxynitride layer is

a substantially trap free silicon oxynitride layer.

30. (New) A semiconductor device according to claim 23, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and
wherein the high work function gate electrode of the logic transistor comprise a N+ doped

polysilicon layer to form a N-type (NMOS) logic transistor.
31. (New) A semiconductor device according to claim 23, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and

wherein the high work function gate electrode of the logic transistor comprise a P+ doped

polysilicon layer to form a P-type (NMOS) logic transistor.

Page 3 of 5

Sandisk Technologies, Inc. - Ex. 1038, Page 000038



Appl. No. 12/152,518
Amdt. dated June 6, 2011
Reply to Office Action of March 9, 2011

REMARKS
Claims 23-31 remain in this application, claims 16-20 having been withdrawn, claims 1-
15 and 21-22 having been canceled, and claims 28-31 being added. Claims 24-26 are hereby
amended.
The amendments and added claims are supported by the detailed description, figures and
claims as originally filed, no new matter is being added, and entry of the amendments and added

claims is requested.

Claim Rejections — 35 U.S.C. § 103:

Claims 1-5, 8-15, 21, and 22 are rejected under 35 U.S.C. 103(a) as being allegedly
unpatentable over Nomoto et al (US Pat No.6,906,390) in view of Zheng et al (US Pat No.
6,912,163 82).

By this response claims 1-5, 8-15, 21, and 22 have been canceled thereby obviating the

rejection with respect to these claims.

Allowable Subject Matter

The Examiner indicated Claims 23-27 as allowed.

Applicant thanks the examiner for allowance of these claims.

Applicant further submits that added dependent claims 28-31 are allowable as depending
from allowed independent claim 23.

Claims 24-26 are hereby being amended to depend from added claim dependent 28 to
provide antecedent basis for “the high work function gate electrode of the memory transistor.”

Accordingly, Applicants submit that claim 23, as well as claims 24-31 which are

dependent therefrom, are in condition for allowance.

RESERVATION OF RIGHTS

In the interest of clarity and brevity, Applicant may not have addressed every assertion
made in the Office Action. Applicant’s silence regarding any such assertion does not constitute
any admission or acquiescence. Applicant reserves all rights not exercised in connection with
this response, such as the right to challenge or rebut any tacit or explicit characterization of any

reference or of any of the present claims, the right to challenge or rebut any asserted factual or

Page 4 of 5
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Appl. No. 12/152,518
Amdt. dated June 6, 2011
Reply to Office Action of March 9, 2011

legal basis of any of the rejections, the right to swear behind any cited reference such as provided
under 37 C.F.R. § 1.131 or otherwise, or the right to assert co-ownership of any cited reference.
Applicant does not admit that any of the cited references or any other references of record is
relevant to the present claims, or that they constitute prior art. To the extent that any rejection or
assertion is based upon the Examiner’s personal knowledge, rather than any objective evidence
of record as manifested by a cited prior art reference, Applicant timely objects to such reliance
on Official Notice, and reserves all rights to request that the Examiner provide a reference or
affidavit in support of such assertion, as required by MPEP § 2144.03. Applicant reserves all
rights to pursue any cancelled claims in a subsequent patent application claiming the benefit of
priority of the present patent application, and to request rejoinder of any withdrawn claim, as

required by MPEP § 821.04.

Conclusion

Applicant respectfully submits that the claims are in condition for allowance and
notification to that effect is earnestly requested. The Examiner is invited to telephone
Applicant’s attorney, William E. Nuttle at (650) 207-3418.

It is believed no fees are required for filing this amendment. However, if necessary,
please charge any additional fees under 37 CFR §§ 1.16, 1.17, 1.18, 1.20 and 1.21 that may be
required to maintain pendency of the present application, or apply any credits to our PTO
deposit account number: 50-3781.

Respectfully submitted,
Igor Polishchuk

Dated: June 6, 2011 By:_ /William E. Nuttle /
William E. Nuttle, Reg. No. 42,943
Attorney for the Applicant(s)
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If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Sandisk Technologies, Inc. - Ex. 1038, Page 000043



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/152,518 05/13/2008 Igor Polishchuk PMO07027 5484
60909 7590 03/09/2011
CYPRESS SEMICONDUCTOR CORPORATION | EXAMINER |
198 CHAMPION COURT NGO, NGAN V
SAN JOSE, CA 95134-1709 | —— o]
2893
| MAIL DATE I DELIVERY MODE |
03/09/2011 PAPER

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

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

PTOL-90A (Rev. 04/07)

Sandisk Technologies, Inc. - Ex. 1038, Page 000044



Application No. Applicant(s)

12/152,518 POLISHCHUK ET AL.
Office Action Summary Examiner AriUnit

Ngan Ngo 2893

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

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

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

after SIX (6) MONTHS from the mailing date of this communication.
- I 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

)X Responsive to communication(s) filed on 28 December 2010.
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4K Claim(s) 1-5,8-15 and 21-27 is/are pending in the application.
43) Of the above claim(s) is/are withdrawn from consideration.
5)X Claim(s) 23-27 is/are allowed.
6)X] Claim(s) 1-5,8-15.21 and 22 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claim(s) ____

are subject to restriction and/or election requirement.

Application Papers

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

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

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

Priority under 35 U.S.C. § 119

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

Attachment(s)
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Application/Control Number: 12/152,518 Page 2
Art Unit: 2893

The amendment filed December 28, 2010 has been entered and made of record
as paper no. 20101228.
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

Claims 1-5, 8-15, 21, and 22 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Nomoto et al (US 6,906,390 B2) in view of Zheng et al (6,912,163
B2, of record).

Nomoto discloses in figures 2-3H a non-volatile memory transistor comprising: an
oxide-nitride-oxide (BTM, CS, and TOP) dielectric stack on a surface of a
semiconductor substrate, the ONO dielectric stack comprising a multi-layer charge
storage layer including a substantially trap free bottom silicon oxynitride layer (CS1) and
a charge trapping top silicon oxynitride layer (CS2); and a gate electrode (G) formed of
doped polysilicon over a surface of the ONO dielectric stack. Note lines 9-13, column 7
of Nomoto. Zheng teaches that gate electrode formed of doped polysilicon is high work
function gate electrode. Therefore it would have been obvious to one of ordinary skill in
the art that the gate electrode in Nomoto is a high work function gate electrode.

Claims 23-27 are allowed.

Applicant's arguments with respect to claims 1-5, 8-15, 21, and 22 have been

considered but are moot in view of the new ground(s) of rejection.
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Application/Control Number: 12/152,518 Page 3
Art Unit: 2893

The other references are cited to show other structures pertinent to Applicants’
disclosure.

Any inquiry concerning this communication should be directed to Examiner Ngan
Ngo at telephone number (571) 272-1711. The fax phone number for the organization
where this application or proceeding is assigned is (571)-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

/Ngan Ngo/

Primary Examiner, Art Unit 2893

Ngan Ngo

March 9, 2011
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. : 12/152,518 Confirmation No. 5484
In re Application of Igor Polishchuk

Filed : May 13, 2008

TC/A.U. : 2893

Examiner : NGAN V. NGO

Docket No. : PM2007027

Customer No. : 60909

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

AMENDMENT

Sir:
This paper is responsive to the Office Action mailed on September 29, 2010, and is
timely filed.

Amendments to the Claims are reflected in the listing of the claims which begin on

page 2 of this paper.

Remarks/Arguments begin on page 6 of this paper.
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

Amendments to the Claims:

1. (Currently Amended) A non-volatile memory transistor comprising:
an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor substrate,

the ONO dielectric stack comprising a multi-layer charge storage layer including a

substantially trap free bottom silicon oxynitride layer and a charge trapping top silicon

oxynitride layer; and

high work function gate electrode formed over a surface of the ONO dielectric stack.

2. (Original) A memory transistor according to claim 1, wherein the high work function

gate electrode comprises a doped polysilicon layer.

3. (Original) A memory transistor according to claim 2, wherein the semiconductor
substrate comprises a silicon surface on which the ONO diclectric stack is formed to form a

silicon-oxide-nitride-oxide-silicon (SONOS) gate stack of a SONOS memory transistor.

4. (Original) A memory transistor according to claim 3, wherein the doped polysilicon

layer comprises a P+ dopant to form a NMOS SONOS memory transistor.

5. (Original) A memory transistor according to claim 4, wherein the P+ dopant

comprises boron or difluoroborane (BF;).

6-7. (Canceled)

8. (Currently Amended) A memory transistor according to claim [7]1, wherein the top
silicon oxynitride layer is formed under conditions selected to form a silicon-rich, oxygen-lean
silicon oxynitride layer, and the bottom silicon oxynitride layer is formed under conditions

selected to form a silicon-rich, oxygen-rich silicon oxynitride layer.

9. (Currently Amended) A semiconductor device including a non-volatile memory

transistor comprising;:

Page 2 of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor substrate,

the ONO dielectric stack including a multi-layer charge storage layer comprising multiple

silicon oxynitride layers; and

a high work function gate electrode formed over a surface of the ONO dielectric stack.

10. (Original) A semiconductor device according to claim 9, further comprising a metal
oxide semiconductor (MOS) logic transistor including a gate oxide and a high work function

gate electrode.

11. (Original) A semiconductor device according to claim 10, wherein at least one of
the high work function gate electrode of the memory transistor and the high work function gate

electrode of the logic transistor comprises a doped polysilicon layer.

12. (Original) A semiconductor device according to claim 11, wherein the doped

polysilicon layer comprises a P+ dopant.

13. (Original) A semiconductor device according to claim 12, wherein the P+ dopant

comprises boron or difluoroborane (BF;).

14. (Original) A semiconductor device according to claim 12, wherein the
semiconductor substrate comprises a silicon surface over which the ONO dielectric stack is
formed, and wherein both the high work function gate electrode of the memory transistor and
the high work function gate electrode of the logic transistor comprise a P+ doped polysilicon
layer to form an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory
transistor and a P-type (PMOS) logic transistor.

15. (Currently Amended) A semiconductor device according to claim 9, wherein the
multi-layer charge storing layer comprises at least a substantially trap free bottom silicon

oxynitride layer and a charge trapping top silicon oxynitride layer.

16-20. (Withdrawn).
Page 3 of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

21. (New) A memory transistor according to claim 3, wherein the doped polysilicon

layer comprises a N+ dopant to form a PMOS SONOS memory transistor.

22. (New) A semiconductor device according to claim 11, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and
wherein both the high work function gate electrode of the memory transistor and the high work
function gate electrode of the logic transistor comprise a N+ doped polysilicon layer to form an
P-type (PMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory transistor and a N-type
(NMOS) logic transistor.

23. (New) A semiconductor device comprising:

a non-volatile memory transistor including an oxide-nitride-oxide (ONO) dielectric
stack on a surface of a semiconductor substrate, the ONO dielectric stack comprising a multi-
layer charge storage layer including a silicon-rich, oxygen-lean top silicon oxynitride layer and
a silicon-rich, oxygen-rich bottom silicon oxynitride layer; and

a metal oxide semiconductor (MOS) logic transistor including a gate oxide and a high

work function gate electrode.

24. (New) A semiconductor device according to claim 23, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and
wherein both the high work function gate electrode of the memory transistor and the high work
function gate electrode of the logic transistor comprise a N+ doped polysilicon layer to form an
P-type (PMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory transistor and a N-type
(NMOS) logic transistor.

25. (New) A semiconductor device according to claim 23, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, and

wherein both the high work function gate electrode of the memory transistor and the high work

function gate electrode of the logic transistor comprise a P+ doped polysilicon layer to form an

Page 4 of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory transistor and a P-type
(NMOS) logic transistor.

26. (New) A semiconductor device according to claim 23, wherein both the high work
function gate electrode of the memory transistor and the high work function gate electrode of
the logic transistor are formed from a single, patterned doped polysilicon layer.

27. (New) A semiconductor device according to claim 23, wherein the top silicon

oxynitride layer is a trap-rich silicon oxynitride layer and the bottom silicon oxynitride layer is

a substantially trap free silicon oxynitride layer.

Page S of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

REMARKS

Claims 1-5, 8-15 and 21-27 remain in this application, claims 16-20 having been
withdrawn and claims 6-7 hereby being canceled and claims 21-27 being added. Claims 1, 8, 9
and 15 are hereby amended.

The amendments and added claims are supported by the detailed description, figures and
claims as originally filed, no new matter is being added, and entry of the amendments and added

claims is requested.

Claim Rejections — 35 U.S.C. § 102:
Claims 1-6 are rejected under 35 U.S.C. 102(b) as being allegedly unpatentable over
Zheng et al (US Pat No. 6,912,163 82).

By this response claim 1 has been amended to include the features of now canceled claim
7 and intervening claim 6.
Accordingly, Applicant submits that claim 1, as well as claims 2-5 which are dependent

therefrom, are not anticipated by Zheng.

Claim Rejections — 35 U.S.C. § 103:

Claims 7-15 are rejected under 35 U.S.C. 103(a) as being allegedly unpatentable over
Zheng in view of in view of Wang et al (US Pat. App. No. 2007/0272916 A1) and Lue et al (US
Pat. App. No. 2007/0268753 A1l).

By this response claims 7, 10 and 11 have been canceled thereby obviating the rejection
with respect to these claims.

Rejection of the remaining claims will now be addressed by responding to the rejection of

independent claims 1 and 9.
To establish a prima facie case of obviousness, a rejection must meet three basic criteria.
First, there must be some suggestion or motivation to modify a reference or combine reference

teachings. Second, there must be a reasonable expectation of success. Finally, the prior art

reference(s) must teach or suggest all claim limitations. (MPEP §2143.)

Page 6 of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

The Cited References Do Not Teach Or Suggest All Features Of The Claims
Applicant submits that the cited references, alone or in combination, do not teach or

suggest all features of independent claims 1 and 9.

Claim 1

Claim 8 depends from claim 1. Claim 1 as amended provides: “an oxide-nitride-oxide
(ONO) diclectric stack on a surface of a semiconductor substrate, the ONO dielectric stack
comprising a multi-layer charge storage layer including a substantially trap free bottom silicon
oxynitride layer and a charge trapping top silicon oxynitride layer.”

With regard to these features, previously included in claim 7, the examiner states on page
3 of the office action that Wang “teaches that the charge storing layer can be formed of multi-
layer of oxynitrides. Note paragraph [0024].”

Referring to paragraph [0024], Applicants submit that Wang does not teach or suggest a
multi-layer charge storage layer including a substantially trap free bottom silicon oxynitride layer
and a charge trapping top silicon oxynitride layer. Wang discloses the storage layer 24 preferably
comprises aluminum nitride (AIN), and “in other embodiments, storage layer 24 may include
other high-k dielectric materials including oxides, nitrides and oxynitrides, such as SizN4, Al1203,
HfO,, HfON, ZRON, and combinations thereof.” Thus, Wang does not teach or suggest a charge
storage layer comprising silicon oxynitride layer at all, still less a charge storage layer
comprising multiple silicon oxynitride layers.

Moreover, Wang does not teach or suggest a trap free bottom silicon oxynitride layer and
charge trapping top silicon oxynitride layer. Rather, Wang discloses the charge storage layer
“may also include nano crystal islands.” Note paragraph [0028]. Wang does not disclose the
location or concentration of these ‘islands’ within the charge storage layer, however the
description in paragraph [0028] of the “nano crystal islands being isolated by the dielectric
materials,” and the dielectric materials being AIN or AlGaN, and the band diagram of FIG. 7, is
highly suggestive of their being located in the lower AIN or AlGaN layers, and not the top SizNy4
layer. This is completely opposite the claimed features of “a trap free bottom silicon oxynitride
layer and charge trapping top silicon oxynitride layer.”

Accordingly, Applicants submit that claim 1, as well as claims 2-5, 8 and 21 which are

dependent therefrom, are patentable over the cited references.

Page 7 of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

Claim 9
Claim 9 as amended provides: “an oxide-nitride-oxide (ONO) diclectric stack on a
surface of a semiconductor substrate, the ONO dielectric stack including a multi-layer charge
storage layer comprising multiple silicon oxynitride layers.”

For reasons given above with respect to claim 1, Applicants submit that Wang does not
teach or suggest “a multi-layer charge storage layer comprising multiple silicon oxynitride
layers.” In particular, Wang discloses the storage layer “may include other high-k dielectric
materials including oxides, nitrides and oxynitrides, such as SizN4, Al203, HfO,, HFON, ZRON,
and combinations thereof.” Thus, Wang does not teach or suggest a charge storage layer
comprising silicon oxynitride layer at all, still less a charge storage layer comprising multiple
silicon oxynitride layers.

Accordingly, Applicants submit that claim 9, as well as claims 10-15 and 22 which are

dependent therefrom, are patentable over the cited references.

Added Claims

Applicant further submits that added independent claim 23 includes features not taught or
suggested by the cited references, and therefore are patentable over the cited references.

In particular, added independent claim 23 includes the features “a non-volatile memory
transistor including an oxide-nitride-oxide (ONO) dielectric stack on a surface of a
semiconductor substrate, the ONO dielectric stack comprising a multi-layer charge storage
layer including a silicon-rich, oxygen-lean top silicon oxynitride layer and a silicon-rich,
oxygen-rich bottom silicon oxynitride layer.”

As noted above in connection with claims 1 and 9, Applicants submit that Wang does not
teach or suggest a charge storage layer comprising a silicon oxynitride layer, still less a multi-
layer charge storage layer including top and bottom silicon oxynitride layers.

Applicant further submits that none of the references cited by the examiner, alone or in
combination, teach or suggest “a multi-layer charge storage layer including a silicon-rich,
oxygen-lean top silicon oxynitride layer and a silicon-rich, oxygen-rich bottom silicon oxynitride
layer.”

Accordingly, Applicants submit that claim 23, as well as claims 24-25 which are

dependent therefrom, are patentable over the cited references.

Page 8 of 9
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Appl. No. 12/152,518
Amdt. dated December 28, 2010
Reply to Office Action of September 29, 2010

RESERVATION OF RIGHTS

In the interest of clarity and brevity, Applicant may not have addressed every assertion
made in the Office Action. Applicant’s silence regarding any such assertion does not constitute
any admission or acquiescence. Applicant reserves all rights not exercised in connection with
this response, such as the right to challenge or rebut any tacit or explicit characterization of any
reference or of any of the present claims, the right to challenge or rebut any asserted factual or
legal basis of any of the rejections, the right to swear behind any cited reference such as provided
under 37 C.F.R. § 1.131 or otherwise, or the right to assert co-ownership of any cited reference.
Applicant does not admit that any of the cited references or any other references of record is
relevant to the present claims, or that they constitute prior art. To the extent that any rejection or
assertion is based upon the Examiner’s personal knowledge, rather than any objective evidence
of record as manifested by a cited prior art reference, Applicant timely objects to such reliance
on Official Notice, and reserves all rights to request that the Examiner provide a reference or
affidavit in support of such assertion, as required by MPEP § 2144.03. Applicant reserves all
rights to pursue any cancelled claims in a subsequent patent application claiming the benefit of
priority of the present patent application, and to request rejoinder of any withdrawn claim, as

required by MPEP § 821.04.

Conclusion

Applicant respectfully submits that the claims are in condition for allowance and
notification to that effect is camestly requested. The Examiner is invited to telephone
Applicant’s attorney, William E. Nuttle at (650) 207-3418.

It is believed no fees are required for filing this amendment. However, if necessary,
please charge any additional fees under 37 CFR §§ 1.16, 1.17, 1.18, 1.20 and 1.21 that may be
required to maintain pendency of the present application, or apply any credits to our PTO
deposit account number: 50-3781.

Respectfully submitted,
Igor Polishchuk

Dated: December 28, 2010 By:_ /William E. Nuttle, Reg. No. 42,943/
William E. Nuttle, Reg. No. 42,943
Attorney for the Applicant(s)
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12/152,518 POLISHCHUK ET AL.
Office Action Summary Examiner Art Unit

Ngan Ngo 2893

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

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

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

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

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

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

Status
1IX] Responsive to communication(s) filed on 09 July 2010.
2a)] This action is FINAL. 2b)X This action is non-final.

3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) 16-20 is/are withdrawn from consideration.

5[] Claim(s)_____is/are allowed.

6)X] Claim(s) 1-15 is/are rejected.

7)] Claim(s) _____is/are objected to.

8)] Claim(s)___are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on _____is/are: a)[] accepted or b)[_] 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)
1) x Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 20081121. 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20100924
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Application/Control Number: 12/152,518 Page 2
Art Unit: 2893

The election filed July 9, 2010 has been entered and made of record as paper
no. 20100709.

Applicant’s election without traverse of claims 1-15 in the reply filed on July 9,
2010 is acknowledged.

The specification has not been checked to the extent necessary to determine the
presence of all possible minor errors. Applicant's cooperation is requested in correcting
any errors of which applicant may become aware in the specification.

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claims 1-6 are rejected under 35 U.S.C. 102(b) as being anticipated by Zheng et
al (US 6,912,163 B2).

Zheng discloses a non-volatile memory transistor comprising: an oxide-nitride-
oxide (18) dielectric stack on a surface of a semiconductor substrate; and high work
function gate electrode (34) formed over a surface of the ONO dielectric stack.

In re claim 2, the high work function gate electrode in Zheng comprises a doped
polysilicon layer.

In re claim 3, the transistor in Zheng is a SONOS memory transistor.

In re claim 4, the doped polysilicon layer in Zheng comprises a P+ dopant to form

an NMOS SONOS memory transistor. Note line 33, column 9 of Zheng.
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Application/Control Number: 12/152,518 Page 3
Art Unit: 2893

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

obviousness rejections set forth in this Office action:

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

Claims 7-15 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Zheng et al (US 6,912,163 B2) in view of Wang et al (US 2007/0272916 A1) and Lue et
al (US 2007/0268753 A1).

Zheng discloses all of the subject matter discussed above. Wang further teaches
that the charge storing layer can be formed of multi-layer of oxynitrides. Note paragraph
[0024]. Lue further discloses in figure 31 memory transistors and logic transistors
including gate oxide and high work function gate electrodes formed on the same
substrate. Therefore it would have been obvious to one of ordinary skill in the art to use
the teachings of Zheng, Wang, and Lue to form the claimed device.

The other references are cited to show other structures pertinent to Applicant’s
disclosure.

Any inquiry concerning this communication should be directed to Examiner Ngan
Ngo at telephone number (571) 272-1711. The fax phone number for the organization
where this application or proceeding is assigned is (571)-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.
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Application/Control Number: 12/152,518
Art Unit: 2893

Page 4

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).

/Ngan Ngo/

Primary Examiner, Art Unit 2893

Ngan Ngo

September 27, 2010
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Applicant: Igor Polishchuk Examiner: DILINH NGUYEN
Serial No.: 12/152,518 Group Art Unit: 2893

Filed: May 13, 2008 Dacket No.: PM2007027
Title: MEMORY TRANSISTOR WITH MULTIPLE Confirmation No.: 5484

CHARGE STORING LAYERS AND A HIGH WORK
FUNCTION GATE ELECTRODE
Assignee: Cypress Semiconductor Corporation

RESPONSE TO RESTRICTION REQUIREMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

in response to the Reétriction Requirement mailed June 9, 2010, Applicant submits the

following.

Sandisk Technologies, Inc. - Ex. 1038, Page 000076




IN THE CLAIMS

1. (Original) A non-volatile memory transistor comprising:
an oxide-nitride-oxide (ONOQ) dielectric stack on a surface of a semiconductor substrate;
and

high work function gate electrode formed over a surface of the ONO dielectric stack.

2. (Original) A memory transistor according to claim 1, wherein the high work

function gate electrode comprises a doped polysilicon layer.

3. (Original) A memory transistor according to claim 2, wherein the semiconductor

substrate comprises a silicon surface on which the ONO dielectric stack is formed to form a

silicon-oxide-nitride-oxide-silicon (SONOS) gate stack of a SONOS memory transistor.

4. (Original) A memory transistor according to claim 3, wherein the doped

polysilicon layer comprises a P+ dopant to form a NMOS SONOS memory transistor.

5. (Original) A memory transistor according to claim 4, wherein the P+ dopant

comprises boron or difluoroborane (BF,).

6. (Original) A memory transistor according to claim 1, wherein the ONO dielectric

stack comprises a multi-layer charge storage layer.
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RESPONSE TG RESTRICTION REQUIREMENT Page 3

7. (Original) A memory trangsistor according to claim 6, wherein the multi-layer
charge storing layer comprises at least a substantially trap free bottom oxynitride layer and a

charge trapping top oxynitride layer.

8. (Original) A memory transistor according to claim 7, wherein the top oxynitride
layer is formed under conditions selected to form a silicon-rich, oxygen-lean oxynitride layer,
and the bottom oxynitride layer is formed under conditions selected to form a silicon-rich,

oxygen-rich oxynitride layer.

9. (Original) A semiconductor device including a non-volatile memory transistor
comprising:

an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor substrate,
the ONO dielectric stack including a multi-layer charge storage layer; and

a high work function gate electrode formed over a surface of the ONO dielectric stack.

10.  (Original) A semiconductor device according to claim 9, further comprising a
metal oxide semiconductor (MOS) logic transistor including a gate oxide and a high work

function gate electrode.

11.  (Original) A semiconductor device according to claim 10, wherein at least one of
the high work function gate electrode of the memory transistor and the high work function gate

electrode of the logic transistor comprises a doped polysilicon layer.
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RESPONSE TO RESTRICTION REQUIREMENT Page 4

12. (Original) A semiconductor device according to claim 11, wherein the doped

polysilicon layer comprises a P+ dopant.

13.  (Original) A semiconductor device according to claim 12, wherein the P+ dopant

comprises boron or difluoroborane (BF,).

i4. (Original) A semiconductor device according to claim 12, wherein the
semiconductor substrate comprises a silicon surface over which the ONO dielectric stack is
formed, and wherein both the high work function gate electrode of the memory transistor and the
high work function gate electrode of the logic transistor comprise a P+ doped polysilicon layer to
form an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory transistor and a

P-type (PMOS) logic transistor.

15. (Original) A semiconductor device according to claim 9, wherein the multi-layer
charge storing layer comprises at least a substantially trap free bottom oxynitride layer and a

charge trapping top oxynifride layer.

16.  (Withdrawn) A method of forming a semiconductor device comprising steps of:
forming an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor
substrate in at least a first region in which a non-volatile memory transistor is to be formed, the

ONO dielectric stack including a multi-layer charge storage layer;
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RESPONSE TO RESTRICTION REQUIREMENT Page 5

forming an oxide layer on the surface of the substrate in a second region in which a metal
oxide semiconductor (MOS) logic transistor is to be formed; and

forming a high work function gate electrode on a surface of the ONO dielectric stack.

17.  (Withdrawn) A method according to claim 16, wherein step of forming a high
work function gate electrode on a surface of the ONO dielectric stack comprises the step of

forming a doped polysilicon layer on a surface of the ONO dielectric stack.

18, (Withdrawn) A method according to claim 17, wherein the step of forming a
doped polysilicon layer on a surface of the ONO dielectric stack further comprises the step of
also forming the doped polysilicon layer on a surface of the oxide layer of the MOS logic

transistor form a high work function gate electrode thereon.

19. (Withdrawn) A method according to claim 18, wherein the semiconductor
substrate comprises a silicon surface over which the ONO dielectric stack is formed, the doped
polysilicon layer comprises a P+ dopant, and wherein the method further comprises the steps of
patterning the he doped polysilicon layer, the ONO dielectric stack and the oxide layer to form
an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS) memory transistor and a P-type

(PMOS) logic transistor.

20.  (Withdrawn) A method according to claim 16, wherein the step of forming an

ONO dielectric stack including a multi-layer charge storage layer comprises the steps of forming
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at least a substantially trap free bottom oxynitride layer followed by forming a charge trapping

top oxynitride layer.
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REMARKS
No claims have been added, amended or cancelled. As aresult, claims 1-20 remain
pending. Claims 16-20 have been withdrawn as non-elected. The Applicants reserve the right to
reintroduce the non-elected claims in this Application, or in one or more divisional applications

at a later date.

Restriction Requirement

In the Restriction Requirement mailed June 9, 2010, the Examiner has restricted the

claims to one of the following inventions under 35 U.S.C. 121:

I Claims 1-13, drawn to a semiconductor device, classified in class 257, subclass 324.
II.. .. Claims 16-20, drawn to a method for making a semiconductor device, classified in
class 438, subclass 216.

Applicant provisionally elects, without traverse, Group I, claims 1-15.
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CONCLUSION

Applicant respectfully submits that the claims are in condition for allowance, and

notification to that effect is earnestly requested. The Examiner is invited to telephone
Applicant’s attorney at (408) 545-7194 to facilitate prosecution of this application.

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R.
§§ 1.16, 1;17, 1.18, 1.20 and 1.21 that may be required to maintain pendency of the present
application, and to credit any overpayments, to Deposit Account No. 50-3781.

Respectfully submitted,
Igor Polishchuk

By his Representatives,

Date Jaly 9, 2010 By _/Larry J. Johnson/
Larry J. Johnson
Reg. No. 56,861
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Please find below and/or attached an Office communication concerning this application or proceeding.

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

PTOL-90A (Rev. 04/07)

Sandisk Technologies, Inc. - Ex. 1038, Page 000087



Application No. Applicant(s)

12/152,518 POLISHCHUK ET AL.
Office Action Summary Examiner Art Unit

DILINH P. NGUYEN 2893

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

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

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

after SIX (6) MONTHS from the mailing date of this communication.
- 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

1IX] Responsive to communication(s) filed on 13 May 2008.
2a)] This action is FINAL. 2b)X This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

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

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s)_____is/are allowed.
6)1 Claim(s)_____is/are rejected.
7)] Claim(s) _____is/are objected to.

8)X] Claim(s) 1-20 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on _____is/are: a)[] accepted or b)[_] 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)
1) |:| Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [_] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date _. 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20100603
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Application/Control Number: 12/152,518 Page 2
Art Unit: 2893

DETAILED ACTION
Election/Restrictions

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

l. Claims 1-15, drawn to a semiconductor device, classified in class 257,

subclass 324.
Il. Claims 16-20, drawn to a method for making a semiconductor device,
classified in class 438, subclass 216.

2. The inventions are distinct, each from the other because of the following reasons:
3. Inventions | and Il are related as process of making and product made. The
inventions are distinct if either or both of the following can be shown: (1) that the
process as claimed can be used to make another and materially different product or (2)
that the product as claimed can be made by another and materially different process
(MPEP § 806.05(f)). In the instant case, the product as claimed can be made by
another and materially process, such as a different product of claim 1 can be made
without forming an oxide layer on the surface of the substrate in a second region in
which a metal oxide semiconductor logic transistor is to be formed.
4. Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).
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5. The examiner has required restriction between product and process claims.
Where applicant elects claims directed to the product, and the product claims are
subsequently found allowable, withdrawn process claims that depend from or otherwise
require all the limitations of the allowable product claim will be considered for rejoinder.
All claims directed to a nonelected process invention must require all the limitations of
an allowable product claim for that process invention to be rejoined.

6. In the event of rejoinder, the requirement for restriction between the product
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
are found allowable, an otherwise proper restriction requirement between product
claims and process claims may be maintained. Withdrawn process claims that are not
commensurate in scope with an allowable product claim will not be rejoined. See MPEP
§ 821.04(b). Additionally, in order to retain the right to rejoinder in accordance with the
above policy, applicant is advised that the process claims should be amended during
prosecution to require the limitations of the product claims. Failure to do so may result
in a loss of the right to 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.

7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to DILINH P. NGUYEN whose telephone number is (571)
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272-1712. The examiner can normally be reached on 9:00 AM - 6:30 PM (Monday-
Thursday).

8. If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Davienne Monbleau can be reached on (571) 272-1945. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

9. 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.

DLN
6/3/10

/Sue A. Purvis/
Supervisory Patent Examiner, Art Unit 2826
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JAN, 13,2009 9:54AM Cyoress Legal (408)545-6911 RECEIVED N0. 3919 P 3

CENTRALFAX CENTER

J AN“J 3 m PTO/SB/ES (01-08)
tok 'ough 0173172008, OME 0651-0031
U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under tha Paperwork Reductdon Act of 1994, no persons are required to respand o o collastion of Info i uv@ il displays & valld OMB controt nw
STATEMENT UNDER 37 CFR 3.73(b)
Applicant/Patent Owner; | al
Application No./Patent No.: _12/152,518 Filed/issue Date: _May 13, 2008
Entitled: MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE
Cypress Semiconductor Corporation a _Corporation
(Name of Assignes) (Type of Assignea, e.g., corporation, parinership, wniveraily, govemment sgency, etc.)

states that it is:
1. !the assignes of the entire right, title, and interest; or

2. |:| an assignes of less than the entire right, title and interast
(The extent (by percentage) of its ownership interest ig. . %5)

in the patent application/patent identified above by virtue of either:

A[7]An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded
in the Unitad States Patent and Trademark Office at Reel , Frame: . or for which a copy
thereof is attached.

OR

B.[[J A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To: —
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame . or for which 8 copy thereof is attached.
2. From: To:
‘The dacument was recorded in the United States Patent and Trademark Office at
Reel Frame , or for which a copy thereof is attached.
3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

[ Agditional documents in the: chain of title are listed on a supplemental sheet.

[f] As required by 37 GFR 3.73(b)(1)(i). the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recardation pursuant to 37 CFR 3,11,

[NOTE: A separate copy (i.e., & true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP
302.08]

The undersigned (whose titlg is gupplied below) ig authorized to act on behalf of the assignee.

January 13,2009
Date
Andrew J, Bateman, Reg. No, 45,573 408-943-6878
Printed or Typed Name Telephone Number
Attornay of Record
Title

This collection 6! nformsllon is required by 37 CFR 3.73(b). The Wiormatkn la requited to oblain or retain a benett by the publlc which Is to fie (snd by the
USPTO 0 process) an appllcmlnn Caonfidentlality la govemed by 35 U.8,C. 122 and 37 CFR 1,11 and 1.14. This collection is estimated 10 take 12 minuies to
prapanng, and submitting the compisted applicalion form o the UBPTO. Timd wilt vary dapanding upon the Indvidus) cage. Any
commants on (he amount of time you require to complels this form and/or suggesilons for reducing this burden, should be sent to the Chiof information Ofricar,
U.3. Patent and Trademark Ommce, U.S. Department of Commerce. P.O, BOX 1450, Alexandrin, VA 22313.1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Gommissloner for Patants, P.O. Box 1450, Alaxandria, VA 22313.1450,

If you nesd assistance in completing tha form, call 1-800-PTO.9199 and select option 2.
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@2 JAN. 13, 2009% 9:55AM™®“>“Cypress Legal (408) 545-6911 RECEIVED  N0.3919 “'p. 4®°r®?
CENTRAL FAXCENTER

JAN 13 2009 PATENT
PM2007027

- ASSIGNMENT

FOR GOOD AND VALUABLE CONSIDERATION, the receipt, sufficiency and adogquacy
of which are hereby acknowledged, the undsrsigned, do hereby: |

SELL, ASSIGN AND TRANSFER to CYPRESS SEMICONDUCTOR CORP. (the
"Assignee™), having a place of bmsiness at 3901 North First Stragt, 8an Josg, CA, 95134 the entire
right, title and inwerest for the United States end all foreign countries, in and to any and all
improvements which are disclosed in the application for Unlted States Letters Patent, which has been
gxecuted by the wndersigned copcumently herewith, and is entitled “MEMORY TRANSISTQR
WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE
ELECTRODE", such application and all divisional, continuing, substitute, renewal, retasuc and all
other applications for patent which have been or shall be filed in the United States and all fareign
countries on auy of such improvements; all eriginal and scissued patents which have been or shall be
issued in tbe United States and all foreign countries on such improvements; and specifically
including the right to fils foreign applications under the provisions of any convention or treaty and
claim priority bassd on such application in the United States;

AUTHOQRIZE AND REQUEST fhe issuing authority to issue amy and all United States and
foreign patents granted on such improvements to the Assipnee;

WARRANT AND COVENANT that no assignment, grant, mortgage, license or other,
agreement affccting the rights and property bereip conveyed has been or will be made to others by

the undersigned, and that the full right to convey the same as herein expressed is posscssed by the
undersigned;

COVENANT that, when roquested and at the expense of the Assignee, to carry out in good
faith the intent and purposc of this assipnment. the undersigned will execute all divisional,
continuing, substitute, renewal, reissue, and all other patent applications on any and all such
improvements; execute all rightful caths, declarations, assignments, powers of attorney and other
papers; communicats to the Assignee all facts known to the undersigned relating to such
improvements and the histary thereof; and generally do everything possible which the Assignee shafl
consider desirable for sccuring, maintaining and tnforcing proper patemt protection for such
improvemsnts and for vesting title to such improvements In the Assignee; and

COVENANT AND AGREE that the sbove is and will be binding oo the beirs, assigns,
representatives and successors of the undersigned and extend to the successors, assigns end nominees
of the Assignee.

TO BE BINDING on the heirs, agsigns, representatives and sucosssors of the undersigned
and extend to the succedsors, assigns and nominees of the Assignss.

Pagelof2
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~ AN 13, 2009 9:55AM™~~<~Cypress Legal (408)545-6911 NO. 3919 .P. b oe.

PATENT
PM2007027

FURTHER COVENANT that all statcronts made of my own knowledge sre trus and that all
staternents made on information and belief ara.beliaved to be true; and further that these statements
were made with the knowledge that willful falsc statemonts and the like 30 made are punishable by
fine or inprisomuent, or both, wnder Ssction 1001 of Title 18 of the United Stateg Code and that such
willful falze statements may jeopardize the validity of the application or arry patent issued thercon.

iy LA s 02/ 27/58

Igor Polishchvk
(Signaturc) Date;

Segy Levy
(Signature) kfw Datezm

-~ NHEAWarny Ramkumnar
Please direet all communication sz follows:
mer No, 5§18
William E. Nuttle, Bsg,
P.O., Bux 4240

Foster City, CA 94404-0240
Ph: (650) 207-3418

Page2 of 2
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lJAN. 13.2009  9:55AM Cypress Legal (408)545-6911 NO. 3919 P 6

PATENT
Pazoom2?

FURTHER COVENAMT that afl swausments miade of my own knowledge are true. and that all
staterients made oi information and belief die believed to:be true; and farther that these statéments
were made with the kriowledge that willful false statements. and ‘the like 5o made.are punishable by
fine or imprisonmett, or buth, under Section 1007.of Title 18 of the Unjted States Code and that such
willful false &mmmemsmay ‘jeopandize the validity of the Application orany Patent issued thereori,

(Signature) Date;

igor Pelishchuk
(Signarure) Wﬂ/’ﬁ Diate: 4& 4.1 ég“ /()‘OJQ
U swies O
(Signams) . . . Date;
 Kuistmaswamy Ramkwnar '

Plesse direct al) commmication as follows:

Customer No. §1885
William E. Nuttle, Bsq:
P.0. Box 4240
Foster City, CA 944040240
Ph; (650)207-3418:

¥agedofl
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Y 11/2172008 @2:88 6502403508 WILLIAM NUTTLE PAGE ©81/83

RECEIVED
CENTRAL FAX CENTER

NOV 2 1 2008

PTO/SB/21 (10.08)
Approved for use through 11/3072008. QMB 0651-0031
. . ] us. Pabem and Tmoemam omm U.S. DEPARTMENT OF COMMERCEA

Apphwuon Numbar 19152,518

TRANSMITTAL Flling Date - May 13, 2008
FORM FIrst Namad nventor \gor Pofichohs
Art Unlt 2812

Examiner Name
{to be used for all comsspondance afer initial filing)

: Attormey Docket Number
~\__ Total Number of Pages in This Sutmission If’ PM2007027 J/

ENCLOSURES  (Check all that apply)

D After Allowance Communication to TC
Fee Tranamittal Forrn Drawing(a)
’ Appeal Communication to Baard

Licensing-related Papers of Appeals and Interferences

D Fee Attached

%

Appaal Communication to TC

[
NOOO OO

Amendment/Reply Petition {Appas! Natice, Brief, Reply Brief)
Petition to Convertto a . "
After Final Provisional Application Proprietary Information
' D Power of Attomey, Revocation
-~ Affidavits/declsration(s) Change of Correspondenca Address Status Lettar
L Other Enclosure(s) (please Identify
Extension of Time Request Terminal Disclaimer below):
Form SB0008a

Express Abandonment Request Request for Refund

LO0OCd 0o

NUO

Information Disclosure Statemeant CD, Number of CD(s)

I:] Landscape Table on CD

Certifiod Copy of Priority | Remarks |
Document(s)

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parls
undar 37 CFR 1.52 or 1.53

og

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name
willlam E. Nume

Signature IA/W/%/W—‘\

Printed name ik E. Nuttle
Date Novamber 21, 2008 ' | Reg. No. I 42,043
r CERTIFICATE OF TRANSMISSION/MAILING . \

1 hereby cortify that this correspondence is being facsimile transmitted to the USPTO or depositad with the United States Postal Service with
sufficient postage as first dase mail in an envelope addressad to: Commissioner for Patants, P.O. Box 1450, Alaxandria, VA 22313-1450 on

the date shown belaw:
== AL
1 4/77/ Ve :
v Y 7 — 4
\Jyped or printed name William E. Nuttle Dste | November 21, 2008 _/

This enﬂacuon ot mbrrnatwn is required by 37 CFR 1.5, The information is requined to obtain or eelain a benefit by the pubm: whizh i3 to filg (and by the USPTO to

) an ap Ity is govamed by 35 U.8.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gatbcnng pranng and submitting the complated epplicatan form to the USPTQ. Time will vary depanding upon the individua! casa. Any commenta on the
amournt of time you fequire to comptete this form and/or suggestions for reducing this burden, should be sert 1o the Chief Infarmation OMoer, L.3. Paten and
Yrademark Offica, L).S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. BO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADORESS, SEND TO: Corr i for F , P.O, Box 1450, Alaxandria, VA 22313-1450.

If you neea assistance in compieting tne rorm, col 1-800-PTO-F199 and Seect oplion 2.
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11/21/2098 02:08 6502403500 WILLIAM NUTTLE

.

RECEIVED PAGE 02/83
CENTRAL FAX CENTER

NOV 21 2008

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: ,
- Igor Polishchuk, et al.
Serial No.: 12/152,518
, Examiner: Not Yet Assigned
Filed: May 13, 2008 '
Art Unit: 2812
Title: Memory Transistor With Multiple :
Charge Storing Layers And A High Atty. Dkt. No.: PM2007027
Work Function Gate Electrode

Commissioner for Patents
P. 0. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
Sir:

Enclosed herewith is a copy of Information Disclosure Citation Form PTO/SB/08a ox
PTO/SB/08b together with copies of documnents cited on that form, except for copies not
required to be submitted (e.g., copies of U.S. patents and U.8. published patent applications):

Pursuant to 37 CFR § 197, the submission of this Information Disclosure Statement shall
not be construcd as a representation regarding the completeness of the list of references, or that
inclusion of a reference in this list is an admussion that it is prior art or is pertinent to this
application, or that a search has been made, or as an admission that the information listed is, or
may be considered to be, material to patentability, or that no other material information exists,
and shall not be construed as an admission against interest in any manner, :

This Information Disclosure Statement is being submitted under the section 37 CFR
§1.97(b). :

Consideration of the listed references and favorable action are respectfully solicited.

Respectfully submitted,

Igor Poli?kuZe\ al.
Dated: November 21, 2008 By: !ﬁw y) / ﬁ

ilihm E. Nuttle, Rbg-No. 42,943
Attorney for the Applicant(s)
P.O. Box 4240
Foster City, CA 94404

: -1-
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11/21/2008 ©2:08 6562403580 WILLIAM NUTTLE V PAGE 03/83

PTOISE/Sa (10-08)
APPIOVeq for use through 11/30/2008, OMB 085100314

© . US. Patem and Tredemark Office; 5. DEPARTMENT OF COMMERCE

nder tha Pa Reducgion Acl of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

St for fom 14BPTO Complete if Known
Appiication Number 112/152 518
Filing Date May 13, 2008
INFORMATION DISCLOSURE e T e
STATEMENT BY APPLICANT  [&tum 2812
(Use as many shoota a8 necessary) Examinar Name
N\ _Sheet [ o 11 Attomey Docket Number |PM2007027
U_S.PATENT DOCUMENTS
Examingf | Gite Document Number Publication Date Narme of Patentee or Pages, Columns, Lines, Whare
Inigiuta* No.! MM-DD-YYYY Applicant of Cited Document Relavant Passages or Relevant
Number-Kind Cade? Figures Appear
US> 7,312,496 06-03-2004 |Hazama
Y% 20070262451 11-15-2006 | Rachmady, et al.
US- 20070246753 10-25-2007 | Chu, etal ’
U 7323742 03-092006 |Georgescu
U% g
US-
us-
Us-
US-
Us-
US-
U&
Us
Us-
Us-
Us-
UE
USs
us-
FOREIGN PATENT DOCUMENTS
Examinar | Cite | Fereign Paiant Document Publication Name of Petentee of Pagas, Colurnns, Linss,
Inifjole® Ne.! . Date Applicant of Clted Document | Where Relovard Pasaages
MM-DD-YYYY Or Refevant Figures Appear | T
Countty Code’ "Number * ¥1ng Code® (if known)
Examiner | Date
Sipnature Considared ]
INER: Inigal atence considered, whather or nof n s in mn!amanca wtl raw ling through ditation 1t nol mzw_mc and not
considered. Indude copy of this form with next ation 10 applican. ' App 8 unkque citaton designation numbsr (optional). 2Seo Kinds Codes ul

USPTO Patent Documents &t www usplo.ggy of MPEP 901.04. * Enter Office that issued the document, by the twodetier code (WIPO Standard ST.5). ¢
patent documents, the indication of the year of the relgn of the Emperor must preceds 1h= :n:riai m.mber of the patent document. "Kind of documert hy

the appropriate symbola s indicated on the document under WIPO Stendard ST.16 tf bl pplicant is to place @ check mark here if English languege
Trangiation i5 attached.

This 1 of irformifian i requl ‘by37CFR197ann198 Tne Informaion is required to obtain ar retaln a banefit by the public which is to fe (and by the
USPTO to an gpplicnti Cor tiality i governad by 35 W.S.C. 122 and 237 CFR 1.14. This coflection ls estimated (o take 2 hours to complete,

including gathering, prepanng, and submitting the mmplsted. eppiicetion form to the USPTQ. Tims will vary dopending upon the individual case. Any comments
on the amourt of ime you require to complts this form andfor auggestiona for reducing this burgen. Should ba sent to the Chief Information Omcer, U.S. Pawant
ang Tredemark Office, P.O. Box 1450, Alaxandria, VA 22813-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Coammiasloner for Patents, P.0O. Bax 1450, Alaxendria, VA 22313-1450.

If you need assistance in completing the form, caff 1-800-PTQ-9199 (1-800-786-8199) and select vption 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.C. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto,gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/152,518 05/13/2008 2812 1030 PM2007027 20
CONFIRMATION NO. 5484
51885 FILING RECEIPT

WILLIAM NUTTLE

P.0. BOX 4240 T

FOSTER CITY, CA 94404

Date Mailed: 07/14/2008

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

Applicant(s)
Igor Polishchuk, Fremont, CA;
Sagy Levy, Zichron Ya'aqov, ISRAEL;
Krishnaswamy Ramkumar, San Jose, CA;
Assignment For Published Patent Application
Cypress Semiconductor Corporation
Power of Attorney: The patent practitioners associated with Customer Number 51885

Domestic Priority data as claimed by applicant
This appln claims benefit of 60/940,160 05/25/2007

Foreign Applications

If Required, Foreign Filing License Granted: 07/11/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/152,518

Projected Publication Date: Request for Non-Publication Acknowledged
Non-Publication Request: Yes

Early Publication Request: No

page 1 of 3
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Title

Memory transistor with multiple charge storing layers and a high work function gate electrode
Preliminary Class

438

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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= © PTO/SB/17 (10-07)
o == Approved for use through 06/30/2010. OMB 0651-0032
nE== © U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
- ":’_—__——’.’:’ Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number

=== 3
B= [ Effective on 12/08/2004. Complete if Known )
NE= Ulees pursuant to the Consolidated Appropniations Act, 2005 (H.R. 4818). —

:_.:"-—__ Application Number

=(3 FEE TRANSMITTAL

Filing Date May 13, 2008
For FY 2008

First Named Inventor

Igor Polishchuk
Examiner Name
D Applicant claims small entity status. See 37 CFR 1.27 -
Art Unit

TOTAL AMOUNT OF PAYMENT | (3) 1070 Attomey Docket No. | PM2007027
. |LMETHOD OF PAYMENT (check all that apply)
: Check |:| Credit Card I:IMoney Order l:l None DOther (please identify)
\ Deposit Account Deposit Account Number: 503467

Deposit Account Name:_William Nuttle, Esq
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)
DCharge fee(s) indicated below

Charge any additional fee(s) or underpayments of fee(s)

[:] Charge fee(s) indicated befow, except for the filing fee
under 37 CFR 1.16 and 1.17
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CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of priority under 35 U.S.C. 119(e) to
U.S. Provisional Patent Application Ser. No. 60/940,160, entitled “SONOS Gate Stack
With Multiple Oxynitride Layers And A High Workfunction Gate Electrode,” filed May

25, 2007, which application is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates generally to semiconductor devices, and more
particularly to integrated circuits including non-volatile semiconductor memories and

methods of fabricating the same.

BACKGROUND OF THE INVENTION

Non-volatile semiconductor memories are devices that can be electrically erased
and reprogrammed. One type of non-volatile memory that is widely used for general
storage and transfer of data in and between computers and other electronic devices is
flash memory, such as a split gate flash memory. A split gate flash memory transistor
has an architecture similar to that of a conventional logic transistor, such as Metal-
Oxide-Semiconductor Field Effect Transistor (MOSFET), in that it also includes a
control gate formed over a channel connecting a source and drain in a substrate,
However, the memory transistor further includes a memory or charge trapping layer
between the control gate and the channel and insulated from both by insulating or
dielectric layers. A programming voltage applied to the control gate traps a charge on
the chargé trapping layer, partially canceling or screening an electric field from the

control gate, thereby changing a threshold voltage (Vi) of the transistor and

2 Cypress ref.:PM2007027
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programming the memory cell. During read-out, this shift in V¢ is sensed by the
presence or absence of current flow through the channel with application of a
predetermined read-out voltage. To erase the memory transistor, an erase voltage is
applied to the control gate to restore, or reverse the shift in V.

An important measure of merit for flash memories is data retention time, which
is the time for which the memory transistor can hold charge or remain programmed
without the application of power. The charge stored or trapped in the charge trapping
layer decreases over time due to leakage current through the insulating layers, thereby
reducing the difference between a programmed fhreshold voltage (VTP) and an erased
threshold voltage (VTE) limiting data retention of the memory transistor.

One problem with conventional memory transistors and methods of forming the
same is that the charge trapping layer typically has poor or decreasing data retention
over time, limiting the useful transistor lifetime. Referring to FIG. 1A, if the charge
trapping layer is silicon (Si) rich there is a large, initial window or difference between
VTP, represented by graph or line 102, and the VTE, represented by line 104, but the
window collapse very rapidly in retention mode to an end of life (EOL 106) of less than
about 1.E+07 seconds.

Referring to FIG. 1B, if on the other hand the charge trapping layer is if a high
quality nitride layer, that is one having a low stoichiometric concentration of Si, the rate
of collapse of the window or Vt slope in retention mode is reduced, but the initial
program-erase window is also reduced. Moreover, the slope of Vt in retention mode is
still appreciably steep and the leakage path is not sufficiently minimized to significantly

improve data retention, thus EOL 106 is only moderately improved.
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Another problem is that increasingly semiconductor memories combine logic
transistors, such as MOSFET's, with memory transistors in integrated circuits (ICs)
fabricated on a common substrate for embedded memory or System-On-Chip (SOC)
applications. Many of the current processes for forming performance of memory
transistors are incompatible with those used for fabricating logic transistors.

Accordingly, there is a need for memory transistors and methods of forming the
same that provides improved data retention and increased transistor lifetime. It is further
desirable that the methods of forming the memory device are compatible with those for

forming logic elements in the same IC formed on a common substrate.

SUMMARY OF THE INVENTION

The present invention provides a solution to these and other problems, and
offers further advantages over conventional memory transistors or devices and methods
of forming the same.

In a first aspect, the present invention is directed to a non-volatile memory
transistor including: (i) an oxide-nitride-oxide (ONO) dielectric stack on a surface of a
semiconductor substrate; and (ii) high work function gate electrode formed over a
surface of the ONO dielectric stack. Preferably, the high work function gate electrode
comprises a doped polycrystalline silicon or polysilicon (poly) layer. More preferably,
the doped polysilicon layer comprises a P+ dopant, such as boron or difluoroborane
(BF3), and the substrate comprises a silicon surface on which the ONO dielectric stack
is formed to form a silicon-oxide-nitride-oxide-silicon (SONOS) gate stack of a NMOS

SONOS memory transistor.
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In certain embodiments, the ONO dielectric stack comprises a multi-layer
charge storage layer including at least a substantially trap free bottom oxynitride layer
and a charge trapping top oxynitride layer. In one version of these embodiments, for
example, the top oxynitride layer is formed under conditions selected to form a silicon-
rich, oxygen-lean oxynitride layer, and the bottom oxynitride layer is formed under
conditions selected to form a silicon-rich, oxygen-rich oxynitride layer.

In another aspect, the present invention is directed to a semiconductor device
including both a non-volatile memory transistor and a metal oxide semiconductor
(MOS) logic transistor and methods of forming the same. The memory transistor
includes an ONO dielectric stack including a multi-layer charge storage layer formed on
a surface of a semiconductor substrate, and a high work function gate electrode formed
over a surface of the ONO dielectric stack. Preferably, the high work function gate
electrode of the memory transistor comprises a doped polysilicon layer. More
preferably, the MOS logic transistor also includes a high work function gate electrode
formed over a gate oxide on the surface of the substrate.

In one embodiment, the high work function gate electrodes of the memory
transistor and the MOS logic transistor comprise a P+ doped polysilicon layer deposited
over the ONO stack and gate oxide on a silicon substrate to form an NMOS SONOS
memory transistor and a P-type (PMOS) logic transistor. The multi-layer charge storing
layer can include, for example, a substantially trap free bottom oxynitride layer and a
charge trapping top oxynitride layer.

In one embodiment, a method of forming such a semiconductor device

comprises steps of: (i) forming an ONO dielectric stack on a surface of a semiconductor
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substrate in at least a first region in which a non-volatile memory transistor is to be
formed, the ONO dielect;'ic stack including a multi-layer charge storage layer; (ii)
forming an oxide layer on the surface of the substrate in a second region in which.a
MOS logic transistor is to be formed; and (iii) forming a high work function gate
electrode on a surface of the ONO dielectric stack. Preferably, the step of forming a
high work function gate electrode on a surface of the ONO dielectric stack comprises
the step of forming a doped polysilicon layer on a surface of the ONO dielectric stack.
More preferably, the step of forming a doped polysilicon layer on a surface of the ONO
dielectric stack further comprises the step of also forming the doped polysilicon layer
on a surface of the oxide layer of the MOS logic transistor form a high work function
gate electrode thereon.

In certain embodiments, the semiconductor substrate includes a silicon surface
over which the ONO dielectric stack is formed, and the step of forming a doped
polysilicon layer comprises the step of forming a P+ doped polysilicon layer to form an
NMOS SONOS memory transistor and a PMOS logic transistor. Generally, the
polysilicon layer can be doped by ion implantation with boron or BF,, before or after
patterning the polysilicon layer, the ONO dielectric stack and the oxide layer to form
gate stacks of the memory transistor and the MOS logic transistor.

In other embodiments, the step of forming the ONO dielectric stack comprises
the step of forming a multi-layer charge storage layer overlying a lower or tunnel oxide
layer on the surface of the substrate, followed depositing or growing an upper or
blocking oxide layer over the multi-layer charge storage layer. Preferably, the step of

forming the multi-layer charge storage layer comprises the step of forming a
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substantially trap free bottom oxynitride layer followed by forming a charge trapping
top oxynitride layer overlying the trap free bottom oxynitriderlayer. More preferably,
the bottom oxynitride layer is formed under conditions selected to form a silicon-rich,
oxygen-rich oxynitride layer, and the top oxynitride layer is formed under conditions
selected to form a silicon-rich, oxygen-lean oxynitride layer. Optionally, the charge
trapping top oxynitride layer formed, for example, in a chemical vapor deposition
(CVD) process using a process gas comprising Bis-TertiaryButylAminoSilane
(BTBAS) selected to increase a concentration of carbon and thereby the number of traps

therein.

BRIEF DESCRIPTION OF THE DRAWINGS

These and various other features and advantages of the present invention will be
apparent upon reading of the following detailed description in conjunction with the
accompanying drawings and the appended claims provided below, where:

FIG. 1A is a graph showing data retention for a memory transistor using a
charge storage layer formed according to a conventional method and having a large
initial difference between programming and erase voltages but which loses charge
quickly;

FIG. 1B is a graph showing data retention for a memory transistor using a
charge storage layer formed according to a conventional method and having a smaller
initial difference between programming and erase voltages;

FIGs. 2A through 2D are partial cross-sectional side views of a semiconductor

device illustrating a process flow for forming a semiconductor device including a logic
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transistor and non-volatile memory transistor according to an embodiment of the
present invention; and

FIG. 3 -is a partial cross-sectional side view of a semiconductor device including
a logic transistor and non-volatile memory transistor comprising high work function

gate electrodes according to an embodiment of the present invention.

DETAILED DESCRIPTION

The present invention is directed generally to non-volatile memory transistor
including a multi-layer charge storage layer and high work function gate electrode to
increase data retention and/or to improve programming time and efficiency. The
structure and method are particularly useful for embedded memory or System-On-Chip
(SOC) applications in which a semiconductor device inc_ludes both a logic transistor and
non-volatile memory transistor comprising high work function gate electrodes formed
on a common substrate.

In the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present
invention. It will be evident, however, to one skilled in the art that the present invention
may be practiced without these specific details. In other instances, well-known
structures, and techniques are not shown in detail or are shown in block diagram form in
order to avoid unnecessarily obscuring an understanding of this description.

Reference in the description to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the invention. The appearances

of the phrase “in one embodiment” in various places in the specification do not
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necessarily all refer to the sarhe embodiment. The term “to couple” as used herein may
include both to directly connect and to indirectly connect through one or more
intervening components.

Briefly, a non-volatile memory transistor according to the present invention
includes a high work function gate electrode formed over an oxide-nitride-oxide (ONO)
dielectric stack. By high work function gate electrode it is meant that the minimum
energy needed to remove an electron from the gate electrode is increased.

In certain preferred embodiments, the high work function gate electrode
comprises a doped polycrystalline silicon or polysilicon (poly) layer, the fabrication of
which can be can be readily integrated into standard complementary metal-oxide-
semiconductor (CMOS) process flows, such as those used fabricate metal-oxide-

semiconductor (MOS) logic transistors, to enable fabrication of semiconductor

~ memories or devices including both memory and logic transistors. More preferably, the

same doped polysilicon layer can also be patterned to form a high work function gate
electrode for the MOS logic transistor, thereby improving the performance of the logic
transistor and increasing the efficiency of the fabrication process. Optionally, the ONO
dielectric stack includes a multi-layer charge storage or charge trapping layer to further
improve performance, and in particular data retention, of the memory transistor.

A semiconductor device including a non-volatile memory transistor comprising
a high work function gate electrode and methods of forming the same will now be
described in detail with reference to FIGs. 2A through 2D, which are partial cross-
sectional side views of intermediate structures illustrating a process flow for forming a

semiconductor device including both memory and logic transistors. For purposes of
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clarity, many of the details of semiconductor fabrication that are widely known and are
not relevant to the present invention have been omitted from the following description.

Referring to FIG. 2, fabrication of the semiconductor device begins with
formation of an ONO dielectric stack 202 over a surface 204 of a wafer or substrate
206. Generally, the ONO dielectric stack 202 includes a thin, lower oxide layer or
tunneling oxide layer 208 that separates or electrically isolates a charge trapping or
storage layer 210 from a channel region (not shown) of the memory transistor in the
substrate 206, and a top or blocking oxide layer 212. Preferably, as noted above and as
shown in FIGs. 2A-2D, the charge storage layer 210 is a multi-layer charge storage
layer including at least a top, charge trapping oxynitride layer 210A and a lower,
substantially trap free oxynitride layer 210B.

Generally, the substrate 206 may include any known silicon-based
semiconductor material including silicon, silicon-germanium, silicon-on-insulator, or
silicon-on-sapphire substrate. Alternatively, the substrate 206 may include a silicon
layer formed on a non-silicon-based semiconductor material, such as gallium-arsenide,
germanium, gallium-nitride, or aluminum-phosphide. Preferably, the substrate 206 is a
doped or undoped silicon substrate.

The lower oxide layer or tunneling oxide layer 208 of the ONO dielectric stack
202 generally includes a relatively thin layer of silicon dioxide (SiO,) of from about 15
angstrom (A) to about 22 A, and more preferably about 18 A. The tunneling oxide layer
208 can be formed or deposited by any suitabl¢ means including, for example, being
thermally grown or deposited using chemical vapor deposition (CVD). In a preferred

embodiment, the tunnel oxide layer is formed or grown using a steam anneal. Generally,
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the process includes a wet-oxidizing method in which the substrate 206 is placed in a
deposition or processing chamber, heated to a temperature from about 700°C to about
850°C, and exposed to a wet vapor for a predetermined period of time selected based on
a desired thickness of the finished tunneling oxide layer 208. Exemplary process times
are from about 5 to about 20 minutes. The oxidation can be performed at atmospheric or
at low pressure.

In a preferred embodiment, the oxynitride layers 210A, 210B, of the multi-layer
charge storage layer 210 are formed or deposited in separate steps utilizing different
processes and process gases or source materials, and have an overall or combined
thickness of from about 70 A to about 150 A, and more preferably about 100 A. The
lower, trap free oxynitride layer 210B can be formed or deposited by any suitable
means including, for example, deposition in a low pressure CVD process using a
process gas including a silicon source, such as silane (SiHy), chlorosilane (SiH;Cl),
dichlorosilane (SiH,Cl,), tetrachlorosilane (SiCly), a nitrogen source, such as nitrogen
(N3), ammonia (NH3), nitrogen trioxide (NOj3) or nitrous oxide (N,0O), and an oxygen-
containing gas, such as oxygen (0) or N>O. In one embodiment the trap free oxynitride
layer 210B is deposited in a low pressure CVD process using a process gas including
dichlorosilane, NH; and N,O, while maintaining the chamber at a pressure of from
about 5 millitorr (mT) to about 500 mT, and maintaining the substrate at a temperature
of from about 700°C to about 850°C and more preferably at least about 780°C, for a
period of from about 2.5 minutes to about 20 minutes. In particular, the process gas can
include a first gas mixture of N,O and NHj3 mixed in a ratio of from about 8:1 to about

1:8 and a second gas mixture of DCS and NH; mixed in a ratio of from about 1:7 to
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about 7:1, and can be introduced at a flow rate of from about 5 to about 200 standard
cubic centimeters per minute (sccm).

The top, charge trapping oxynitride layer 210A can be deposited over the
bottom oxynitride layer 210B in a CVD process using a process gas including Bis-
TertiaryButylAminoSilane (BTBAS). It has been found that the use of BTBAS
increases the number of deep traps formed in the oxynitride by increasing the carbon
level in the charge trapping oxynitride layer 210A. Moreover, these deep traps reduce
charge losses due to thermal emission, thereby further improving data retention. More
preferably, the process gas includes BTBAS and ammonia (NH;) mixed at a
predetermined ratio to pbrovide a narrow band gap energy level in the oxynitride charge
trapping layer. In particular, the process gas can include BTBAS and NH; mixed in a
ratio of from about 7:1 to about 1:7. For example, in one embodiment the charge
trapping oxynitride layer 210A is deposited in a low pressure CVD process using
BTBAS and ammonia NH; at a chamber pressure of from about 5 mT to about 500 mT,
and at a substrate temperature of from about 700°C to about 850°C and more preferably
at least about 780°C, for a period of from about 2.5 minutes to about 20 minutes.

It has been found that an oxynitride layer produced or deposited under the above
conditions yields a trap-rich oxynitride layer 210A, which improves the program and
erase speed and increases of the initial difference (window) between program and erase
voltages without compromising a charge loss rate of the memory transistor, thereby
extending the operating life (EOL) of the device. Preferably, the charge trapping
oxynitride layer 210A has a charge trap density of at least about 1E10/cm?, and more

preferably from about 1E12/cm? to about 1E14/cm?,
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Alternatively, the charge trapping oxynitride layer 210A can be deposited over
the bottom oxynitride layer 210B in a CVD process using a process gas including
BTBAS and substantially not including ammonia (NH3). In this alternative embodiment
of the method, the step of depositing the top, charge trapping oxynitride layer 210A is
followed by a thermal annealing step in a nitrogen atmosphere including nitrous oxide
(N,0), NHj3, and/or nitrogen oxide (NO).

Preferably, the top, charge trapping oxynitride layer 210A is deposited
sequentially in the same CVD tool used to form the bottom, trap free oxynitride layer
210B, substantially without breaking vacuum on the deposition chamber. More
preferably, the charge trapping oxynitride layer 210A is deposited substantially without
altering the temperature to which the substrate 206 was heated during deposition of the
trap free oxynitride layer 210B.

A suitable thickness for the lower, trap free oxynitride layer 210B has been
found to be from about 10 A to about 80 A, and a ratio of thicknesses between the
bottom layer and the top, charge trapping oxynitride layer has been found to be from
about 1:6 to about 6:1 , and more preferably at least about 1:4.

The top oxide layer 212 of the ONO dielectric stack 202 includes a relatively
thick layer of SiO; of from about 20 A to about 70 A, and more preferably about 45 A.
The top oxide layer 212 can be formed or deposited by any suitable means including,
for example, being thermally grown or deposited using CVD. In a preferred
embodiment, the top oxide layer 212 is a high-temperature-oxide (HTO) deposited
using CVD process. Generally, the deposition process includes exposing the substrate

308 to a silicon source, such as silane, chlorosilane, or dichlorosilane, and an oxygen-
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containing gas, such as O, or N>O in a deposition chamber at a pressure of from about
50 mT to about 1000 mT, for a period of from about 10 minutes to about 120 minutes
while maintaining the substrate at a temperature of from about 650°C to about 850°C.

Preferably, the top oxide layer 212 is deposited sequentially in the same tool
used to form the oxynitride layers 210A, 210B. More preferably, the oxynitride layers
210A, 210B, and the top oxide layer 212 are formed or deposited in the same tool used
to grow the tunneling oxide layer 208. Suitable tools include, for example, an ONO
AVP, commercially available from AVIZA technology of Scotts Valley, California.

Referring to FIG. 2B, in those embodiments in which the semiconductor device
is to further include a logic transistor, such as a MOS logic transistor, formed on the
surface of the same substrate the ONO dielectric stack 202 is removed from a region or
area of the surface 204 in which the logic transistor is to be formed, and an oxide layer
214 the formed thereon.

Generally, the ONO dielectric stack 202 is removed from the desired region or
area of the surface 204 using standard photolithographic and oxide etch techniques. For
example, in one embodiment a patterned mask layer (not shown) is formed from a
photo-resist deposited on the ONO dielectric stack 202, and the exposed region etched
or removed using a low pressure radiofrequency (RF) coupled or generated plasma
comprising fluorinated hydrocarbon and/or fluorinated carbon compounds, such as
CyH,F4 commonly referred to as Freon®. Generally, the processing gas further includes
argon (Ar) and nitrogen (N3) at flow rates selected to maintain a pressure in the etch

chamber of from about 50 mT to about 250 mT during processing.
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The oxide layer 214 of the logic transistor can include a layer of SiO; having a
thickness of from about 30 to about 70 A, and can be thermally grown or deposited
using CVD. In one embodiment, the oxide layer 214 is thermally grown using a steam
oxidation process, for example, by maintaining the substrate 206 in a steam atmosphere
at a temperature of from about 650°C to about 850°C for a period of from about 10
minutes to about 120 minutes.

Next, a doped polysilicon layer is formed on a surface of the ONO dielectric
stack 202 and, preferably, the oxide layer 214 of the logic transistor. More preferably,
the substrate 206 is a silicon substrate or has a silicon surface on which the ONO
dielectric stack is formed to form a silicon-oxide-nitride-oxide-silicon (SONOS) gate
stack of a SONOS memory transistor.

Referring to FIG. 2C, forming of the doped polysilicon layer begins with the
deposition of a conformal polysilicon layer 216 having a thickness of from about 200
A to about 2000 A over the ONO dielectric stack 202 and the oxide layer 214. The
polysilicon layer 216 can be formed or deposited by any suitable means including, for
example, deposition in a low pressure CVD process using a silicon source or precursor.
In one embodiment the polysilicon layer 216 is deposited in a low pressure CVD
process using a silicon containing process gas, such as silane or dichlorosilane, and N,
while maintaining the substrate 206 in a chamber at a pressure of from about 5 to 500
mT, and at a temperature of from about 600°C to about 1000°C for a period of from
about 20 minutes to about 100 minutes to a substantially undoped polysilicon layer. The

polysilicon layer 216 can be formed or grown directly as a doped polysilicon layer
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through the addition of gases such as phosphine, arsine, diborane or difluoroborane
(BF,) to the CVD chamber during the low pressure CVD process.

In one embodiment, the polysilicon layer 216 is doped following the growth or
formation in the LPCVD process using ion implantation process. For example, the
polysilicon layer 216 can be doped by implanting boron (B*) or BF; ions at an energy of
from about 5 to about 100 kilo-electron volts (keV), and a dose of from about 1e14 cm™
to about lel6 cm? to form an N-type (NMOS) SONOS memory transistor and,
preferably, a P-type (PMOS) logic transistor having high work function gate electrodes.
More preferably, the polysilicon layer 216 is doped to a concentration or dose selected
so that the minimum energy needed to remove an electron from the gate electrode is
from at least about 4.8 electron volts (eV) to about 5.3 eV.

Alternatively, the polysilicon layer 216 can be doped by ion implantation after
patterning or etching the polysilicon layer and the underlying dielectric layers. It will be
appreciated that this embodiment includes additional masking steps to protect exposed
areas of the substrate 206 surface 204 and/or the dielectric layers from receiving
undesired doping. However, generally such a masking step is included in existing
process flows regardless of whether the implantation occurs before or after patterning.

Referring to FIG. 2D, the polysilicon layer 216 and the underlying dielectric
stack 202 and oxide layer 214 are patterned or etched to form high work function gate
electrodes 218 of the memory transistor 220 and logic transistor 222. In one
embodiment polysilicon layer 216 can be etched or patterned using a plasma comprising
hydrobromic acid (HBr), chlorine (CL;) and/or oxygen (O,) at a pressure of about 25

mTorr, and a power of about 450 W. The oxide layers 208, 212, 214, and oxynitride
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layers 210A, 210B, can be etched using standard photolithographic and oxide etch
techniques as described. For example, in one embodiment the patterned polysilicon
layer 216 is used as a mask, and the exposed oxide layers 208, 212, 214, and oxynitride
layers 210A, 210B, etched or removed using low pressure RF plasma. Generally, the
plasma is formed from a processing gas comprising a fluorinated hydrocarbon énd/or
fluorinated carbon compounds, and further including Ar and N; at flow rates selected to
maintain a pressure in the etch chamber of from about 50 mT to about 250 mT during
processing.

Finally, the substrate is thermal annealed with a single or multiple annealing
steps at a temperature of from about 806 °C to about 1050 °C for a time of from about
Isecond to about 5 minutes to drive in ions implanted in the polysilicon layer 216, and
to repair damage to the crystal structure of the polysilicon layer caused by ion
implantation. Alternatively, advanced annealing techniques, such as ﬂasﬁ and laser, can
be employed with temperatures as high as 1350 °C and anneal times as low as 1
millisecond.

A partial cross-sectional side view of a semiconductor device 300 including a
logic transistor 302 and non-volatile memory transistor 304 comprising high work
function gate electrodes according to an embodiment of the present invention is shown
in FIG. 3. Referring to FIG. 3, the memory transistor 304 is formed on a silicon
substrate 306 and comprises a high work function gate electrode 308 formed from a
doped polysilicon layer overlying a dielectric stack 310. The dielectric stack 310
overlies and controls current through a channel region 312 separating heavily doped

source and drain (S/D) regions 314. Preferably, the dielectric stack 310 includes a
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tunnel oxide 316, a multi-layer charge storage layer 318A, 318B, and a top or blocking
oxide layer 320. More preferably, the multi-layer charge storage layer 318A, 318B,
includes at least a top, charge trapping oxynitride layer 318A and a lower, substantially
trap free oxynitride layer 318B. Optionally, as shown in FIG. 3, the memory transistor
304 further includes one or more sidewall spacers 322 surrounding the gate stack to
electrically insulate it from contacts (not shown) to the S/D regions 320 and from other
transistors in the semiconductor device formed oﬁ the substrate 306.

The logic transistor 302 comprises a gate electrode 324 overlying an oxide layer
326 formed over a channel region 328 separating heavily doped source and drain
regions 330, and, optionally, can include one or more sidewall spacers 332 surrounding
the gate electrically insulate it from contacts (not shown) to the S/D regions. Preferably,
as shown in FIG. 3, the gate electrode 324 of the logic transistor 302 also comprises a
high work function gate electrode formed from a doped polysilicon layer.

Generally, the semiconductor device 300 further includes a number of isolation
structures 334, such as a local oxidation of silicon (LOCOS) region or structure, a field
oxidation region or structure (FOX), or a shallow trench isolation (STI) structure to
electrically isolate individual transistors formed on the substrate 306 from one another.

The foregoing description of specific embodiments and examples of the
invention have been presented for the purpose of illustration and description, and
although the invention has been described and illustrated by certain of the preceding
examples, it is not to be construed as being limited thereby. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and many

modifications, improvements and variations within the scope of the invention are
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possible in light of the above teaching. It is intended that the scope of the invention
encompass the generic area as herein disclosed, and by the claims appended hereto and
their equivalents. The scope of the present invention is defined by the claims, which
includes known equivalents and unforeseeable equivalentsvat the time of filing of this

application.
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IN THE CLAIMS

WHAT IS CLAIMED IS:

1. A non-volatile memory transistor comprising:

an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor
substrate; and |

high work function gate electrode formed over a surface of the ONO dielectric

stack.

2. A memory transistor according to claim 1, wherein the high work

function gate electrode comprises a doped polysilicon layer.

3. A memory transistor according to claim 2, wherein the semiconductor
substrate comprises a silicon surface on which the ONO dielectric stack is formed to
form a silicon-oxide-nitride-oxide-silicon (SONOS) gate stack of a SONOS memory

transistor.

4. A memory transistor according to claim 3, wherein the doped polysilicon

layer comprises a P+ dopant to form a NMOS SONOS memory transistor.

5. A memory transistor according to claim 4, wherein the P+ dopant

comprises boron or difluoroborane (BF,).

6. A memory transistor according to claim 1, wherein the ONO dielectric

stack comprises a multi-layer charge storage layer.
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7. A memory transistor according to claim 6, wherein the multi-layer
charge storing layer comprises at least a substantially trap free bottom oxynitride layer

and a charge trapping top oxynitride layer.

8. A memory transistor according to claim 7, wherein the top oxynitride
layer is formed under conditions selected to form a silicon-rich, oxygen-lean oxynitride
layer, and the bottom oxynitride layer is formed under conditions selected to form a

silicon-rich, oxygen-rich oxynitride layer.

9. A semiconductor device including a non-volatile memory transistor
comprising:

an oxide-nitride-oxide (ONO) dielectric stack on a surface of a semiconductor
substrate, the ONO dielectric stack including a multi-layer charge storage layer; and

a high work function gate electrode formed over a surface of the ONO dielectric

stack.
10. A semiconductor device according to claim 9, further comprising a metal

oxide semiconductor (MOS) logic transistor including a gate oxide and a high work

function gate electrode.
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11. A semiconductor device according to claim 10, wherein at least one of
the high work function gate electrode of the memory transistor and the high work

function gate electrode of the logic transistor comprises a doped polysilicon layer.

12. A semiconductor device according to claim 11, wherein the doped

polysilicon layer comprises a P+ dopant.

13. A semiconductor device according to claim 12, wherein the P+ dopant

comprises boron or difluoroborane (BF).

14. A semiconductor device according to claim 12, wherein the
semiconductor substrate comprises a silicon surface over which the ONO dielectric
stack is formed, and wherein both the high work function gate electrode of the memory
transistor and the high work function gate electrode of the logic transistor comprise a P+
doped polysilicon layer to form an N-type (NMOS) silicon-oxide-nitride-oxide-silicon

(SONOS) memory transistor and a P-type (PMOS) logic transistor.
15. A semiconductor device according to claim 9, wherein the multi-layer

charge storing layer comprises at least a substantially trap free bottom oxynitride layer

and a charge trapping top oxynitride layer.
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16. A method of forming a semiconductor device comprising steps of:

forming an oxide-nitride-oxide (ONO) dielectric stack on a surface of a
semiconductor substrate in at least a first region in which a non-volatile memory
transistor is to be formed, the ONO dielectric stack including a multi-layer charge
storage layer;

forming an oxide layer on the surface of the substrate in a second region in
which a metal oxide semiconductor (MOS) logic transistor is to be formed; and

forming a high work function gate electrode on a surface of the ONO dielectric

stack,

17. A method according to claim 16, wherein step of forming a high work
function gate electrode on a surface of the ONO dielectric stack comprises the step of

forming a doped polysilicon layer on a surface of the ONO dielectric stack.

18. A method according to claim 17, wherein the step of forming a doped
polysilicon layer on a surface of the ONO dielectric stack further comprises the step of
also forming the doped polysilicon layer on a surface of the oxide layer of the MOS

logic transistor form a high work function gate electrode thereon.

19. A method according to claim 18, wherein the semiconductor substrate
comprises a silicon surface over which the ONO dielectric stack is formed, the doped
polysilicon layer comprises a P+ dopant, and wherein the method further comprises the

steps of patterning the he doped polysilicon layer, the ONO dielectric stack and the
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oxide layer to form an N-type (NMOS) silicon-oxide-nitride-oxide-silicon (SONOS)

memory transistor and a P-type (PMOS) logic transistor.

20. A method according to claim 16, wherein the step of forming an ONO
dielectric stack including a multi-layer charge storage layer comprises the steps of
forming at least a substantially trap free bottom oxynitride layer followed by forming a

charge trapping top oxynitride layer.
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ABSTRACT OF THE DISCLOSURE

Semiconductor devices including non-volatile memory transistors and methods
of fabricating the same to improve performance thereof are provided. In one
embodiment, the memory transistor comprises an oxide-nitride-oxide (ONO) stack on a
surface of a semiconductor substrate, and a high work function gate electrode formed
over a surface of the ONO stack. Preferably, the gate electrode comprises a doped
polysilicon layer, and the ONO stack comprises multi-layer charge storing layer
including at least a substantially trap free bottom oxynitride layer and a charge trapping
top oxynitride layer. More preferably, the device also includes a metal oxide
semiconductor (MOS) logic transistor formed on the same substrate, the logic transistor
including a gate oxide and a high work function gate electrode. In certain embodiments,
the dopant is a P+ dopant and the memory transistor comprises N-type (NMOS) silicon-
oxide-nitride-oxide-silicon (SONOS) transistor while the logic transistor a P-type

(PMOS) transistor. Other embodiments are also disclosed.
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of informs a yalid O

SRS A goliesto nformatlon unlass it ai 3
ADRITIONAL INVENTOR(S)
DECLARATION Supplemental Sheet baca.l .
200 ——— Ol —x/
Name of Additlonal Joint Inventor, if any: D A petition has been filed for this unsigned inventor
Given Name (first and middle (if any)) Family Name or Sumame
Sagy Levy
Inventor's
Signature Date
Zichron Ya'aqov N/A lzrael 15re)
Residence: City State Country Clizenship
44 YigakAlon Street
Maeiling Address
Zichron Ya'agov N/A 30900
City State Zip Country
Name of Additional Joint Inventor, if any: D A petition has been filed for this unsigned inventor
Given Name (first and middle (If any)) Family Name or Sumame
Ketshnaswamy Ramkumar
inventor's K re et L g Ef-{y / /
Signatura Date 3 53 o 2
p——T
San Jose CA U.SA U.E.A,
Residence: City State Country Cltizenzhlp
1193 Lynbrook Way
Mailing Address
San Jose CA 95429 U.B.A
Clty State Zip Country
Name of Additional Joint Inventar, if any: D A patition has bean filed for this unsigned invantor
Given Name (first and middie (If any)) Family Name or Sumame
Inventor's
Signature Date
Resldenca: Clty State Country Citizenship
Malling Addrass
City State Zlp Country

e -
Thiz collaction of Information is required by 35 U.5.C. 115 and 37 CFR 1,63, The Information s requited to obtain or retain 8 beneflt by the public which is to Me
(and by the USPTQ {o process) en application. Confidentially Is governad by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. Thig callpgtion I$ estimated to take 21
minuts to camplete, Including gathering, preparing, and submilting the completed application form 1o the USFTX, Timo will vary dapending upon the individul
¢ase, Any comments on the amount of timo you requite to camplete this form and/or suggestions for redueing this burden, should be sant ta tha Chief Information
Officar, U.S. Patent and Tragemark Office, U.S. Department of Commerce, P.0), Box 1450, Alexandria, VA 22313-1450. DG NO'T SEND FEES OR GOMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissloner for Patents, P,0, Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select aption 2.
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PTOISBIOT (07-07)
Approved for use through 06/30/2010, OMB 0651-0032
U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no s are required to respond to a coliection of information uniess ¢ contains a valid OMB control number.
Attorney Docket PM2007027
( DECLARATION FOR UTILITY OR Number \
DESIGN First Named Inventor Igor Polishchuk
PATENT APPLICATION COMPLETE IF KNOWN
(37 CFR1.63) Application Number
Declaration Declaration Filing Date
Submitted OR Submitted after Initial . 5 / l 3 _! 0 6
With Initia! Filing (surcharge Art Unit
Filing (37 CFR 1.16 (e))
K required) Examiner Name
| hereby declare that:

Each inventor's residence, mailing address, and citizenship are as stated below next to their name.
I believe the inventor(s) named below to be the original and first inventor(s) of the subject matter which is claimed and for
which a patent is sought on the invention entitled:

MEMORY TRANSISTOR WITH MULTIPLE CHARGE STORING LAYERS AND A HIGH
ORK FUNCTION GATE ELECTRODE

(Title of the Invention)
the specification of which

is attached hereto
OR
D was filed on (MM/DD/YYYY) [ as United States Application Number or PCT International

Application Number [:: and was amended on (MM/DD/YYYY)

| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as
amended by any amendment specifically referred to above.

(if applicable).

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for
continuation-in-part applications, material information which became available between the filing date of the prior application
and the national or PCT international filing date of the continuation-in-part application,

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any foreign application(s} for patent,
inventor's or plant breeder’s rights certificate(s), or 365(a) of any PCT interational application which designated at ieast one
country other than the United States of America, listed below and have also identified below, by checking the box, any foreign
application for patent, inventor's or plant breeder’s rights certificate(s), or any PCT international application having a filing date
before that of the application on which priority is claimed,

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Numberis) Country (ANMDDIYYYY) Not Claimed YES

] L
LJ L] [
L] L] [
L]

U} Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto,

{Page 1 0f 2)
This collection of information Is required by 35 U $. C 115 and 37 CFR 1.63. The information s required o obtain or retain a benefit by the public which is to file
(and by the USPTO to p an appli y I8 g d by 35 U.S.C. 122 and 37 CFR 1.11.and 1.14. This collection is estimated to take 21
minutes to complete, mﬁudlng gathering, paﬂug. and wbmmmg the completed application farm 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.5. Patent and Trademark Office, U.S, Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: C for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
i you need assistance completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SBIG1 (07-07)

Approved for use through 06/30/2010, OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
lection of information uniess it contains a valid OMB control number,

DECLARATION — Utility or Design Patent Application

Direct all The address R [ Comespondence,
correspondence to: associated with 51885 address below
Customer Number;

Name

Address

City State ZIP

Country Telephone Email

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account.numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by
the USPTO to support a petition or an appilication. If this type of personal information is included in documents. submitted to
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting
them to the USPTO. Petitionerfapplicant is advised that the record of a patent application is available to the public after
publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application)
or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the
application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card
authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not
publicly available.

| hereby declare that all statements made herein of my own knowledge are true and that ali statements made on information
and belief are believed to be true; and. further that these statéments were made with the knowledge that wiliful false
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such wiliful
false statements may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRSY INVENTOR: l D A petition has been filed for this unsigned inventor
Given Name (first. and middle [if any]) Farnily Name or Surname
igor Polishechuk
inventor's Signature Date
Residence: City State Country Citizenship
Fremont CA USA. U.S.A.
Mailing Address
143355 Paseo Padre Pkwy.
City State Zip ‘Country
Fremont. CA 94539 U.SA,
Additional or 4 legal rep: tative are being named on the 1 supplementsat sheet{s) PTO/SB/O2A or O2LR attached hereto.

[Page 2 of 2}
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PTOrSBAZA (07-07).
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the P, Reduction Act of 1885 no are required to res to a collection of i o) s it comaing a vi MB | number.
ADDITIONAL INVENTOR(S)
DECLARATION Supplemental Sheet
Page of 1 ,
Name of Additional Joint Inventor, if any: D A petition has been filed for this unsigned inventor
‘ Given Name:(first and middle (if.any)) Family Name or- Sumame
sagy s Levy
A o~ /
inventor's * LA ' Y
Signature & A Date OMBZ / 0/ ')?)
= » N 5/‘ . LK 4 4
Zichron Ya'agov o’ NiA tsraet Israel
Residence: City State. Country Citizenship
44 Yigal-Alon Street
Mailing Address
Zichron Ya'aqov N/A 30800
City Slate Zip Country
Name of Additional Joint Inventor, if any: D A petition has been filed for this unsigned inventor
Given Name (first and middle (if any)) Family Name or Sumame A
Krishnaswamy ' Ramkumar
Inventor's
Signature Date
San Jose cA USA. U.S.A.
Residence: City State Country Citizenship
1193 Lynbrook Way
Mailing Address
San Jose CA 85128 US.A
City State Zip Country
Name of Additional Joint Inventor, if any: D A petition has been filed for this unsigned inventor
Given Name (first and middle (if any)) Famnily Name or Sumame
Inventor's
Signature Date
Residence: City State Country Citizenship
Maiting Address
City State RE) Couintry
This collection of ¥dormation is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain-or retain 3 benefit by the public which is to file
(and by the USPTO to p ) an C ality is g d by 35 U.S.C. 122 and 37 CFR 1.11 and '1.14. This collection is estimated (o take 21
minutes to complete, lndudlng gathering, prepamg, and submitting the complated application form to the USPTO. Time witl vary d upen the indivigual

case. Any-comments on the amount of time you require.to complete this rnrm andfor suggestions for reducing this burden, should be sent to the Chief Infarmation
Ofticer, U.S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450,

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.

Sandisk Technologies, Inc. - Ex. 1038, Page 000145



V3/031 2008 LZILZ qaugzdza4l ¢ MFQ FAGE  vo/s vy

FYGISB/8Y (01-08)

Approved for uge through 12/31/2008. OMB 08510036

U.S, Patent and Tredemark Office; U.S. DEPARTMENT OF COMMERGE
T.

Appllcation Number not yet known )
POWER OF ATTORNEY Filing Date > 13 (U]
| _Fliing Date
Flrst Named Inventor Igor Palishehuk
and VERORY TRANSISTOR WITH ’T&IgIPLEUCNHé\ﬁgs
STORING LAYERS AND A HI RK
CORRESPONDENCE ADDRESS | " GATE ELECTRODE
Kknown
INDICATION FORM Art Unit an
| Examiner Namo unknown
\_ Attomoy Dacket Number | PM2007027 y,

| hereby revake all previous powers of ettornay given in the above-idertified application.

| heraby appoint:

Practitioners agsociated with the Customer
Number: 51885
OR

[ Practitloner(s) named below:

Name Ragistration Number

a8 my/our attomey(s) or agent(s) to prosecute the spplication identified above, and to transact all business in tha United States
Patent and Tradamark Office connected therewith.

Please recognize or change the correspondence address for the above-identified application to;

The addarass assoclated with the above-mentioned Customer Number

OR
[[] The address sescciated with Customer Numbar:

OR

[ Firm or
Individual Name

Address

City | state | [ze |
Country
Talephone I Fax I

1am the;

Applicantinventor.

[ Assignee of record of the entlre interest. Sae 37 CFR 3.71.

Statement under 37 GFR 3. 73(b) is encilosed, (Form PTO/SE/96)
SIGNATURE of Applicant or Assignee of Racord

Signature I Date I 02/2 7/0}’
Name igor Polishchuk d l Telophone l Zoy S8
Title and Company %{, P2 Sepma (o Pt o foc

NOTE: Signaturas of 8!l the Inventors br asaignees of racord of tha entira Intarast or their reprasentativels) are required. Submit multiple forms If more
than one signatura i required, see balow*,

*Total of 3 fonms are submitted,

This golloxtion of information Ix required by 37 CFR 1.31 and 1.33. The Information 19 required to obtain or retain & béneft by the publia which ix ta fie {And by the USFTO to process)
on application. Corflapntlanty ta govemsd by 35 U.S.C. 122 and 37 CFR 4.11 and 1.44. This colieation i asiimatad 1o l8ke 3 miRulea to complmts, ncluding gathoring, praparing, and
submitting the compintad application form to the USPTO. Time will vary depsnding upon the individunt cama, Any 118 on the ameunt of Ima you requlre to complaia this form
angior suggastions for reduoing this burden, should be rent ta Ihe Chist Iny r, U.S. Patert ond Trodomark Offica, U.8. D ares, P.O. Box 1480,

p

ormation Office! L of Compmal
:;\l‘as:;:nddn, VA 22313.1450. DO NOT BEND FEES OR COMPLETED FORMS TO THIS AUDRESS, SEND TO: Commiasioner fer Patents, P.0, Bux 1450, Aloxangiia, VA 22313-
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PTO/SB/B1 {01-08)
Approved for use through 12/31/2008, OMB 0851-0035
U.8. Patent and Trademark Office: U.S, DEPARTMENT OF COMMERCE
i,
Application Number not yet known ,
POWER OF ATTORNEY Flllng Date S~13 ’05
d First Named Invantor JgorPolishchok  ~ |
an MEMORY TRANGISTOR WiTH MULTIPLE CHARGE
STORING LAYERS AND A HIGH WORK FUNCTION
CORRESPONDENCE ADDRESS | ™ CATE ELECTRODE
kn
INDICATION FORM Art Unit bl
Examiner Name unknown
K Attorney Docket Number PM2007027 /

| hereby revoke all previous powers of attorney given in the above-identified application,

[ hereby appoint;

Practitionsrs associatad with tha Customer
Number: 51885

OR
[ Practitionet(s) named balow:

Name Registration Number

as my/our attorney(s) or agent{s) to prosecute the application Identified above, and to transact all business in the United States
Patent and Trademark Office connacted therewith,

Please recognize or change the correspondence address for the above-identified application to;

E The address assoclaled with the above-mentloned Custormer Number

OR
] The address associated with Custamer Number:

OR

OFmor
Indlvidual Name

Address

City | state | |z |
Country

Telephone I Fax I

lam the:
Applicant/inventor,

O Assignee of record of the entire interest. See 37 CFR 3.71,
Statement under 37 CFR 3. 73(b) is encilosed. (Form PTO/SE/BE)

SIGNATURE of Applicant or Assignea of Racord

Signature [<erreaee e fr | pate | 3/3 /o

Name Krtshfaswamy Ramkumar ] Telephons
Tite and Company | $X° Mtwa Ber. of- Techn!al S‘—u_“ L CY ek S&Mu‘mmdudt

NOTE: Signaturas of afl the mventors or assignees of recard of the antire Interast or thelr raprasentative(s) are reduired, Submit multiple forms If more
then one signature la required, see balew™.

*Total of 3 forms are submitted.
This collaction of Infamatien Iz roquired by 37 CFR 1,31 and 1,33, The Informallon is rduirad la abtain or retan  banafll by the public which is % filo (ord by the USPTO ta progass

an appilcatian, Confiaentiality 8 povemad by 36 U.8.C. 122 and 37 CFR 1,11 and 1,14, This s to take 3 mi| to complets, Indsadlngb;ulhnﬂng. pmpnrr:ng. rmc,
submilting the complated appication (amm ta the USPTO. Tima will vary depanding wpon the indMiduel case. Any commants on fha Amount of tme You reduite (o completo thia form
and/or auggeations for raducing this burden, should be sanl lo tho Chiof tnformution Officer, V.8, Patent and Trademars Offico, U.S. Deparimant of Commerce, P.O. Box 1460,
Aloxandre, VA £2313-1450. DO NOT SENDR FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO: Commisaloner for Patents, P.D. Box 1480, Aloxandria, VA 22313,

(IR W]
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PTO/SBIB1 {01-06)
Approved for use through 12/31/2008. OMB 08510035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

i di f.

Appli Number not yet known
POWER OF ATTORNEY | Filing Date £-13-04
and Flrst Named Inventor tgor Polishchuk
MEMORY TRANSISTOR WITH MULTIPLE CHARGE
STORING LAYERS AND A HIGH WORK FUNCTION
CORRESPONDENCE ADDRESS | ™"° GATE ELECTRODE
ki
INDICATION FORM Art Uit unknown
Examiner Name unknown
Attornay Docket Number PM2007027

| hereby revoke all previous powaers of attorney given in the above-identified application.

{ hereby appoint;

Practitioners associated with the Customer
Number: 51885
OR

[ Practitioner(s) named.below:

Name Registration Number

as mylour attorney(s) or agent(s) to prosecute the application identified above, and to transact all business in the United States
Patent and Trademark Office connected therewith,

Please recognize or chan ge the correspondence zddress for the above-identified application to:

QE The address associated with the above-mantioned Cus torner Number

OR
[0 The address associated with Customer Number:

OR

] Firm or
Individual Name

Address

City [ State [ jznp i

Country

Telephene, l Fax I

fam the:
Applicant/inventor.

[J Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96)

SIGNATURE of Applicant or Assignee of Record

Signature Q_ﬂ[j Z/A l Date I /&’Iﬂ r(j? - [U"‘ aR

Name Sagy Levy / A ]Telephone I

Title and Company v

NOTE: Signatures of all the Inventors of assignees of record of the erre interest or their representative(s) are required. Submit multiple forms if more

ihan one signature is required. see below”.
X *Total of 3 forms are submitted.
This wbm:m of m«nauun 3 roqtma by 37 CFR 1.31 and 1,33, The information is requifed 1o obtain of retain a benefit by the pablic which is to fie (and by the USF’TO 1o process,

an is oy by 35U.S.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 3 minutes to complete, induding gathering, preparing, and
submitting the compietad appication foan 0 the USPTO. Timo wil vary upon the ; case, Any Mmmomwfumoywrcqunmcomwme this form
and/or supgestions for reducing this durdsn, should ba sant to the Chief Information Officer, U.S. Patent ana T Office, U.S. O of G P.O. Box 1450,

Alexandnia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Cammissionor tor Patents, , PO, Box 1450, Aloxandria, VA 22313
1450,
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" PATENT APPLICATION SERIAL NO.__

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

05/19/2008 SSITHIBL 00000017 12152518

SRR TR

02 FC:1011 : ' .
03 FLit] 210:00 tp
04 FC:1311 . 210.00 0p
PTO-1556
(587

- *U.S. Government Ptintin'g Office: 2002-'_489-267_169033
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PTO/SBI06 (10-07)
Apptwed for use througti 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

UMuﬁquRoducﬁonMd1W5|ggm ¢ Mﬁmmammam uniess it displays a valid OMB control number.
PATENT APPLICATION FEE DETERMINATION RECORD , Appiication or Docket Number '
Substitute for Form PTO-875 NMAS KT\ D
APPLICATION AS FILED - PART| .. o o OTHER THAN
’ (Column 1) Column 2) . SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED INUMBER EXTRA RATE ($) FeE(s) | rRATE(S) .| FEE(S)
BASICFEE NA A ‘WA ' NA
| (37 CFR 1.16(a), (b), or (<)) ) $155 ; $310
-] SEARCH FEE B . - $255 $510
(7 CFR 146, (), or (m)) NA NA AL NA -
EXAMINATION FEE P ‘ $105 $210
&7 OFR 1160, 6.0 (@) NA NA ) NA NA
TOTAL CLAIMS , S ~— . ) )
(37 CFR 1.16() XQ * minus20 = | A Ix ses= 1 or | xé% =
INDEPENDENT CLAIMS ) = — :
@7 CFR 1.1600) N minus3 = | - xsos= | . X $210 =
: . If the specification and drawings exceed 100 .
APPLICATION SIZE sheets of paper, the application size fee due : : :
FEE : is $260 ($130 for small entity) for each ) $130 . -} s$260
(37 CFR 1.16(s) additional 50 shesets or fraction thereof. See . :
: 35 U.S.C. 41(a)(1XG) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16) : . 3188 $370
* i the difference in column 1 Is fess than zero, enter *0° in column 2. | TotAL : tora VAT
APPLICATION AS AMENDED - PARTHl 4 :
. - : b or - OTHERTHAN
(Column 1) {Column2)  (Column 3) SMALL ENTITY : SMALL ENTITY
CLAIMS HIGHEST | . : ,
1 < REMAINING : _ NUMBER PRESENT | .| RATE(S) ADDI- | RATE ($) ADDI-
. AFTER - | PREVIOUSLY | EXTRA - : TIONAL ) TIONAL
E AMENDMENT | . - PAID FOR . __FEE(S) : FEE (§)
w Total . Minus | *~ o = S ' N ’
= (TCFR1.160) . } X §25 = OR .| X 85 =
€ | independont . Minus | ** = , L
ﬁ O CFR 1.15(W)) . X $105 = OR X $210 =
5 | Application Size Fee (37 CFR 1.16(s))
_FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) ' $185 OR | - s3n0 i
’ TOTAL - TOTAL
ADD'LFEE { OR  ADD1 FEE
(Column 1) (Cotumn2)  (Column 3) '
- CLAIMS HIGHEST , - v .
@ REMAINING NUMBER PRESENT RATE ($) ADDI- RATE ($) _ADDI-
AFTER PREVIOUSLY | EXTRA TIONAL . TIONAL
' E AMENDMENT PAID FOR : : FEE($) FEE(S) |
Wl Tota . Minus | * = . . o -
g (7 CFR 1.16@) : . : . X $26 = ) OR [.X.850 =
tndepandord | * . Mi ) = _ b
E @7 CFR L160N) e 1 . X $1056 = | [ OR | X $210 =
= [ Application Size Fee (37 CFR T 16(s)) ‘ K
< , . g -
| PIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()) $185 -1 or $370
' TOTAL or TOTAL
_ . ADD'L FEE ADD'L FEE
* K the entry in column 1 is less than the entry in column 2, write °0" in column 3. ‘ , ,
** K the “Highest Number Previously Paid For® IN THIS SPACE is'léss than 20, enter “20". ' . .
= {f the *Highest Number Previously Paid For” IN THIS SPACE Is fess than 3, enter *3". ) P
The “Highest Number Previously Paid For” (Total or Is the highest number found in the a| riate box in column 1.

This collection of information Is required by 37 CFR 1.16. The information s required to obtain or retain a benefit by the public which is fo fie (and by the
USPTO to prooess) an application. Confidentiality is govemned by 35 U.S.C. 122 and 37 CFR 1.14. Tmmcﬁonhesﬁmaﬁedbhkamnﬁmbsbm,
including preparing, and ﬂneomplebduppﬁcaﬁmfamblthSPTO Tknewﬂvadepeodnqwonﬁnhdlﬁdualmo Any comments
mumammmhmmmmwummmMmmummmmmm U.S. Patent
and Trademark Office, U.S. Department of Commerce, PO, Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTOTHIS
ADDRF.ss SEND TO: Commtsslonoc for Patonts, P.O. Box 1450, Alexandria, VA 22313-1450. .

i you noodassistanca in oomploﬂng the form, call 1-800-PTO-9109 and select option 2.
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= © PTO/SB/17 (10-07)
o == Approved for use through 06/30/2010. OMB 0651-0032
nE== © U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
- ":’_—__——’.’:’ Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number

=== 3
B= [ Effective on 12/08/2004. Complete if Known )
NE= Ulees pursuant to the Consolidated Appropniations Act, 2005 (H.R. 4818). —

:_.:"-—__ Application Number

=(3 FEE TRANSMITTAL

Filing Date May 13, 2008
For FY 2008

First Named Inventor

Igor Polishchuk
Examiner Name
D Applicant claims small entity status. See 37 CFR 1.27 -
Art Unit

TOTAL AMOUNT OF PAYMENT | (3) 1070 Attomey Docket No. | PM2007027
. |LMETHOD OF PAYMENT (check all that apply)
: Check |:| Credit Card I:IMoney Order l:l None DOther (please identify)
\ Deposit Account Deposit Account Number: 503467

Deposit Account Name:_William Nuttle, Esq
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)
DCharge fee(s) indicated below

Charge any additional fee(s) or underpayments of fee(s)

[:] Charge fee(s) indicated befow, except for the filing fee
under 37 CFR 1.16 and 1.17

Credit any overpayments
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card
information and authorization on PTO-2038.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILING FEES . SEARCH FEES EXAMINATION FE_ES
fopicationType  Fools) TFeess) —  Feots) TFenh”  roots “Fee(s  FeesPaia(s
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