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Response to Rule 312 Communication 

Application No. 

12/152,518 

Examiner 

Applicant(s) 

POLISHCHUK ET AL. 

Art Unit 

•· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -

1. [81 The amendment filed on 14 October 2011 under 37 CFR 1.312 has been considered, and has been: 

a) [81 entered. 

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

c) 0 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) 0 disapproved. See explanation below. 

e) 0 entered in part. See explanation below. 

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. 

In re Application of 

Filed 

TC/A.U. 

Examiner 

Docket No. 

Customer No. 

Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-14 5 0 

12/152,518 

Igor Polishchuk 

May 13, 2008 

2893 

NGANV.NGO 

PM2007027 

60909 

Confirmation No. 5484 

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. 

1 
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Appl. No. 12/152,518 
Arndt. 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 (ONO) dielectric stack on a surface of a semiconductor substrate, 

the ONO dielectric stack comprising a multilayer 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. 

8emieoHduetor de¥iees iHeludiHg fl:Ofl: ¥olatile memory traasistors aad methods of 

fabrieatifl:g the same to impro¥e performafl:ee thereof are pro¥ided. !fl: Ofl:e embodimem, the 

memory trafl:sistor eomprises afl: mcide Hitride mcide (ONO) staek Ofl: a 5 surfaee of a 

semieoHduetor substrate, afl:d a high work ftmetiofl: gate eleetrode formed over a surfaee of the 

ONO staek. Preferably, the gate eleetrode eomprises a doped polysilieofl: layer, afl:d the ONO 

staek eomprises multi layer eharge stormg layer iHeludiHg at least a substamially trap free 

bottom mcyHitride layer aad a eharge trappiHg top mcyHitride layer. More preferably, the de¥iee 

also iHeludes a metal oxide 10 semieoHduetor (MO8) logie trafl:sistor formed Ofl: the same 

substrate, the logie traasistor iHeludiHg a gate mcide aad a high v,0ork ftmetiofl: gate eleetrode. !fl: 

eertaifl: embodimems, the dopam is a P-t dopam afl:d the memory trafl:sistor eomprises N type 

(NMO8) silieofl:mcide Hitride mcide silieofl: (8ONO8) trafl:sistor 1.vhile the logie trafl:sistor a P 

type (PMO8) trafl:sistor. Other embodimems are also diselosed. 

Page 2 of3 
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Appl. No. 12/152,518 
Arndt. 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: ___ /L_arry~_J._J_o_hn_so_n/ ________ _ 
Larry J. Johnson 
Attorney for Applicant 
Registration No. 56,861 

Page 3 of3 
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Application No. 12/152,518 
Attorney Docket No. PM07027 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Igor Polishchuk 

Application No.: 12/152,518 

Filed: 05-13-2008 

For: MEMORY TRANSISTOR WITH 
MULTIPLE CHARGE STORING 
LAYERS AND A HIGH WORK 
FUNCTION GATE ELECTRODE 

) Examiner: NGO, NGAN V 

) 
) Group Art Unit: 2893 
) 
) Confirmation No.: 5484 
) 
) 
) 
) 
) 

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 3 7 C.F .R. 

§§ 1.16, 1.17, 1.18, 1.19, 1.20 and 1.21 that maybe 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 

Page2 

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, 

_,,.;:, "/' 

Dated: __ _,/,_v_,_-1/_~_,_
1

t2+-, 
1
_,_

1
;_/ ______ By -///; £_ --

__ "_l;a_rt.,,,._.,/...,.y=J-oh_m;;l __ '---'"-----------

Cypress Semiconductor Corporation 
198 Champion Court 
San Jose, CA 95134 
Facsimile: (408) 545-6911 
Customer No.: 60909 

Customer No.: 60909 

~>Attorneffor Applicant 
Registration No. 56,861 
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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 $0 $0 $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) 
and twice the amount of the ISSUE FEE shown above, or 

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) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL 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. 
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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 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

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

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

60909 7590 07/14/2011 

CYPRESS SEMICONDUCTOR CORPORATION 
198 CHAMPION COURT 
SAN JOSE, CA 95134-1709 

APPLICATION NO. FILING DATE 

12/152,518 05/13/2008 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

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 

nonprovisional NO $1510 

EXAMINER ART UNIT 

NGO,NGANV 2893 

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

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

257-324000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1510 10/14/2011 

2 ______________ _ 

3 ______________ _ 

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

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

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

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/152,518 05/13/2008 

60909 7590 07/14/2011 

CYPRESS SEMICONDUCTOR CORPORATION 
198 CHAMPION COURT 
SAN JOSE, CA 95134-1709 

FIRST NAMED INVENTOR 

Igor Polishchuk 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

PM07027 5484 

EXAMINER 

NGO,NGANV 

ART UNIT PAPER NUMBER 

2893 

DATE MAILED: 07/14/2011 

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

The Patent Term Adjustment to date is 309 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 309 day(s). 

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

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

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

Application No. 

12/152,518 
Examiner 

NGAN NGO 

Applicant(s) 

POLISHCHUK ET AL. 
Art Unit 

2893 

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

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

2. IZI The allowed claim(s) is/are 23-31. 

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

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

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

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

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

4. 0 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

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

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

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

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

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

/Ngan Ngo/ 
Primary Examiner, Art Unit 2893 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

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

7. ~ Examiner's Amendment/Comment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

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 

Art Unit: 2893 

Examiner's Amendment 

Page 2 

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 

7/13/2011 

/Ngan Ngo/ 

Primary Examiner, Art Unit 2893 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 12152518 POLISHCHUK ET AL. 

Examiner Art Unit 

NGAN NGO 2893 

✓ Rejected Cancelled N Non-Elected A Appeal 

-- Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 06/03/2010 09/25/2010 03/08/2011 07/11/2011 

1 ✓ ✓ 

2 ✓ ✓ 

3 ✓ ✓ 

4 ✓ ✓ 

5 ✓ ✓ 

6 ✓ 

7 ✓ 

8 ✓ ✓ 

9 ✓ ✓ 

10 ✓ ✓ 

11 ✓ ✓ 

12 ✓ ✓ 

13 ✓ ✓ 

14 ✓ ✓ 

15 ✓ ✓ 

16 N 

17 N 

18 N 

19 N 

20 N 

21 ✓ 

22 ✓ 

1 23 = = 

6 24 = = 

7 25 = = 

8 26 = = 

9 27 = = 

2 28 = 

3 29 = 

4 30 = 

5 31 = 

U.S. Patent and Trademark Office Part of Paper No. : 2011 0711 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 12152518 POLISHCHUK ET AL. 

Examiner Art Unit 

Ngan Ngo 2893 

SEARCHED 

Class I Subclass I Date I Examiner 
257 I 324,325, E29.132, E29.309 I 7-11-11 INN 

SEARCH NOTES 

Search Notes Date Examiner 
BRS search using EAST. See printout 9-24-10 NN 
BRS search using EAST. See printout 3-8-11 NN 
BRS search using EAST. See printout 7-11-11 NN 

INTERFERENCE SEARCH 

Class I Subclass I Date I Examiner 
257 I 324,325, E29.132, E29.309 I 7-11-11 INN 

U.S. Patent and Trademark Office Part of Paper No. : 2011 0711 
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Issue Classification 

ORIGINAL 

CLASS 

257 324 

Application/Control No. 

12152518 

Examiner 

NGAN NGO 

SUBCLASS 

H 

CROSS REFERENCE($) 

CLASS SUBCLASS {ONE SUBCLASS PER BLOCK) 

257 325 E29.132 E29.309 

□ Claims renumbered in the same order as presented by applicant 

Final Original Final Original Final Original Final Original 

1 17 

2 18 

3 19 

4 20 

5 21 

6 22 

7 1 23 

8 6 24 

9 7 25 

10 8 26 

11 9 27 

12 2 28 

13 3 29 

14 4 30 

15 5 31 

16 

NONE 

(Assistant Examiner) 

/NGAN NGO/ 
Primary Examiner.Art Unit 2893 

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 1 L 

□ 

Final 

Applicant(s)/Patent Under Reexamination 

POLISHCHUK ET AL. 

Art Unit 

2893 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

29 I 792 (2006.01.01) 

CPA □ T.D. □ R.1.47 

Original Final Original Final Original Final Original 

Total Claims Allowed: 

9 
(Date) 

07/11/2011 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 3 

Part of Paper No. 2011 0711 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. 

In re Application of 

Filed 

TC/A.U. 

Examiner 

Docket No. 

Customer No. 

Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-14 5 0 

12/152,518 

Igor Polishchuk 

May 13, 2008 

2893 

NGANV.NGO 

PM2007027 

60909 

Confirmation No. 5484 

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. 

1 
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Appl. No. 12/152,518 
Arndt. 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 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. (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 at 

least a substantially trap free bottom oxynitride layer followed by forming a charge trapping 

top oxynitride layer. 
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Appl. No. 12/152,518 
Arndt. 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 (SON OS) 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. 
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Appl. No. 12/152,518 
Arndt. 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. 
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Appl. No. 12/152,518 
Arndt. 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 3 7 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. 

Dated: June 28, 2011 

Respectfully submitted, 
Igor Polishchuk 

By: /William E. Nuttle / 
William E. Nuttle, Reg. No. 42,943 
Attorney for the Applicant(s) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Sir: 

12/152,518 

Igor Polishchuk 

May 13, 2008 

2893 

NGANV.NGO 

PM2007027 

60909 

AMENDMENT 

Confirmation No. 5484 

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 
Arndt. 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 (SON OS) 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 
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Appl. No. 12/152,518 
Arndt. 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. 
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Appl. No. 12/152,518 
Arndt. 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 
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Appl. No. 12/152,518 
Arndt. 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 3 7 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 m 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. 

Dated: June 6, 2011 

Respectfully submitted, 
Igor Polishchuk 

By: /William E. Nuttle / 
William E. Nuttle, Reg. No. 42,943 
Attorney for the Applicant(s) 
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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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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 

March 9, 2011 

/Ngan Ngo/ 

Primary Examiner, Art Unit 2893 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appl. No. 

In re Application of 

Filed 

TC/A.U. 

Examiner 

Docket No. 

Customer No. 

Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-14 5 0 

Sir: 

12/152,518 

Igor Polishchuk 

May 13, 2008 

2893 

NGANV.NGO 

PM2007027 

60909 

AMENDMENT 

Confirmation No. 5484 

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. 

1 
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Appl. No. 12/152,518 
Arndt. 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 dielectric stack is formed to form a 

silicon-oxide-nitride-oxide-silicon (SON OS) gate stack of a SON OS 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 (BF2). 

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 of9 
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Appl. No. 12/152,518 
Arndt. 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 (BF2). 

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 of9 
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Appl. No. 12/152,518 
Arndt. 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 SON OS 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 
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Appl. No. 12/152,518 
Arndt. 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 5 of9 
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Appl. No. 12/152,518 
Arndt. 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 Al) and Lue et al (US 

Pat. App. No. 2007/0268753 Al). 

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.) 
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Sandisk Technologies, Inc. - Ex. 1038, Page 000059



Appl. No. 12/152,518 
Arndt. 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) 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." 

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 (AlN), and "in other embodiments, storage layer 24 may include 

other high-k dielectric materials including oxides, nitrides and oxynitrides, such as ShN4, Al2O3, 

HfO2, 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 AlN or AlGaN, and the band diagram of FIG. 7, is 

highly suggestive of their being located in the lower AlN or AlGaN layers, and not the top ShN4 

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 of9 
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Appl. No. 12/152,518 
Arndt. dated December 28, 2010 
Reply to Office Action of September 29, 2010 

Claim 9 

Claim 9 as amended provides: "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." 

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 ShN4, Al2O3, HfO2, 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 of9 
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Appl. No. 12/152,518 
Arndt. 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 3 7 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 m 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. 

Dated: December 28, 2010 

Respectfully submitted, 
Igor Polishchuk 

By: /William E. Nuttle, Reg. No. 42,943/ 
William E. Nuttle, Reg. No. 42,943 
Attorney for the Applicant(s) 
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Office Action Summary 

Application No. 

12/152,518 

Examiner 

Ngan Ngo 

Applicant(s) 

POLISHCHUK ET AL. 

Art Unit 

2893 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

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

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 09 July 2010. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) 16-20 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-15 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 20081121. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100924 
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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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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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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 

September 27, 2010 

/Ngan Ngo/ 

Primary Examiner, Art Unit 2893 
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IN THE CLAIMS 

1. (Original) 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. (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 (SON OS) gate stack of a SON OS memory transistor. 

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

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

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

comprises boron or difluoroborane (BF2). 

6. (01iginal) A memory transistor according to claim 1, wherein the ONO dielectric 

stack comprises a multi-layer charge storage layer. 
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7. (Original) 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. (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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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 (BF2). 

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. (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 oxynitride 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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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 (SONGS) 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 a result, 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 1-15, 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. 

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. 

Page8 

The Commissioner is hereby authorized to charge any appropriate fees under 37 C.F.R. 

§§ 1. I 6, 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 ___ Ju_ly.,.__9,~2_0_1"""'0 ____ By /Larry J. Johnson/ 
Larry J. Johnson 
Reg. No. 56,861 
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Office Action Summary 

Application No. 

12/152,518 

Examiner 

DILINH P. NGUYEN 

Applicant(s) 

POLISHCHUK ET AL. 

Art Unit 

2893 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 13 May 2008. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) __ is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

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

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
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U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 
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Office Action Summary Part of Paper No./Mail Date 20100603 
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Application/Control Number: 12/152,518 

Art Unit: 2893 

DETAILED ACTION 

Election/Restrictions 

Page 2 

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

I. Claims 1-15, 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. 

2. The inventions are distinct, each from the other because of the following reasons: 

3. Inventions I and II 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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UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

CLASS 

12/152,518 05/13/2008 438 

RULE 

APPLICANTS 
Igor Polishchuk, Fremont, CA; 
Sagy Levy, Zichron Ya'aqov, ISRAEL; 
Krishnaswamy Ramkumar, San Jose, CA; 

** CONTINUING DATA ************************* 
This appln claims benefit of 60/940, 160 05/25/2007 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
07/11/2008 

Foreign Priority claimed D Yes llNo STATE OR 
35 USC 119(a-d) conditions met D Yes ll No O Metafter 

Allowance COUNTRY 
Verified and /DILINH P NGUYEN/ 

CA Acknowledged ~xam1ner's Signature 7iiitiaJs 

ADDRESS 

CYPRESS SEMICONDUCTOR CORPORATION 
198 CHAMPION COURT 
SAN JOSE, CA 95134-1709 
UNITED STATES 

TITLE 

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 

CONFIRMATION NO. 5484 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

2893 PM2007027 

SHEETS TOTAL INDEPENDENT 
DRAWINGS CLAIMS CLAIMS 

4 20 3 

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

0 All Fees 

FEES: Authority has been given in Paper 
□ 1.16 Fees (Filing) 

FILING FEE □ 1.17 Fees (Processing Ext. of time) 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT 

1030 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

BIB (Rev. 05/07). 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 12152518 POLISHCHUK ET AL. 

Examiner Art Unit 

DILINH P NGUYEN 2893 

✓ Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 06/03/2010 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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13 

14 

15 

16 

17 

18 

19 

20 

U.S. Patent and Trademark Office Part of Paper No. : 20100603 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

12/152,518 

51885 
WILLIAM NUTTLE 
P.O. BOX 4240 
FOSTER CITY, CA 94404 

FILING OR 3 71 (C) DATE 

05/13/2008 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Igor Polishchuk PM2007027 
CONFIRMATION NO. 5484 

POWER OF ATTORNEY NOTICE 

1111111111111111111111 ll]~!l]!~l!~l!~U~~~ ~Hll lllll 111111111111111111 

Date Mailed: 01/22/2009 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed O 1/13/2009. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/mnguyen/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/152,518 05/13/2008 

60909 
CYPRESS SEMICONDUCTOR CORPORATION 
198 CHAMPION COURT 
SAN JOSE, CA 95134-1709 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Igor Polishchuk PM2007027 
CONFIRMATION NO. 5484 

POA ACCEPTANCE LETTER 

1111111111111111111111 ll]~!l]!~l!~l!~U~~~ ~Hll lllll 111111111111111111 

Date Mailed: 01/22/2009 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed O 1/13/2009. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/mnguyen/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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JAN. 13. 2009 9: 54AM Cypress Legal (408)545-6911 RECEIVED 
CENTRAL FAX CENTEW)• 3 919 

JAN 1 3 2009 

CYPRESS SEMICONDUCTOR CORPO:RATION 

FACSIMILE TRANSMI'I'TAL SHEET 

TO: 
EXAMINER 

FAX NUMBERt 
571-273~8300 

COMPANY: 

U.S. PATENT AND TRADEMARK 
OFFICE 

PHONE NUMBER: 

RB: 
REVOCATION AND NEW POWER OF 
ATTORNEY 

FROM: 
ANDREW J. BATEMAN, 
REG. NO. 45,573 

DATE1 
JANUARY 13, 2009 

TOTAL NO. OF PAGES INCLUDING 
COVER: 

6 

SENDER'S REFERENCE NUMBER: 
PM2007027 

USPTO APPLICATION NUMBER, 
12/152,518 

P. 1 

0 URGEN'I' 0 FOP. REVIRW O PLEASR C:OMMllNT O 1'1.~ASE REPLY 0 PLEASE RF.CYCLE 

Application No.: 12/152,519 
Filing Date: 0S/13/200B 
~irst Named Inventor: Igor Polishchuk 
Art Unit: 2811 
Confirmation No.: 5484 
Examiner Name: N/A 
Attorney Docket No.: PM2007027 

Attached are the following documents being submitted in 
connection with the above-identified patent application: 

REVOCATION AND NEW POWER OP' ATTORNEY (1 page) 
STATEME'NT UNDER 37 CFR 3.73(b) (l page) 
COPY or ASSIGNMENT (3 page) 

If there are any questions regarding this submission, please 
contact Applicant's attorney, Anoxew J. Bateman, by telephone at 
408~943-6878. 

ResP.ectfully submitted, 

l~J.rp~ 
Andrew J. Bateman 
Attorney for Applicant 
Reg. No. 45,573 
Customer No. 60909 

PAGE 1111 * RCVD AT 1113/200912:08:23 PM ~astern Standard TlmeJ 1 SVR:USPTO-EFXRF•6134 • DNIS:2738300 * CSID: *DURATION (mm-ss):02·24 
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--JAN. 13. 2009 9: 54AM Cypress Legal (408) 545-6911 RECEIVED NO. 3919 

CENTRAl.FAXCENTER 
P. 2 

Und«t Ill Reductlo~ 110 --; am-~ ........ 10 186 

r 
REVOCATION OF POWER OF 

A TIORNEY WITH 
NEW POWER OF ATTORNEY 

\.. 

AND 
CHANGE OF CORRESPONDENCE ADDRESS 

JAN 1 3 2009 
PTO/SS/82 (01.()8) 

App10V11C1 !or uw lhlQl,lgh 12/S11200ll. OMS oa51,()Q35 
U S Patent end Trademark Office; U.S. DEPARTMENT OF COMMERCE '' • -•1n•--l(-- •-•• -, • ~l•••au<> II IIBI number. 

Application Number 12/152,518 "I 

Filing Oate 05/13/2008 
First ·Named Inventor laor Polishchuk 
MUnit 2811 
Examiner Name NIA 
Attomev Docket Number PM2007027 ~ 

I herebv revoke all prwvious 0owers of attomev aiven In the abova-ldentifierl "'-~lication. 

D A Power of Attomey is submitted herewith. 

OR 

0 I hereby appoint the practitioners aS$0cieted with the Customer Number: I 60909 I 
(2) Please change the correspondence address for the above-Identified appllcatlon to: 

[iJ The address associated with 

I I customer Number: 60909 

OR 

□ Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I emau1 
I am the: 

□ Applicantllnventgr, 

0 Assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3. 73(b) is anc/osod. (Form PTO/SB/98) 

SIGNATURE of Aoollcant or Asslanee of Record 
Signature ~/ -.::::"' -
Name - Victoria Tidwell, Vice President of Legal Affairs and Associate General Counsel 
Date 01/13/2009 I Telephone l 408-943-2979 
NOTE; s·-rsit~r6$ rA all Iha lnvenlon; or !ISSIQ,_ Of reeard of the llllllm lnlOrai'I OI' ll'IOlt ~nl8t!Ve(&) are required. Subrrill ~Pl• forms II ll'IO/'l!l lhen one 
'111nut11111 t n!ll;i\lll'l!ll, 11118 below", 

l.!.I "'TCltal or 1 forms 1111> submitted. 

11118 COIIIICUOl1 or tnll>rmBIIQn tu mqulrlld by 37 CFf\ 1,36, TIie lrt!01'1111111al la raquired ID OO!aln Of' retlllll e l)efleflt by ths publk: whll;tt b lo r,ie, (Ol'ld bt 11111 USPTO 
to procass) en 3PP!ic:atlon. Conftdenllal~ 15 IJOWTTMI by J6 v.s.c. 122 and 3'1' OF'Fl. 1.11 and 1.14. Thi$ MliaetlClll le ellllmelad to take 3 rnl""W$ t,;, ,;,;,n,p'"', 
Including galhemg, p~ng, and aubmlttl!lll Iha """'"'•Ltd epplloation !DITTI ID lhi> USPTO, TlrT>P wAI w.ry depending upon lh& Individual llllll9, Afr'/ c:<anm,nts 
on llts amount or Umo you require to complOLG OIi~ !Orm 81141/111' BUggoallonu lllr radudl'ISI lhil bul'<letl, enou1t;1 be aernt to the ctihri' lm:111nauori omcor. U.S. Patent 
an~ Trademark Offlr:e, V.$. Depart.Tnel1L ar Commlll'CII, P.O. Box 1450, AJf;lllllndrle, VA 22313-1460. DO NOT SENO FEES OR COMPLl,,7"ED FOI\MS TO TH]$ 
AOORESS. SEND 'l'O: Commlosloner for Palantfl, P.O. lilo:ir 14SO, Alaxandr1a, VA 22313-14,0, 

1' )'Oil need &OBlslena In IIOIT!llffilinl1 flte tonn, lllilll l -800-PTo-9199 and #I~ llpl/Ol'I 2. 
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JAN. 13. 2009 9: 54AM Cypress Legal (408)545-6911 RECEIVED NO. 3919 P. 3 

CENTRAi.FAX CENTER 

Underthll Pa 

J Au t 'l ?nno PT01sB196 (01-oe> 
l"\I.Ji:,rl,eillo~ough Oll:!>1/200&, OMS 0651-0031 

U.S. Patunl aM trademerk Office; U.S. OEPARTMl:NT OF COMMe.RCE 
rk Reauellan Act or 1995 no rson, are re uirad to ru d 10 a COlll!lr;tlon of lnftlrmalion un N ~ dis ta e valid 0MB control nu ber. 

STATEMENT UNDER 37 CFR 3,73(b} 

Applicant/Patent owner: Igor polishchyk. et al. 

Application No.~atent No.: 12/152 .518 Filed/l1;1sua Date: ..!M=ay~13:!.1,..!:2:!:0~0B~----------

Entitled: MEMORY TRANSISTOR WITI-1 MUI.TIPLE CHARGE STORING LAYERS AND A HIGH WORK FUNCTION GATE 
ELeCTRO0E; 

_c_y..,p_r""e""s""s..:S:.::e""m_i_c_on:..;;.d.;;;.u~c::.:tc:.o"-r ... c ... o_.tp_o __ r"'"a_tl.;;;.o;..c.n _____ , a Co,ooration 
(Name or Assign~~) (Type of Aulgnse, e.g., gitp0rau011: partnership, u11iverlllly, govi,mrrllll\l '9flncy, etc-) 

states that it is: 
1, [2J the assignee of the entire right, title, and interest; or 

2. O an assignee of less, tt,am the entire right, title and interest 
(The extent (by percentage) of its ownen.hip interest i.,__ ___ %) 

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

Al2]An assignment from the inventor(s) of the patent application/patent idMtilied above. The assignment was recorded 
In the United States Patent and Trademark Oftioe at Reel----~·• Frame ___ __, or for which a copy 
thereof is attached. 

OR 
B. DA 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 ttie United Stales Patent and Trademark Office at 
Reel ___ __, Frame ________ , or for which s copy thereof is attached. 

2. From: _______ - _____ To:-,--:---:-=-""!"'"-~,,,,,..--,----------
The- document was recorded in the United States Patent and Trademark Office at 
Reel------· Frame ______ _, or for which a copy ttiereof is attached. 

~- 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. 

D Additional do01.1ments In the chain of title are listlild on a supplemental sheet. 

0 As required by 37 CFR 3.73(b)(1)(1), the documentary evidence of tile chain oftitle from the original owner lo the 
assignee was, or concurrently is being, submitted for recordatlon pursuant to 37 CF!'< 3.11. 

[NOTE: A separate copy (i.e., a true copy of the origin11I assignment document(s)) must be submitted to Assignment 
Division in accordemce with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 
302.08] 

authorized to ac:t 011 behalf of the assignee. 

Andrew J Bateman Reg. No 45 573 
Printed or Typed Name 

Attorney of Record 
Title 

January 13, 2ooe 
Data 

408-943-6878 
Telephone Number 

This eoneot1011 011nrormauon Is required i,y :1'1' CFA 3.~(b). The ll'>lormstlon Is require<! to obloQln or rutain a tien01ft 'OY 1110 publlc which Is lo me (ond by lhe 
USPTO 10 proi::ess) ~n appllcstlon. Conridentlallty Is govemed by 35 u.e,c.1221111d 37 CFR 1,11 eno 1.14. Thia co11od.ion ;, estimated to take 12 minules to 
eomplelB, Including gBlhering, prepartng, ana subnl~~~g ll'lll campuned appDi:aUon fOl'ITI to Iha USPTO. r,n-,o WIii vary depending upon tl'IO ll!dlYlduBI CINl8, My 
commenls on 1ne amounl at time you 11:q~rc 10 comple1a !his rorm and/or &uggestloni for roi:d~r,g U,la bunion, shoulel be sen! to 1na Chier lnformatil)fl Offleet, 
U.S. Palent end Tradc!Nl'k omce, U.S. 0Dpartmenl Of eommen:e. P.O. eo~ 1450, Alellendria, VA 22313-1450. 00 NOT Sl:NC FEE.S OFt COMPLETED 
FORMS TO Tl-11S AOORESS. S11iHD TO: Commissioner for P11tonta, P.O. Box 14G0, Alexandria. VA 22313-14!0. 

ff you nef/KJ assistance in oompleMg me tonn, c11l/ 1·f100-PT0•9199 and :self/let oplfOII 2. 
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w JAN. 1 3. 2 0 0 9' • 9 : 5 5 AM1:.1o,.:1LC y p r e s s L e g a 1 ( 4 0 8) 5 4 5- 6 911 

ASSIGNMENT 

RECEIVED NO. 3 91 9 
CENTRALFAXCENTER 

JAN 1 3 ZOOS 
PATilNT 

PM20070Z7 

FOR GOOD AND VALUABLE CONSIDERATION. tht receipt, SU'fficiwcy Bl:ld adequacy 
of wbicb are bcn;ey ac'k.nowle,4gcd, the undersigned, do hereby: . 

SiiLL. ASSIGN A.'ND TRANSFB!l to cYl'R.ESS SEMJCONDUCTOR CORP. (the 
hAssignee"), havlng a place Qf bnsiness at 3901 Nmtb lim; Sffl!;t. San Jose, CA, 95134 the entire 
right, title and interest for the lJ11itcd States and a.11 foreign cinw,trlcs, in and to any and all 
improvements wbtch are disclosed In the application for Unlted States Letters Patcntt which has been 
executed by the undfflligned OODCUIIea.tl.y herewith. and is anti.tied "'ME.MORY TRANSISTQR 
WITii MULTIPLE CHAR~ STOR.!HQ LAXER$ AND A HIQli WORK FUNCTION GAIB 
BLECTROQEi'1 such application aod all divisional, Colltmving, substitute. micwal, reissue a.nd all 
othe,: a.pplication.s for patent wbich have beell or shall be fil=d in the United States and all foreign 
~c& on miy of such improvements; all original and ,cissued patents which have been or .shall br: 
issued in the United St.ates aud ell foreign countries on such improvements; and speciftoatly 
including th~ right to file foreign ai:,p1i1.atiom WJ.dr: the provi&ious of any convention or treaty and 
claim priority based on such e.pp1ic:8-tlon in the United Stntes; 

AUTHORIZE AND REQUEST tbo issuin& iutharity to issue tilr/ aJJd all United S1.ttes and 
foreign patents granted on such improvements to the Assignee; 

WARR.ANT AND COVENANT that no assi~mi:mt, grant, mortgage:, license or other . 
agreement d'~ng the rights and _ptQperty bcrefo Qonvi:::yod hs.s been or 'Will be m&de to others by 
the undersigned, end that the fil11 right to convey the same as herein Qpre880d is possessed by the 
undersigned~ 

COVENANT thai, wbcn requested arid at the cxpc.,115e en tbe Assignee, to carry out in good 
faith the b.itcnt and p,:ttposc of this sssiiptmen!, the undersigned will execute alt divisii;,ruil, 
continuing, substitute, renewal, reis&Ue:, and all other patent applieations on MY and all such 
improvmmmts; execute all rightful oaths, declarations, S.SllliSJ'lm.e:n.t.5, powers of attomey and other 
papers; r.omm,rnicaw to the AHignce all fa(.':tli known to the umlmtiped r;liting to moh 
improvements and the history thm-oof; and genera.Dy do everything possible which tbe A.$$ignee sheJl 
consider desirable for securing, maintaining and a,.forein& proper pa.tent protection for such 
i.Dqm>vements and fbt' vesting title to such i mprovcmct1ts In the Assignee; .and 

COVENANT AND AGREE that the above is and will be bmdiug on the bi,irs, assigns, 
representatives and successors of the undersigned a.nd ext.erid to the suoccsson, assigns and oom.inees 
of the Assipc. 

TO BE BINDING on the hcH'll, Ml!Jgns, representa'tives 1.UJd sucoc!l!i0r11 of the undersigned 
ind e7ctertd to the sucge111sors, aaaigns and nornw~11 of the Assignee. 

Page 1 on 
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~-JAN.13. 2009• 9:55AM--.-.. ..... .,Cypress Legal (408)545-6911 NO. 3919 , P. 5 ,u< ..,., 

PATENT 
PM2.007027 

FURTHER COVBNANT that all stat,c::m,nts made of my own lcnOlltVlcd@ca.re true and that alt 
!ltatcmeuts made on informJtiat1 and belief are.beJfeved to be true; and further that 1heae statements 
were made with the knowledge that willful false statements a0d the Uke so made arc punishable by 
fine or irnprisoninent. orboth. under Sl!!lction 1001 of Title 18 of th~ United States Code and that such 
willful false st:a.temcmts 1lUJ)' jeopardlm the validity of the application QI' any pa.tent isgued thereon. 

(Signllt'Urc) _____________ _ 

Please direct all communicatiot1 as follows: 

Cgnomer No. SHU 
WU.li.m E. Nutile, &q. 

P.O. Box 4240 
P'o1ter City, CA 94404-0240 

Ph: (6-SO) 207-3418 

Pa.ge2 of2 

Date: 3 /.3 / ~ 

PAGE 5111' RCVD AT 1113/200912:08:23 PM ~astern Standard Time]' SVR:USPTO-EFXRF-6134 1 DNIS:2738300 1 CSID: 1 DURATION (mm-ss):02•24 

Sandisk Technologies, Inc. - Ex. 1038, Page 000100



JAN. 13. 2009 9: 55AM Cypress Legal (408) 545-6911 NO. 3919 P. 6 

0

P.ATEN1' 
.PM2007021 

FURl'HER.00.VBN.ANT that afl:~,fflade of my OW'fl'knoW.iedge ~ uue and that all 
statements made: 'On ibfo:nnation_.and belief.~ -~icv~ to:~ f,rne;' ~ nm~ that ·~ statemeJlts 
were ~ witb the ~tio.w~ ~ .. :w,11ful fi:il~-~~$. ~ ·the l~ .. ~O.i~a®:11.TI? ~sh.able l,y 
fine or hnpriso,nme~t r,,r ~ u~ ~~ lOOlofntt.e ~S of.the 'Qru:te.d-Swtes ~ and 1hat such 
willful f.alse ~ents~ayjeopw.rdiie the _wlldiiy ,l)r·'the -lppiieatian or.any :patfflt Issued thereon. 

(S,_gmuure) ___ ..._ ___ .:..-. ______ ....._ ____ 
Km~arny Jq:i:ntumar 

P.l~·direct.alJ to~~n as foll6ws: 

CnsiMIKer-No.. -sins· 
Wi11ia:m. E,.Nllttle• Bsq. 

l>.0; Box:·4240 
~·City.. :CA ·9,4,1J04-():l4&. 

~; (6$_0)'20.7..:141~: • • 

~-------....:.. 
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11/21/2008 02: 08 6502403500 WILLIAM NUTTLE 
RECEIVED 

CENTRAL FAX CENTER 

PAGE 01/03 

NOV 2 1 2008 

ll, 

PTO/SE!/21 (lO..OS) 
l\j)prCIVcd for ug tlm:>ugh 11 /30f2002. 0MB O<l51-0031 

U.S. Pal.Ml all(! Tr'illdel'l'lark Offio:; U.S. DEPARTMENT OF COl,,IMERCE· 
nderthe P Redtlcrion Act of 1995 no .-SQn ""' '""'•141:d • '""'-II"'~ 

/' APlllication NumbGr 121152,518 

TRANSMITTAL Flllng □aie May 13, 2008 

FORM First Namoo Inventor Igor Poliohchuk 

Art Unit 2812 

Examirier Name 
(to be 1JSBd for all tXlf19SPOndence after initial fifing) 

\. Total Number of P'agee in Thia Submission j 3 
Attorney Docket Number PM2007027 

ENCLOSURES (Check all that apply) 

□ □ □ After AllowanC8 Cornmuntea\ion to TC 
Fee Transmittal Fonn Prawing(a) 

□ □ Licensing-related Papers □ Appeal Communication to Board . Fee Attached of Appeals and Interferences 

□ □ Petition □ Appaal Communication to TC 
Amendment/Reply (Appeal Notk:a, Brief, Reply Brief) 

□ □ Petition to Convert to a □ AftetFinal Provisional Application Proprietary Information 

□ □ Power of Attorney, Revocation □ Status Lettar Affidavils/declamtion(,:;) Change of Corre,:;pondence Addra66 

□ □ Terminal Disdaimer [2] other Encfosure(s) (please Identify 
E.xtot~lon of Tiroe Requeijt below): 

□ □ Request for Refund Form SBOOOSa 
Express Abandonment Request 

[Z] Information Oiscl0$ure Statement □ CD, Nlllllbet of CD(s) 

□ Landscape Table on CD 

□ Certified Copy of Prionty I Rernarlls I 
Document(s) 

□ Reply to Missing Parts/ 
Incomplete Application 

□ Reply to Missing Parts 
under 37 ci::R 1.52 or 1.53 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 
Firm Name 

WIiiiam E:. Nutile / .,, 

Signature I /1 /; /M /. 4: >-J,vJ_.&, -
Printed name 

wmia'r;;' E. Nutile 
~ V' 

Date Novemoor 21. 2008 I Reg. No. 42,943 

CERTIFICATE OF TRANSMISSION/MAILING 

I hereby CQrtify tnat tlliS corrQilpondence is being f:11:simile lnlm1mitted to the USPTO or depMited with the Unit.ed Stale!< Po!l.tal Service with 
sufficient pos1age as fin.t cllilliilii mail in an enwh:ipe addressed to: Commissioner for Patents, P.O. Box 1450, Alexan,rna, VA 22313-1400 on 
Iha date shown below: 
Signature 

Typed or printed name William E. Nuttle Diite November ,11, 2008 

' 

,I 

Thi& m1Elt:tion of information is requirl:d by 37 CFR 1.5. The il'lf()(malion is reQui~ to ODtain or retain a ~ l)y the publie whiel'I i$ to file (Md l)y 'Ill" ~PTO to 
prooea9) sn eppl"ICStian. Confidentiality is gowmed by 35 U. S.C. 122 and 37 CFR 1.11 and1 .1 ◄. This <:dlcction i& es:timated to 2 hour1, to complete, including 
gathering. pr<:;Pllrill!:I. ao<,t $~1)mittil)g tile 00mp1e1ea spp~caUoll rorm to the IJSPl"O. Time will llllry depend rig upon \he indillidusl cssa Arr, oomrr,e/lla on the 
amount DI time YW l'l'J:Q\ire t0 ,:,:,mi)lete cnis torm and/or .sugges1JOoS ror redudng 111Is bUl'll.en, !!hOUIQ De sent to me Chiet In1orma!lon omoer. u.s. P.atent :11N1 
Tradems.rl< Office, U.S. Departmen1 cl Commelll8, P.O. Box 1-450, At.mmdria, VA 22313-14S0. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADORi:SS, SiNP TI): Commh;sioner for P11tants, P.O. Bax 1450, Alexandria, VA 22313-1450. 

"you neea asstsrance m comp1ermg rne ltlrm, can NJOo-PT0-9199 ana select option 2. 
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11h11200a 02: 0a 6502403500 WILLIAM NUTTLE 
RECEIVED 

CENTRAL FAX CENTER 

NOV 2 '1 2008 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 
• Igor Polishchuk, et ai. 

Serial No.; 12/152,518 

Filed: May 13, 2008 

Title: Memory Transistor With Multiple 
Charge Storing Layers And A High 
Work Function Gate Electrode 

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

Examiner: Not Yet Assigned 

Art Unit: 2812 

Atty. Dkt. No.: PM2007027 

INFORMATION DISCLOSURE STATEME1'1T 

Sir: 

PAGE 02/03 

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

Pursuant to 3 7 CFR § 197, the submission of th.is Information Disclosure Statement shall 
not be c-0nstrucd as a representation regarding the completeness of the list of references, or that 
inclusion of a reference in this list is an admission 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 •• 

Dated: November 21. 2008 By:-h'-'-f-,,~~:;__---1-~---'-
i ·am E. Nuttle_, . No. 42,943 

Attorney for the Applicant(s) 
P.O. Box 4240 
Foster _City, CA 94404 

- 1 -
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• 11/21/2008 02:08 6502403500 WILLIAM_ NUTTLE PAGE 03/03 

/ 

PTOISBIOOa (10-08) 
Appr<)vea for U!!e through 11/30f2008. OM8 0651.()()31 

. U.S. Patent and Tradamarlt Offie.e; U.S. DEPARTMENT OF COMMERCE 
llnd<!r the Ps-•k Reduciion Act of 1995 no oerB011S are raauired to r~oond to a c:ollec:tion af infor~lion unleoo ii oon!ains a valid OMfl control number 

Sub;~1iMe fer fonn 1449/PTO 
Complete if Known ..., 

Appllcatlon Number 12/152,518 

INFORMATION DISCLOSURE 
Filing Dat:9 May 13, 2008 
First Named I nwntor Igor Polishehuk, et al. 

STATEMENT BY APPLICANT Art Unit 2812 
(UBf1 ~ rrnmy 4/t.w,fa as n~ E.x:amlnar Name 

\.._ ~ ....... 11 I nf 11 Altorrtay Docket Number PM2007UL( ,) 

EXaminer GHe 
lnitiislt!I" No.1 

E.xsminer Ctte 
lniijo!c• Ne,.• 

U. s. PATENT DOCUMENTS 
Document Number Publication Date Name of PateMee or 

MM-DD-VVYY Applicant of Cited Document 

Number-l<i nd Code' r.- '''""'r.i 
us- 7,312,496 06-03-2004 Haz.am;,i 

us- 20070262451 1"1-15-2006 Rachmady, et al. 

us- 20070246753 10-25-2007 Chu, etal. 

us- 7,323,742 03-09-2006 Oeorgasc:u 
US-

US-

us-
us-
us-
US-

US-

US-

US-

US-

us-
US-

US-

us. 

us-

f'n.,.,.,,.,._ PATF.NT DOCU MENTS 
Foreign Petenl Do<;ument Publialtlon Name of Pab:nte<e: or 

DIii~ Applic2.nt of Cited Document 
MM-D0-YYYY 

Ccuntt'v COde'-NumbQ:r 47"0nid t'.....r1r,' lii ~l 

Dl.lte 
C008idel8d 

Page,s, Gaumns, Unes, Vl'here 
RelG\/Bnt PBSSEIIJIIS or Retev~nt 

Figures Appear 

Pagea, Columns, Lins&, 
Wh,i...,. Rc:\ov;,nl P3$$BQE:S 
Or Relevant Figures Appear ,..i 

INER: 1n1us1 anm011 co~, Whe er or no n i$ in <.n'llorms.nce \Nit . m,, line lhrougri Cl on n 111?,!n and not 
oon:sidtre<I. Include copy of thi3 torm·wtth next communication to app(k"ll1!. '.AppHCIUlt's unlqOO citaion <2eS1gnst1cn number (optional). See Kinds Codi:::> ol 
USPTO Peiant Documents at www.uaplo.g51!i or MPiiP 9D1.04. • Enter Office tt,;;it i$$ued the doc:umenl, by the lwl:He11.er COde (WIPO Sl.llnd.E\rd ST.3). • FOf 
~ patent documents. lhe lra1CBUOn ot Iha year al the reign al the Emperor mu:st pn:o::dc th~ ,,.,riasl m.ll"(lber of the patlll'I!. doeumenl 'Kind of d<>CL1rnettl by 
the appropriate .$jmtl0ls 1111 imlcat9d on the CICaJment under WIPO Sland.'lrl'I ST.16 II !Xl"lble. 9 Applic:ant is to J)la,.:e II chec:J<. marl( here if Er.gfish language 
Tl!lnlllS!lon is !11:tael\ed. 
This coJlaaton ol Jnfonmdicr'I ia required by 37 CFR 1.'17 a!lil 1.98. Tna infOfmatlon i5 r=qulred to obtain or retain a benefit by thr.1 i;,ublic which i$ to file (and t>y the 
USPTO to proce&&) an appliail:ion. COl'll'l<l«1tlaiity ill 11ovi;,rnc:,d by 35 u.s.c. 122 and 37 CFR 1.14. n,Js cdlec!IOn ls estimated to lake 2 hc:,,.,n,. to complete. 
including gathe~og, preparing, and i;ubmilting the compleled epplicmion form to me USPTO. nrne will vary dcpeMJng upon Itie lndMduBI csoo. Any comments 
an the emoum ct tlm0> )'C!U require to compk;t,;i tt,i11 focm ~nc!/cr sugges110N1 fOf radU<:ing thi" bvlOCl'I . .\lhOUlrl tie sent ta the Chillf l~l'I Olllcef, U.S. Pll)llflt 
a.no Trademm1,; Office. P.O. 60)( 1450, Alexandria. VA 2281~1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ACDRESS. SEND 
TO: comml991oner for P;,t4mtt, P.O. BOX 14SO, Ale&ndria, VA 22313-1450. 

If yo11 n99d assistance in completing t/18 form, ca" 1-BOO-PT0-9199 (1-800..786-9199) and seleat ClptiOn 2. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UKITED STATES DEPARTME.\IT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIO'JER FOR PATENTS 

P.O. Box 1450 
Alexandria, V:irgmia 22313-1450 
\V½w.uspto.gov 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 
UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

12/152,518 05/13/2008 2812 1030 PM2007027 20 3 

51885 
WILLIAM NUTTLE 
P.O. BOX 4240 
FOSTER CITY, CA 94404 

CONFIRMATION NO. 5484 

FILING RECEIPT 

111111111111111111111111]~!1~!~1!~1!~11!1!11~!1~~~ 11111111111111111111111 

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 

Sandisk Technologies, Inc. - Ex. 1038, Page 000105



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 US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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

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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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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) 
Approved for use through 06/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no oersons are reauired to respond to a collection of information unless it displays a valid 0MB control number 

~ Effective on 1210812004. Complete if Known "' 
Cfl:ees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818). 

Application Number -0 FEE TRANSMITTAL -I Filing Date Mav 13 2008 0 
For FY 2008 First Named Inventor lqor Polishchuk 

Examiner Name 0 Applicant claims small entity status. See 37 CFR 1.27 
Art Unit 

\..TOTAL AMOUNT OF PAYMENT I ($) 1070 Attorney Docket No. PM2007027 ~ 

METHOD OF PAYMENT (check all that apply) 

[2J Cheek D Credit Card D Money Order 0None Oother (please identify): 

0 Deposit Aeeount Deposit Account Number: 503467 Deposit Account Name: William Nuttle Esg. 
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply) 

Ocharge fee(s) indicated below D Charge fee(s) indicated below, except for the filing fee 

0 Charge any additional fee(s) or underpayments offee(s) 
under 37 CFR 1.16 and 1.17 

[Z] Credit any overpayments 

WARNING: lnfonnation on this fonn may become public. Credit card information should not be included on this form. Provide credit card 
infonnation and authorization on PT0-2038. 

FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES 
FILING FEES SEARCH FEES EXAMINATION FEES 

Small Entity Small Entity Small Entity 
Aeelication Titee .E!.!!Jil .EH..W .E!.!!Jil ~ .EH..W ~ Fees Paid {II 

Utility 310 155 510 255 210 105 :I QJQ 
Design 210 105 100 50 130 65 

Plant 210 105 310 155 160 80 

Reissue 310 155 510 255 620 310 

Provisional 210 105 0 0 0 0 

2. EXCESS CLAIM FEES Small Entity 
Fee Descrietion .EH..W .EH..W 
Each claim over 20 (including Reissues) 50 25 

Each independent claim over 3 (including Reissues) 210 105 

Multiple dependent claims 370 185 

Total Claims Extra Claims .EH..W Fee Paid (SI Multiele De12endent Claims 

2Q - 20 or HP= fl X = Q .EH..W Fee Paid (SI 
HP= highest number of total daims paid for, if greater than 20. 

lndee. Claims Extra Claims .EH..W Fee Paid (SI 
3 3 or HP fl X = Q 

HP highest number of independent daims paid for, if greater than 3. 

3. APPLICATION SIZE FEE 
If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer 

listings under 37 CFR l.52(e)), the application size fee due is $260 ($130 for small entity) for each additional 50 

sheets or fraction thereof. See 35 U.S.C. 41 (a)(i )(G) and 37 CFR 1.16~s). 
Total Sheets Extra Sheets Number of each additional 50 or raction thereof .EH..W Fee Paid (SI 

- 100 150 = (round up to a whole number) X = 
4. OTHER FEE(S) F!i;!;Ui Paid($) 

Non-English Specification, $130 fee (no small entity discount) 

Other ( e.g., late filing surcharge): Recordation of Assignment 40 

SUBMITTED BY - /I 

Signature //'\ /~/,t( ./ ,,ti( /1 / I Registration No . 
IAttornev/Aoentl 42,943 Telephone (650)207-3418 

Name (PrinVType) William le/ Nulllf' 
- /,Y Date May 13, 2008 

This collection of information is required by 37 CFR 1.136. 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 30 minutes to complete. 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this fonn and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the fonn, ca/11-800-PTO-9199 and select option 2. 
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U.S. PTO 
12/152518 
05/13/2008 PTO/SB/05 (06-07) 

Approved for use through 06/30/2010. 0MB 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 0MB control number. 

UTILITY 

PATENT APPLICATION 

TRANSMITTAL 

Attome Docket No. 

First Inventor 

Title 

PM2007027 

Igor Polishchuck 

Memory Transistor With Multiple Charge Storing 
Layers And A High Work Function Gate 
Electrode 

(Only for new nonprovisional applications under 37 CFR 1. 53(b)) Express Mail Label No. EB 796954059 US 

APPLICATION ELEMENTS 
Commissioner for Patents 

ADDRESS TO: P.O. Box 1450 
See MPEP chapter 600 concerning utility patent application contents. Alexandria VA 22313-1450 

1.[2] Fee Transmittal Form (e.g., PTO/SB/17) ACCOMPANYING APPLICATION PARTS 

2. □ 
(Submit an original and a duplicate for fee processing) 

Applicant claims small entity status. 
9. 0 Assignment Papers (cover sheet & document(s)) See 37 CFR 1.27. 

3.0 Specification [Total Pages 25 I Name of Assignee Ci'.eress Semiconductor Coreoration Both the claims and abstract must start on a new page 
(For information on the preferred arrangement, $99 MPEP 608.01/a)) 

4.[2] Drawing(s} (35 U.S.C. 113) [Total Sheets 4 l 

5. Oath or Declaration [Total Sheets 6 I 10. 0 37 CFR 3.73(b) Statement IZ)Powerof 
a. fg Newly executed (original or copy} (when there is an assignee) Attorney 
b. A copy from a prior application (37 CFR 1.63(d)) 
□or continuation/divisional with Box 18 completed) 11. D English Translation Document (if applicable) 

i. DELETION OF INVENTOR{S} 
Signed statement attached deleting inventor(s) 12. D lnfoEjtion Disclosure Statement (PTOISB/08 or PT0-1449) 
name in the prior application, see 37 CFR Copies of citations attached 
1.63(d)(2) and 1.33(b). 

6. □ Application Data Sheet. See 37 CFR 1.76 13. D Preliminary Amendment 

7.0 CD-ROM or CD-R in duplicate, large table or 
14. IZ] Return Receipt Postcard (MPEP 503) 

~
puter Program (Appendix) 
Landscape Table on CD (Should be specifically itemized) 

8. Nucleotide and/or Amino Acid Sequence Submission 15. D Certified Copy of Priority Document(s) 

(if applicable, items a. - c. are required) (if foreign priority is claimed) 

a. D Computer Readable Form (CRF) 
b. Specification Sequence Listing on: 16. [Z] Nonpublication Request under 35 U.S.C. 122(b)(2)(8)(i). 

□ 
Applicant must attach form PTO/SB/35 or equivalent. 

i. CD-ROM or CD-R (2 copies); or 
17. D Other: ii.O Paper 

C. □ Statements verifying identity of above copies 

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the 
specification following the title, or in an Application Data Sheet under 37 CFR 1. 76: 

D Continuation □ Divisional D Continuation-in-part (CIP) of prior application No.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Prior application information: Examiner At1Unit: 

19. CORRESPONDENCE ADDRESS 

[Z] The address associated with Customer Number: I 51885 I OR D Correspondence address below 

Name 

Address 

City I State Zip Code 

Country 
A 

j Telephone Email 

Signature 
j /1 /' ✓IA/ 4' ///,,// ,/ I Date May 13, 2008 

Name Williari<E.Mie 
V vv v~ L,--" Registration No. I 

/Prinl/Tvae) (Attornev/Aoentl 42•943 

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to 
complete. including gathering, preparing, and submit1ing the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/I 1-800-PTo-g199 and select option 2. 
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PTO/SB/35 (01-08) 
Approved for use through 03/31/2008. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

I' NONPUBLICATION REQUEST First Named Igor Polishchuk " 

'-

Inventor 
UNDER Memory Transistor With Multiple Charge 

Title Storing Layers And A High Work Function 

35 U.S.C. 122(b)(2)(B)(i) Gate Electrode 

Attorney Docket No. PM2007027 

I hereby certify that the invention disclosed in the attached application has not and will not be 
the subject of an application filed in another country, or under a multilateral international 
agreement, that requires publication at eighteen months after filing. 

I hereby request that the attached application not be published under 35 U.S.C. 122(b). 

~Jff0 
Signature 

May 13, 2008 

Date 

William E. Nuttle 42 943 
Typed or printed name Registration Number, if applicable 

(650)207-3418 
Telephone Number 

This request must be signed in compliance with 37 CFR 1.33(b) and submitted with the 
application upon filing. 

Applicant may rescind this nonpublication request at any time. If applicant rescinds a request 
that an application not be published under 35 U.S.C. 122(b), the application will be scheduled 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims the benefit of priority under 35 U.S.C. l l 9(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-

15 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 

20 the charge trapping layer, partially canceling or screening an electric field from the 

control gate, thereby changing a threshold voltage (Vr) of the transistor and 
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programming the memory cell. During read-out, this shift in V r 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 Vr. 

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 threshold voltage (VTP) and an erased 

10 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. IA, if the charge 

trapping layer is silicon (Si) rich there is a large, initial window or difference between 

15 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 

20 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 

5 transistors are incompatible with those used for fabricating logic transistors. 

15 

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, 

20 the doped polysilicon layer comprises a P+ dopant, such as boron or difluoroborane 

(BF2), 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-

s 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 

10 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 

15 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 

20 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 dielectric 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 

5 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 

l O 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 

15 NMOS SONOS memory transistor and a PMOS logic transistor. Generally, the 

polysilicon layer can be doped by ion implantation with boron or BF2, 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 

20 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 oxynitride layer. 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 

5 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. 

10 

15 

BRIEF DESCRIPTION OF THE ORA WINGS 

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. IA 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. I B is a graph showing data retention for a memory transistor using a 

20 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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15 

20 

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 includes 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 same 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 

5 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 

10 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 

15 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 

20 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 

5 206. 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 

10 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 

15 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 (SiO2) of from about 15 

20 angstrom (A) to about 22 A, and more preferably about 18 A. The tunneling oxide layer 

208 can be formed or deposited by any suitable 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 

5 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 

10 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 (SiH4), chlorosilane (SiH3Cl), 

dichlorosilane (SiH2Clz), tetrachlorosilane (SiC14), a nitrogen source, such as nitrogen 

15 (N2), ammonia (NH3), nitrogen trioxide (NO3) or nitrous oxide (N2O), and an oxygen­

containing gas, such as oxygen (02) or N2O. In one embodiment the trap free oxynitride 

layer 210B is deposited in a low pressure CVD process using a process gas including 

dichlorosilane, NH3 and N2O, while maintaining the chamber at a pressure of from 

about 5 millitorr (mT) to about 500 mT, and maintaining the substrate at a temperature 

20 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 ofN2O and NH3 mixed in a ratio of from about 8:1 to about 

1 :8 and a second gas mixture of DCS and NH3 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 (seem). 

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-

5 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 (NH3) mixed at a 

10 predetermined ratio to provide a narrow band gap energy level in the oxynitride charge 

trapping layer. In particular, the process gas can include BTBAS and NH3 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 NH3 at a chamber pressure of from about 5 mT to about 500 mT, 

15 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 

20 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 1EIO/cm2
, and more 

preferably from about 1E12/cm2 to about 1El4/cm2
. 
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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 includirig ammonia (NH3). In this alternative embodiment 

of the method, the step of depositing the top, charge trapping oxynitride layer 210A is 

5 followed by a thermal annealing step in a nitrogen atmosphere including nitrous oxide 

(N2O), NH3, 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 

IO 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 

15 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 SiO2 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, 

20 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 0 2 or N2O 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 

5 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 

IO 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 

15 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 

20 C2H2F4 commonly referred to as Freon®. Generally, the processing gas further includes 

argon (Ar) and nitrogen (N2) 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 SiO2 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 

5 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 

10 dielectric stack is formed to form a silicon-oxide-nitride-oxide-silicon (SO NOS) gate 

stack of a SON OS 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 

15 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 N2, 

while maintaining the substrate 206 in a chamber at a pressure of from about 5 to 500 

20 m T, 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 

(BF2) 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 

5 polysilicon layer 216 can be doped by implanting boron (B+) or BF2 ions at an energy of 

from about 5 to about 100 kilo-electron volts (keV), and a dose of from about lel4 cm·2 

to about lel6 cm·2 to form an N-type (NMOS) SONOS memory transistor and, 

preferably, a P-type (PMOS) logic transistor hav1ng high work function gate electrodes. 

More preferably, the polysilicon layer 216 is doped to a concentration or dose selected 

10 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 

15 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 

20 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 (CL2) and/or oxygen (02) 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 

5 plasma is formed from a processing gas comprising a fluorinated hydrocarbon and/or 

fluorinated carbon compounds, and further including Ar and N2 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 

10 steps at a temperature of from about 800 °C to about 1050 °C for a time of from about 

lsecond 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 flash and laser, can 

be employed with temperatures as high as 1350 °C and anneal times as low as 1 

15 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 

20 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 (SID) 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 

5 304 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 on 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 

10 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 

15 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 

20 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 equivalents at the time of filing of this 

5 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 

5 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 

10 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 

15 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. 

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

comprises boron or difluoroborane (BF2). 

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

stack comprises a multi-layer charge storage layer. 
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5 

15 

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 

20 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 (BF2). 

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+ 

15 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 

20 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 

5 storage layer; 

15 

20 

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 1 7, 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 

5 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 perfonnance thereof are provided. In one 

embodiment, the memory transistor comprises an oxide-nitride-oxide (ONO) stack on a 

5 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 

10 semiconductor (MOS) logic transistor fonned 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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amended by any amendment specifically referred to above. 

I 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 ofthe oontinuation-in-part application. 
I 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 international application which designated at least 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 Pr~or!ty Certified Copy Attached? 

Numberlsl Countrv lMM . . YES Mn 

D □ □ 
□ □ □ 
□ □ □ 
□ □ D 

LI Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

(Page 1 of 21 
This colledion of informatlon Is required by 35 U.S.C. 115 and 37 CFR 1.63. The information Is required to obtain or retain a benefit by th<! publle wtiich is to file 
(and by the USPTO to process) an application. Confidentiality is 90vemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This colledion I$ estimate<! to take 21 
mlnutes to complete, including gathering, preparing, and submitting the completed application fonn to the USPTO. Tme will vary depending upon the individual 
case. Any comments on the amount of time you require to complete this fotm and/or suggestioos for re<lucing thiS burden, Should be sent to the Chief lnfonnatioo 
Officer, U.S. Patent and Trademark Office, U.S. Department of Commeree, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.(). 80111450, Alexandria, VA 22313-1450. 

If you need assistance ccmpleting the fomr, call 1·800-PT0-9199 and select option 2. 
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Direct all 
correspondence to: 

Name 

Address 

City 

Country 

PTO/SB/01 (07-07) 
Approved for use through 06/30/2010. 0MB 0651-0032 

U.S. Patenl and Trademark Offlce; U.S. DEPARTMENT OF COMMERCE 
uclior. Acr. of 1995 no d to a leclion of information unless It fains a vand 0MB oomro1 number. 

DECLARATION - Utility or Design Patent Application 

0 The address 

I I 
OR □ Correspondence, 

associated with 51885 address below 
Customer Number: 

I State I ZIP 

I Telephone I Email 

WARNING: 
Petitioner/applicant is CcJutioned 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 application, If this type of personal information is induded in documents submitted to 
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting 
them to the USPTO. Petitioner/applicant 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 PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not 
publicly available. 

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

NAME OF SOLE OR FIRST INVENTOR: I D A oetition has been filed for this unsiqned inventor 
Given Name (first and middle [if any)) 

I 
Family Name or Surname 

Igor Pollshchuk 

Inventor's Signature I Date 

Residence: City I State I Country I Citizenship 

Fremont CA U.SA U.S.A. 

MaiUng Address 
!43355 Paseo Padre Pkwy. 

City I State I Zip I Country 

Fremont. CA 94539 U.S.A. 

1"71 Additional inventors or a leoal reoresentative are beina named on the 1 supplemental sheet(sl PTO/SB/02A or 02LR attached hereto. 

[Page 2 of 2] 
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Undetttie P Redualon Act of 1995 no 

DECLARATION 

Name of Additional Joint Inventor, if any: I 
Given Name /first and middle lifanv\l 

ISagy /> 

f -- a/;·trv , .... -
Inventor's 

: • . .-.iA- _,_ ~ ' --
Sianature -.-, --- :r-/;// - -_ 

r-· .,/I 
ZichronYa'aqov NIA 

Residence: Citv State 

44 Yig.ll•Alon Street. 

Mailina Address 

Zichron Ya'ilqov NIA 

Citv State 

Name of Additional Joint Inventor, If any: I 
Given Name (first and middle (if any)) 

Krishnaswamy 

Inventor's 
SiQnature 

San Jose CA 

Residence: Citv State 

1193 Lynbrook Way 

MailinQ Address 

San Jose CA 
Citv State 

Name of Additional Joint Inventor, if any: I 
Given Name (first and middle (if any)) 

Inventor's 
Sionature 

Residenoe: Citv State 

MailinQ Address 

Citv State 

PTOISB/02A (07-07). 
APl)l'(We(I f0< use lhtough 06/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Clfflce; U.S. DEPARTMENT OF COMMERCE 
I number. 

Supplemental Sheet 
_1 __ 

□ A petition has been filed for this unsigned inventor 

Familv Name or Surname 

Lwy 

. ,, I ! 

0·~11010?1 Date . . 

'

Israel l$1<1el 

Countrv Citizenshio 

1
30900 

Zii:, Countrv 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

Ramkumar 

Date 

U.S.A. U.S.A. 

Countrv Citizenshio 

1
95129 U.S.A. 

Zio Countrv 

□ A petition has been filed for this unsigned inventor 

Family Name or Surname 

Date 

Countrv Citizenshio 

I Zio Countrv 
This colledlOO of i'dormatiOn Is required by 35 U.S.C. 115 and 37 CFR 1.63. TIie infonnatIon IS required to obtain or retain a benefit by the pubhc which is to file 
(iand by the USPTO 10 process) an applica!lon. Confodeotlaltty is governed by 35 U,S,C, 1_22 and 37 CfR 1.11 and-,_ 14. This collec:lion IS estma!ed to take 21 
minu1es to complete. indudlng gathering, preparing. and_ submitting the comJ)leted application !Orm to Ole USPTO, Time WiU var, depending ui:,on the individual 
case. Any comments on the amoun1 or time you require.to ocmplete this form and/or suggestions _for reducing this burden, mould be sent to the Chief lntormation 
Olfcer, U.S: Patent and Trademark Office, U.S. Department of Cornmen:o, P.O. 8ox 1450. Alei<an<:111a. VA 22313-1450. 00 NOT $ENO FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, 

If you need assistance in completing the form, ca/11-800-PT0-9199 (1-800-785'9199) and select option :i'. 
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t'Al:11:.. t:l::l/ t:l':l 

'•~ _.. __ ......... l':!I.,. .. ____ .., .... -· . "'"" ~~ • ·-

Arinll~t1011 NumbBT 

POWER OF ATTORNEY 
~ 

Fmna Date 

Arst Nam&d lnnntor 

P'l'OISB/81 (01-0B) 

. . ' ' . 
Approwd for UH th11iugl'l 12/31/2008. 01.19 0G51-0035 

u s Plllenl and Trademark Offll»' u s DEPARTMENT OF COMMERCE 
n,-11,l"U" 

not yet known 

.!:> /I~ IV'f... 
Igor Poliahehuk 

r. 

' 
and MEMORY TRANSISTOR WITH MULTIPLE CHARGE 

CORRESPONDENCE ADDRESS TIUe STORING LAYERS AND A HIGH WORK FUNCTION 
GATE eLECTRODE 

INDICATION FORM Art Unit unknown 

Examiner Nam& unknown 
~ 

\.. Attorney Docket Number PM2007027 .,) 

f hereby re110ke all previous powers of attorney given in the above--ldenttfled .ipplleation. 

I 
I hereby appoint 

I 181 Practltloners a:s50Cil'!ted with the Customer 
51885 Number: 

OR 
D Practlllonerlsl named below; 

Name 11eg!stra1lon Number 

as my/our auomey(s) or agent(s) to prosecu1e the &ppfic::ation identi1iad above, and to transact au buainees in the United States 
Patent and Trademark Office connected therewith. 

Please recognize or cllange the corresponderice address for the above-Identified applie8tlori 10; 

[8] The address as:!ioelated with the above-mentioned CuatomGr Numbar 

OR 

I I □ Toe addre1111 ~111;1oeiatad with Customer Numbt!lr: 

OR 

D Firrnor 
Individual Nama 

Address 

City l State I I ZIP I 
Country 

Telephone I i:ax I 
lam the; 

181 ApplicanVlnventor. 

D Assignee of record of the entire Interest. See 37 CFR 3. 71. 
Statement under 37 CFF? 3.13fb) is enclosed, fForm PTO/$M6l 

SIGNATURE of Applicant or Aulgnae of Re1cord 

Signature 4./ • ~·-~ I Date I ()2/27/of .. . 
Name Igor Pollshchuk 

, I Telephone I ~()6 S-',, s- //'ff"./ 
Trtle and Company ~~,lf,1 ~Cd-,~~,t.--, 
N0Te; Signstunis of ell the Inventors tir aesigneeg of record or the e11t1ro l"to10~1 or thM rr,,,:iroMntlJIM>(S) are 111Qv(red. Submit multiple forms If more 
than one slanaturo ts roavlred sM bslow", 
00 •Total of 3 f-orms are submitted. 

TI!I~ ,;ol~ellon Qf lnlormetlon Is l'l!q~lred by 3? C~R 1.31 ""d ,.a;a. TM lnlDITMUO!\ l'I reqlllred to obtain Of N!IBil'l 8 Ctmellt by Iha publlo whl<:!h I• ta 111A (AM l;ly 1118 USPTO to process) 
on oppbtlon. Conlla~ntill~ty 19 goverm1d Dy 35 ll,5.C. 122 and 37 CFR 1.11 ond 1.14. Thlll c,glleatJQn ~ ~IJllll\Qted Ill LBke 3 mlnulea to c:om)>lDlt, in<;tudln9 9•lhorin9, pmpAri'11!, an<J 
aubmttllng lhe ct>mplotad •PPII""~"" torm to 1119 USPTO, Time WIii '111,Y depeMlh!J upcti lha lndlvldua.J am,a, My ~nle on t~e !lmount Of uma you require to oomplata !hf~ f1,rm 
11-MIOI suggeeUona ror rDduoin11 thl• bunl'cin, •hould bll ••nt lo IM Cl11"1 l'l!Offlll\llOn omo,,1, U.S. P~lam and Tmdomm Offlc,g, U.S. 0..pArtm,,ni or r;:_r,i,o,, P.O. 0<1> 1460, 
Ala•andrla, VA 2231~14SO. CO NOT SEND FEES OR COMPLETI!O FORMS TO THIS AOOfre.$$, $E;ND TO: Cllfflffll8111Dni!I' N!r Patenbs, P.0, !ax 145'l, Alo1mndrl~, VA 22!11S-
1450. 
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Flret Named Inventor 

PTO/SB/61 (01.Q8) 
Approved for we 1hl'Qll'9h 12131/2.008. 0MB 0851--0035 

U.S. P!ilent and Tradem9t1< Office; U.S, OEPARTMEN't OF COMMERCE: 

Igor Pollehchuk 

r, 

POWER OF ATTORNEY 

and 

CORRESPONDENCE ADDRESS 
INDICATION FORM 

lltle 
MEMORY TRANSISTOR WITH MUL Tl PLE CHARtlE 
STORING LAYl:RS ANDA HIGH WORK FUNCTION 
GATE ELECTRODE 

Art unn unknown 

Examlnor Namo unknown 

PM:;?007027 

I hereby revoke all previous powers of attorney given in the ab<;>ve-identitied application. 

I 
I hereby appoint: 

I 
181 Praelitioners associated with the Customer 

Numba~ 5188S 
OR 

O Praetitioner(s) named balow: 

Name Registration Number 

as my/our attomey(s) or agent(s) to prosecute the appllcatlon Identified above, and le transact all business in the United Stales 
Patent and Trademark Office connected therewith. 

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

121 The address assoclaled with the above-mentioned Customer Number 

OR 

I I □ The addreGG asGQCiatad with Customer Number: 

OR 

D Finn/Jr 
lndlv1dual Name 

Address 

City I State I I llP I 
Country 

Telephone I Fax I 
I am the: 

181 Applicant/lnventor. 

D A$Signee of record of the entire Interest. See 37 CFR 3.71, 
Statement under 37 CFR 3. 73fb) /3 enalosed. rForm PTO/Sf!/!161 

SIGNATURE of Applicant or Assignee of Recor"d 

Signat~re J,<j- _:_ D P fr" 0 D I.,.,, I Date I ;,/3 ,~ 
Name aswamy Ramkumar I T..-rei:itione I 
rrt1e and Company S-< • M-t..-«"t ~ -:rl- ,e.c::~ 1"\; cc& $'\-o..H: c~~ ~~~ 
NOTE: Slgnaturaa of an me tnventors or assigMes of record of the entire Interest or their repr~!.lenl~tlvo(s) ~re 1'9QUil'$tl, Submit multiple forms It more 
thim i:,ne slanatum la rooulred !lee llelOW". 

lx1 •To1al of 3 forms are submitted. 
Thi, oonecllon of Information I• mqulrml b)I :;1 CFR 1..J1 an~ 1.33. The 1nrormauon i, reqlllrad la abt.iln "'no1A1n ~ ~~~RIii w uie publle wnlffl la 1o mo (ond t.i,, lhg USF>rc 1a p-J 
Rn llflpll""'~Qn, Conlklent!elllY 16 A<M!fflod by 35 U.S.C. 122 Md 37 ¢FF! 1,11 eM 1, 1>1, TNll eolleetlcn lo ...tlmol<ld lo lllkl• 3 mlnl.11t9 to c.omplet&, lnctudl~g 9alherin9, propnrlng. ~nQ 
,ubmlHlne tno cgr,ipl"t8d appnc~fle>n form to lhe USPTO. Tlma wlU vory dRJ>"flqlng 1,1PQn 1118 lrKIMlll!al e&e. Ahf oorm1iml• on tllA •m11u111 Ill' ume you ~ul~ to mmplettJ thl• l\mn 
end/or auwectlon• for mduclng Ihle DUTTlen, ,11ould b& aenl Ir, !hi, Chia! lnfomiotlon Offl«:111', lJ,S, Palen! SM Tradem8tk Offlc.o, U.S. O..p11rtrmnt ol Commerce, P.O. Box 1460, 
l'IOlllnl!~~. VA ZZ313-145D. 00 NOT SENO FEES OR CCMP~l;TF.itl FCRMS TO THIS ADDRESS. SEND TO: Commb•l-r tor Patente, P,0, e ... 1.l!O, Alo,mndrlo, YA 2u1,. 
14/JG. • 
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- -
/ Application Number 

POWER OF ATTORNEY Filina Date 

First Named Inventor 

PTOISB/81 (01-08) 
~ed for use IIYough 12/31/2008. OMS 0651-0035 

U.S. Patenl and Trademart< Office; U.S. DEPARTMENT OF COMMERCE 
i i I 

not yet known 

r: -\<',,-0'-
Igor Polishchuk 

r. 

' 
and MEMORY TRANSISTOR WITH MULTIPLE CHARGE 

CORRESPOND EN CE ADDRESS Title STORING LAYERS ANO A HIGH WORK FUNCTION 
GATE ELECTRODE 

INDICATION FORM Art Unit unknown 

Examiner Name unknown 

'" Attorney Docket Number Pt-.12007027 

I hereby revoke all previous powers of attorney given in the above-identified application. 

I hereby appoint: 

I I 181 Practitioners associated with the Customer 
Number: 51885 
OR 

0 f'ractitlonerCs) named below: 

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 connected therewith. 

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

(81 The address associated with the above•mentioned Cus tamer Number 

OR 

I I D The address associated WJtti Custom er Number: 

OR 

0 Firm or 
Individual Name 

Address 

City State I I ZIP I 
Country 

Telephone I Fax I 
lam the: 

t8l Applicant/Inventor. 

□ Assignee of record of the entire interest. See 37 CFR 3.71. 

Statement under 37 CFR 3. 73(bJ is enclosed. (Form PTO/SB/96) 

SIGNATURE of Applicant or Assignee of Record 

Signature c; _,,, ,t,f /IJ ✓A I Date I ..A,1ar-e,h- /{)- OS? 
Name Sagy Levy ,,( I Telephone I --Title and Company V ( J 

NOTE: Signatures of au the Inventors or assignees of record of the ~mire Interest or their representatlve(s) are required. Submtt multiple forms if more 
than one sionature is reauired, see beklw". 

12] •rotal of 3 forms are submitted. 
This colklclion ot infi>rmaUon,. requlred by 37 CFR 1.31 and 1,33. The 1nlonnat,on ,s requ~O<t toob:.a,n or retain a benefit by tho pwi,c whi<:11_,. to fdo (and by tho USPTO to p,oc,,.,) 
an eppliootiO<t Confidentilllity is govemea by 35 u.s.c. 122 ond 37 CFR 1.11 and 1.14, This a,llec;tioo •• - to tal<o 3 min\llai to complete, U'tdudinll Qath&Mg. preparing. and 
outJmi!!ing tno compiO!od apl]4iealion f:,o-n to tho USPTO. Timo .,,;u vary '"'ponding upon tho itldMdual ca&e, Any comments on the amount of Ume you requiro to eoml]4ete lhi• tom, 
and/or 5ugg0$tions IC< n>ducing this DUrden, should Ila SG1ll to tile Chief lnfonnation Officer, U.S. Pal1'nt llll<f T,-rnatk Office. U.S. 0-rtment of Commen:4, P.O. Box 1450, 
AJoxandrla, VA 22313-1450. 00 NOT SEND FEES OR COMPI.ET'EO FORMS TO THIS ADORES$. SEND TO: Commlasionor for Pallmts, P.O. Bo• 1450, Alo .. ncma, VA 22313-
1450, 

Sandisk Technologies, Inc. - Ex. 1038, Page 000148



PATENT APPLICATION SERIAL NO. 

05/19/2008 SSITHIB10000001712152518 
02 FC 1011 
03 FC 1111 
04 FC 1311 

PT0-1556 
. (5/87) 

310.00 OP 
510.00 OP 
210.00 OP 

----------
U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 

*U.'S. Government Printing Office: 2002-: 489-267/69033 
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• PTCWB/06 (1<M>7) 
. . Approved for use thn:,ugfi 06/30/2010. OMS 0651-0032 

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

Reduction Ad. of 1995 no _,,,.,,.,. an, nHJtdnld to l"BllDfflllf to a oollecfion d lntormation unless It dl1tnl""" a valid 0MB contn:J1 number. 

PATENT APPUCArlON FEE DETERMINATJON RECORD Application or Ooc:ket Number 
Substitute for Form PT0-875 \l. \"' .a..._~ \ ,, . 

APPUC~TION.AS FILED - PART I .. OTHER THAN 
(ColUffll'I 1) (Column 2) SMALL ENTITY OR SMAil. ENTilY 

FOR NUMBER FILED .NUMBER EXTRA RATE($) FEE($) RATE($\ FEE($) 
BASIC.fEE NIA NIA 'NIA NIA (37 CfR 1.18lal. lbl or (Cl) $155 $310 
SEARCH FEE 
(37 CfR 1.16(10. (I), or (m)) NIA NIA NIA $255 NIA $510 

EXAMINATION FEE NIA NIA NIA $105 
NIA 

$210 
(37 CfR t.18(oJ. {JI), or (q)) --
TOTAL Cl.AIMS .a_ Q • minus 20 ., -mcm U8(1)) . X $25= •. OR X $50 = 
INDEPENDENT Cl,AIMS '(~ mnus:i., 

- ; 

(37 CfR 1.16(li)) . X $105. = ·X $210 .= 

If the speclficati<>n and drawings exceed 1 oo 
; 

APPLICATION SIZE sheets of paper, the application size fee due 
FEE Is $260 ($130 for small entity) for each ·~130 $260 

·(37CFR 1.16(1)) additional 50 sheets or fracJk>n thereof. See 
35 u.s.c. 41(a)(1)(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(1)) $185 $370 

• If the diffen,nce In column 1 Is less than zero, enter 'JO" In column 2. 

' 
TOTAl. TOTAL \\\o~ 

APPLICATION AS AMENOED - PART 11 
q 

\~ 
(Column 1) • (Column 2) (Column 3) OR OTHER THAN 

SMALL ENTITY SMAU.. ENTITY 
CLAIMS HIGHEST 

< REMAINING . NUMBEij PRESENT RATE($) ADDI• RATE($) ADDI• 
AFTER. PREVIOUSLY EXTRA TiONAL TIONAL 

~ AMENDMENT PAID FOR FEE($) FEE l$l 
w Tocal . Minus - = 

l5 (37 CfR 1.1G(I)) X $25 = OR. X $50 == 
ll•feJ I ldalll . Minus - = z (Jt«Ht.Mllt)) X $105 = OR X 'i:210 = w 

:i: ~ Size Fee (37 CFR 1.16(1)) . < - .. -
ARST PAESENTATION Of MULTIPLE~ Cl.AIM (37 CFR 1.16(j)) $185 ·OR $370 

'. 
•.• .... 

TOTAL TOTAL 
ADD'LFEE OR ADD'l FEE 

(Column 1) (Column2) (Column 3) 

CLAIMS HIGHEST 

m REMAINING NUMBER PRESENT RATE($) ADDI• RATE($) ADDI• 

'!z 
AFTER PREVIOUSLY EXTRA TIONAL TIONAL 

AMENDMENT PAID FOR FEE($) FEE($) 

w Total • Minus .. = 
:i: P7CFR 1.M(Q) .. X $25 = OR .X.$50 = 
a ·=·· . Minus - . .. z (.'17 t.ffl(II)) X $105 = 

.. 
OR X $210 = w 

~ 
Size Fee (37 CFR 1.16(8)) 

ARST PRESENT:ATION Of ~TIPLE DEPENDENT Cl.AIM (37 CFfU. 16(J)) $1115 OR $370 

TOTAL 
OR 

TOTAL 
ADD'LFEE ADO'LFEE 

• I the entry In column 1 Is less than the entry In 9Qfumn 2, write -o• In column 3. 
" I lhe iilghest Number Pre\ltously Paid For" IN THIS SPACE ls·lesa than 20, enter -io•. ; - r Che "Highest Number Pmtously Paid Fof" IN THIS SPACE Is less than 3, enter •3•. 

The "Hlahe$t Number Previously Paid Fo(' (Total or no Is the hklhest number found In the aoorooriate box In column 1. 
This collection of·tnrormation la required by 37 CFR 1.16. The Information Is required fD obtain or retain a benefit by the pubrac which Is ti file (and by 11' 
USPTO to pn,ceaa) an applicafion. Confidentiarrtyfs_ aovemed tw 35 U.S.C. 122· ~ 37. CFR ~.1-4." This col1edion Is ~.'!'8fed fD take 1211'11ootB8 to complete, 
Inducing galhetlng. ~. and 9Ubmltfing the completed applc:a1ion fom'fto Che USPTO. Time wll vary depending upon the !ncflvldual case. Any commen1s 
an ht 'lllricNn of. lme you require to. oampleCe Ha farm and/or augge1Ue11ia for reducing this bun:len, ilhould be Nnt to the Chief Information Officer, U.S. Patent 
andTl'lldemmtOffice, U.S. DeplrtmentofConvnllfce, P;O, Box1"50,Alexandrta, VA22313-1"50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patsnts, P.O. Box.·1450, Alexandria. VA 22313-1'50 .. . . 

If you nHd &$$/stance In completing ttlfil lonn, ca/11-800-PT0-9199 end select option 2. 
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PTO/SB/17 (10-07) 
Approved for use through 06/30/2010. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no oersons are reauired to respond to a collection of information unless it displays a valid 0MB control number 

~ Effective on 1210812004. Complete if Known "' 
Cfl:ees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818). 

Application Number -0 FEE TRANSMITTAL -I Filing Date Mav 13 2008 0 
For FY 2008 First Named Inventor lqor Polishchuk 

Examiner Name 0 Applicant claims small entity status. See 37 CFR 1.27 
Art Unit 

\..TOTAL AMOUNT OF PAYMENT I ($) 1070 Attorney Docket No. PM2007027 ~ 

METHOD OF PAYMENT (check all that apply) 

[2J Cheek D Credit Card D Money Order 0None Oother (please identify): 
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