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SCORE Placeholder Sheet for IFW Content 

Application Number: 16729838 Document Date: 12/30/2019 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 YMTC Ex. 2002 
Micron v. YMTC 

IPR2024-00793 Page 1



, 
PTO/AIA/15 (10-17) 

Approved for use through 11/30/2020. 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 Attorney Docket No. 4123.0850001 

PATENT APPLICATION First Named Inventor Zilong CHEN 

"\ 

TRANSMITTAL Title METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Priority Mail Express® 
\... (Only for new nonprovisional applications under 37 CFR 1.53(b)) Label No. 

APPLICATION ELEMENTS Commissioner for Patents 

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

1. □ Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS 
(PTO/SB/17 or equivalent) 

2. □ Applicant asserts small entity status. 10. D Assignment Papers 

See 37 CFR 1.27 (cover sheet & document(s)) 

3. □ Applicant certifies micro entity status. See 37 CFR 1.29. 
Name of Assignee Yangtze Memory Technologies Co .. Ltd. 

Applicant must attach form PTO/SB/15A or B or equivalent. 

4.0 Specification [Total Pages 24 l 11.D 37 CFR 3.73(c) Statement 0 Power of Attorney 
Both the claims and abstract must start on a new page. (when there is an assignee) 
(See MPEP § 608.0l{a)for information on the preferred arrangement) 12. □ English Translation Document 

5.0 Drawing(s) (35 U.S.C. 113) [Total Sheets 8 l (if applicable) 

6. Inventor's Oath or Declaration [Total Pages l 13. □ Information Disclosure Statement 
(including substitute statements under 37 CFR 1. 64 and assignments (PTO/SB/08 or PT0-1449) 
serving as an oath or declaration under 37 CFR 1. 63(e)) D Copies of citations attached 
a. D Newly executed (original or copy) 14. □ Preliminary Amendment 
b. D A copy from a prior application (37 CFR 1.63(d)) 15. □ Return Receipt Postcard 

7.0 Application Data Sheet * See note below. (MPEP § 503) (Should be specifically itemized) 
See 37 CFR 1.76 (PTO/AIA/14 or equivalent) 16. □ Certified Copy of Priority Document(s) 

8. CD-ROM or CD-R (if foreign priority is claimed) 
in duplicate, large table, or Computer Program (Appendix) 17. □ Nonpublication Request 

□ Landscape Table on CD Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35 

9. Nucleotide and/or Amino Acid Sequence Submission 
or equivalent. 

(if applicable, items a. - c. are required) 18. 0 Other: EOT Authorization Under 37 C.F.R. 1.136(a)(3) 

a. D Computer Readable Form (CRF) Filing Fees: $1720.00 

b. D Specification Sequence Listing on: Surcharge Fee: $160.00 

i. D CD-ROM or CD-R (2 copies); or 

ii.D Paper 

c. D Statements verifying identity of above copies 

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an 

assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary 
interest in the matter. See 37 CFR 1.46(b). 

19. CORRESPONDENCE ADDRESS 

0 The address associated with Customer Number: 26111 OR □ Correspondence address below 

Name 

Address 

City I State I I Zip Code 

Country I Telephone I I Email 

Signature /Donald J. Featherstone/ Date 12/30/19 
Name 

Donald J. Featherstone 
Registration No. 33,876 (Print/Type) ( Atta rn ey /Agent) 

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 submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount ohime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 4123.0850001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El Ji'ilong I J:HEN I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City Euhan, Hubei l1country of Residence i l~N I 

Mailing Address of Inventor: 

Address 1 "'angtze Memory Technologies Co., Lid. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I J!Vuhan, Hubei I State/Province 11 

Postal Code I ~30000 I Countryi I FN 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El t<iang I tu I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City Euhan, Hubei IICountry of Residence i l~N I 

Mailing Address of Inventor: 

Address 1 vangtze Memory Technologies Co., Lid. 

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone 

City I f!Vuhan, Hubei I State/Province 11 

Postal Code I ~30000 I Countryi I ~N 

All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 

EFSWeb2.2.13 IPR2024-00793 Page 4



PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 4123.0850001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number ]6111 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Attorney Docket Number ft 123.0850001 I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I~ I Suggested Figure for Publication (if any) 11 
Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

I 

Publication Information: 
□ 

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and 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. 

Representative Information: 

. 

. 

;_ 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner lo Limited Recognition (37 CFR 11.9) 

Customer Number ~6111 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 4123.0850001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status !"ending IT I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I j:;ontinuation of IT PCT/CN2019/112728 ~019-10-23 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (Poxi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

4123.0850001 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 4123.0850001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
Assignee 

I 
Legal Representative under 35 U.S.C. 117 

I 
Joint Inventor 

• Person to whom the inventor is obligated to assign . I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I tangtze Memory Technologies Co., Ltd. 

Mailing Address Information For Applicant: 

Address 1 No. 88 Weilai 3rd Road 

Address 2 East Lake High-Tech Development Zone 

City Nuhan, Hubei State/Province 

Country I J:;N Postal Code 430000 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 4123.0850001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name I ~angtze Memory Technologies Co., Ltd. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 No. 88 Weilai 3rd Road 

Address 2 East Lake High-Tech Development Zone 

City 1/Vuhan, Hubei I I State/Province 

Countryi I ~N Postal Code 430000 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
I Add I selecting the Add button. 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature VDonald J_ Featherstone/ Date (YYYY-MM-DD) ~019-12-30 

First Name ponald J_ I Last Name I f eatherstone Registration Number h33,876 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 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 contains a valid 0MB control number. 

Attorney Docket Number 4123.0850001 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

This collection of information is required by 37 CFR 1. 76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime 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. 
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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: 

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 the Freedom of 
Information Act requires disclosure of these records. 

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 PatentCooperationTreaty. 

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)). 
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[0001] 

[0002] 

[0003] 

[0004] 

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

CROSS-REFERENCE TO RELATED APPLICATIONS AND 
INCORPORATION BY REFERENCE 

This application claims priority to PCT/CN2019/l 12728 filed on October 23, 2019, 

which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The present disclosure generally relates to the field of semiconductor technology, and 

more particularly, to a method for reading a three-dimensional (3D) memory. 

BACKGROUND 

As memory devices are shrinking to smaller die size to reduce manufacturing cost 

and increase storage density, scaling of planar memory cells faces challenges due to process 

technology limitations and reliability issues. A three-dimensional (3D) memory architecture 

can address the density and performance limitation in planar memory cells. 

In a 3D NAND flash memory, memory cells can be programmed for data storage 

based on charge-trapping technology. The storage information of a memory cell depends on 

the amount of charge trapped in a storage layer. However, fast charges, i.e., charges trapped 

in shallow traps, can be easily lost. Therefore, the threshold voltage determining the stored 

information can be different between write and read operations. Accordingly, a read-prepare 

step is included in a read-verification operation after programming to remove the fast charges 

and verify the threshold voltage of the memory cell. Fast charge loss depending on the 

intrinsic de-trapping process in the storage layer can be long, making the read-verification 

operation inefficient. Therefore, a need exists for a method to accelerate fast charge loss so 

that threshold voltage or storage information of the memory cell can be verified or read more 

accurately and efficiently. 
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BRIEF SUMMARY 

[0005] Embodiments of a method for conducting read-verification operation of a memory 

cell in a three-dimensional (3D) memory device is described in the present disclosure. 

[0006] One aspect of the present disclosure provides a method for conducting a read-

verification operation on a target memory cell in a three-dimensional (3D) memory device. 

The method includes removing fast charges of the target memory cell at a read-prepare step, 

which includes applying a prepare voltage (Vprepare) on an unselected top select gate 

(Unsel_ TSG) of an unselected memory string, applying a first off voltage (Voff) on a selected 

word line (Sel_ WL) associated with the target memory cell, and applying a pass voltage 

(Vpass) on an unselected word line (Unsel_ WL). The method also includes measuring a 

threshold voltage of the target memory cell at a sensing step. 

[0007] In some embodiments, the method further includes applying a top select gate voltage 

(Vtsg) on a selected top select gate (Sel _ TSG) of a selected memory string containing the 

target memory cell, and applying a lower select gate voltage (Vtsg) on a lower select gate 

(LSG) of the selected memory string containing the target memory cell. 

[0008] In some embodiments, applying the top select gate voltage (Vtsg) includes electrically 

connecting the selected memory string to a bit line. In some embodiments, applying the 

lower select gate voltage (Vtsg) includes electrically connecting the selected memory string to 

an array common source. 

[0009] In some embodiments, applying the top select gate voltage (Vtsg) includes applying a 

voltage between 4V to 7V. In some embodiments, applying the lower select gate voltage 

(Vtsg) includes applying a voltage between 4V to 7V. 

[0010] In some embodiments, applying the pass voltage (Vpass) includes applying the pass 

voltage with a delay period after the selected top select gate (Sel _ TSG) and the lower select 

gate (LSG) are at the top select gate voltage (Vtsg) and the lower select gate voltage (Vtsg), 

respectively. 

[0011] In some embodiments, measuring the threshold voltage includes applying a read 

voltage (Vread) on the selected word line (Sel_ WL). In some embodiments, applying the read 

voltage (Vread) includes applying a voltage between 0 to 2V. In some embodiments, applying 

the read voltage (Vread) includes applying a second off voltage on the unselected word line 

Atty. Dkt. No. 4123.0850001 
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(Unsel_ WL). In some embodiments, applying the second off voltage on the unselected word 

line (Unsel_ WL) includes applying a 0V. 

[0012] In some embodiments, applying the read voltage (Vread) includes applying the read 

voltage (Vread) when a voltage of the unselected top select gate (Unsel_ TSG) is higher than a 

threshold voltage of an unselected memory cell. In some embodiments, applying the read 

voltage (Vread) includes applying the read voltage (Vread) when a voltage of the unselected top 

select gate (Unsel_ TSG) equals to a threshold voltage of an unselected memory cell. In some 

embodiments, applying the read voltage (Vread) includes applying the read voltage (Vread) 

when a voltage of the unselected top select gate (Unsel _ TSG) is lower than a threshold 

voltage of an unselected memory cell. 

[0013] In some embodiments, applying the prepare voltage (Vprepare) includes applying a 

voltage between 4V to 7V. In some embodiments, applying the first off voltage (Vofl) 

includes applying a 0V. In some embodiments, applying the pass voltage (Vpass) includes 

applying a voltage between 5V to 9V. 

In some embodiments, removing the fast charges includes removing the fast charges 

from a storage layer of the target memory cell of a selected memory string, wherein the 

selected memory string includes a channel hole penetrating vertically through a film stack of 

alternating conductive and dielectric layers, a core filling film in a center of the channel hole, 

and a memory film covering a sidewall of the channel hole. The selected memory string also 

includes a channel layer sandwiched between the memory film and the core filling film. In 

some embodiments, the memory film includes a barrier layer, the storage layer and a 

tunneling layer. 

[0014] In some embodiments, removing the fast charges includes removing electrical 

charges from shallow traps in the storage layer of the target memory cell. 

[0015] In some embodiments, removing the fast charges includes removing the fast charges 

from the target memory cell to a neighboring unselected memory cell. 

[0016] In some embodiments, conducting the read-verification operation comprises 

conducting the read-prepare step and conducting a failed bit count in parallel. 

[0017] Other aspects of the present disclosure can be understood by those skilled in the art in 

light of the description, the claims, and the drawings of the present disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated herein and form a part of the 

specification, illustrate embodiments of the present disclosure and, together with the 

description, further serve to explain the principles of the present disclosure and to enable a 

person skilled in the pertinent art to make and use the present disclosure. 

[0019] Fig. 1 illustrates a schematic top-down view of an exemplary three-dimensional (3D) 

memory die, according to some embodiments of the present disclosure. 

[0020] Fig. 2 illustrates a schematic top-down view of a region of 3D memory die, according 

to some embodiments of the present disclosure. 

[0021] Fig. 3 illustrates a perspective view of a portion of an exemplary 3D memory array 

structure, in accordance with some embodiments of the present disclosure. 

[0022] Fig. 4(a) illustrates a cross-sectional view of 3D memory cells, according to some 

embodiments of the present disclosure. 

[0023] Fig. 4(b) illustrates a schematic diagram of a 3D memory array, according to some 

embodiments of the present disclosure. 

[0024] Fig. 5 illustrates a timing diagram of a read-verification operation with a prepare 

[0025] 

voltage (pre-pulse) applied on a selected word line, according to some embodiments of the 

present disclosure. 

Figs. 6-8 illustrate timing diagrams of read-verification operations with accelerated 

fast charge loss, according to some embodiments of the present disclosure. 

[0026] The features and advantages of the present invention will become more apparent from 

the detailed description set forth below when taken in conjunction with the drawings, in 

which like reference characters identify corresponding elements throughout. In the drawings, 

like reference numbers generally indicate identical, functionally similar, and/or structurally 

similar elements. The drawing in which an element first appears is indicated by the leftmost 

digit(s) in the corresponding reference number. 

[0027] Embodiments of the present disclosure will be described with reference to the 

accompanying drawings. 
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DETAILED DESCRIPTION 

[0028] Although specific configurations and arrangements are discussed, it should be 

understood that this is done for illustrative purposes only. A person skilled in the pertinent art 

will recognize that other configurations and arrangements can be used without departing 

from the spirit and scope of the present disclosure. It will be apparent to a person skilled in 

the pertinent art that the present disclosure can also be employed in a variety of other 

applications. 

[0029] It is noted that references in the specification to "one embodiment," "an 

embodiment," "an example embodiment," "some embodiments," etc., indicate that the 

embodiment described can include a particular feature, structure, or characteristic, but every 

embodiment can not necessarily include the particular feature, structure, or characteristic. 

Moreover, such phrases do not necessarily refer to the same embodiment. Further, when a 

particular feature, structure or characteristic is described in connection with an embodiment, 

it would be within the knowledge of a person skilled in the pertinent art to affect such 

feature, structure or characteristic in connection with other embodiments whether or not 

explicitly described. 

[0030] In general, terminology can be understood at least in part from usage in context. For 

example, the term "one or more" as used herein, depending at least in part upon context, can 

be used to describe any feature, structure, or characteristic in a singular sense or can be used 

to describe combinations of features, structures or characteristics in a plural sense. Similarly, 

terms, such as "a," "an," or "the," again, can be understood to convey a singular usage or to 

convey a plural usage, depending at least in part upon context. In addition, the term "based 

on" can be understood as not necessarily intended to convey an exclusive set of factors and 

may, instead, allow for existence of additional factors not necessarily expressly described, 

again, depending at least in part on context. 

[0031] It should be readily understood that the meaning of "on," "above," and "over" in the 

present disclosure should be interpreted in the broadest manner such that "on" not only 

means "directly on" something, but also includes the meaning of "on" something with an 

intermediate feature or a layer there between. Moreover, "above" or "over" not only means 
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"above" or "over" something, but can also include the meaning it is "above" or "over" 

something with no intermediate feature or layer there between (i.e., directly on something). 

[0032] Further, spatially relative terms, such as "beneath," "below," "lower," "above," 

[0033] 

"upper," and the like, can be used herein for ease of description to describe one element or 

feature's relationship to another element(s) or feature(s) as illustrated in the figures. The 

spatially relative terms are intended to encompass different orientations of the device in use 

or process step in addition to the orientation depicted in the figures. The apparatus can be 

otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative 

descriptors used herein can likewise be interpreted accordingly. 

As used herein, the term "substrate" refers to a material onto which subsequent 

material layers are added. The substrate includes a "top" surface and a "bottom" surface. The 

top surface of the substrate is typically where a semiconductor device is formed, and 

therefore the semiconductor device is formed at a top side of the substrate unless stated 

otherwise. The bottom surface is opposite to the top surface and therefore a bottom side of 

the substrate is opposite to the top side of the substrate. The substrate itself can be patterned. 

Materials added on top of the substrate can be patterned or can remain unpatterned. 

Furthermore, the substrate can include a wide array of semiconductor materials, such as 

silicon, germanium, gallium arsenide, indium phosphide, etc. Alternatively, the substrate can 

be made from an electrically non-conductive material, such as a glass, a plastic, or a sapphire 

wafer. 

[0034] As used herein, the term "layer" refers to a material portion including a region with a 

thickness. A layer has a top side and a bottom side where the bottom side of the layer is 

relatively close to the substrate and the top side is relatively away from the substrate. A layer 

can extend over the entirety of an underlying or overlying structure, or can have an extent 

less than the extent of an underlying or overlying structure. Further, a layer can be a region of 

a homogeneous or inhomogeneous continuous structure that has a thickness less than the 

thickness of the continuous structure. For example, a layer can be located between any set of 

horizontal planes between, or at, a top surf ace and a bottom surface of the continuous 

structure. A layer can extend horizontally, vertically, and/or along a tapered surface. A 

substrate can be a layer, can include one or more layers therein, and/or can have one or more 

layer thereupon, there above, and/or there below. A layer can include multiple layers. For 
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example, an interconnect layer can include one or more conductive and contact layers (in 

which contacts, interconnect lines, and/or vertical interconnect accesses (VIAs) are formed) 

and one or more dielectric layers. 

[0035] In the present disclosure, for ease of description, "tier" is used to refer to elements of 

[0036] 

substantially the same height along the vertical direction. For example, a word line and the 

underlying gate dielectric layer can be referred to as "a tier," a word line and the underlying 

insulating layer can together be referred to as "a tier," word lines of substantially the same 

height can be referred to as "a tier of word lines" or similar, and so on. 

As used herein, the term "nominal/nominally" refers to a desired, or target, value of a 

characteristic or parameter for a component or a process step, set during the design phase of a 

product or a process, together with a range of values above and/or below the desired value. 

The range of values can be due to slight variations in manufacturing processes or tolerances. 

As used herein, the term "about" indicates the value of a given quantity that can vary based 

on a particular technology node associated with the subject semiconductor device. Based on 

the particular technology node, the term "about" can indicate a value of a given quantity that 

varies within, for example, 10-30% of the value (e.g., ±10%, ±20%, or ±30% of the value). 

[0037] In the present disclosure, the term "horizontal/horizontally/lateral/laterally" means 

nominally parallel to a lateral surface of a substrate, and the term "vertical" or "vertically" 

means nominally perpendicular to the lateral surface of a substrate. 

[0038] As used herein, the term "3D memory" refers to a three-dimensional (3D) 

semiconductor device with vertically oriented strings of memory cell transistors (referred to 

herein as "memory strings," such as NAND strings) on a laterally-oriented substrate so that 

the memory strings extend in the vertical direction with respect to the substrate. 

[0039] Fig. 1 illustrates a top-down view of an exemplary three-dimensional (3D) memory 

device 100, according to some embodiments of the present disclosure. The 3D memory 

device 100 can be a memory chip (package), a memory die or any portion of a memory die, 

and can include one or more memory planes 101, each of which can include a plurality of 

memory blocks 103. Identical and concurrent operations can take place at each memory 

plane 101. The memory block 103, which can be megabytes (MB) in size, is the smallest size 

to carry out erase operations. Shown in Fig. 1, the exemplary 3D memory device 100 

includes four memory planes 101 and each memory plane 101 includes six memory blocks 
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103. Each memory block 103 can include a plurality of memory cells, where each memory 

cell can be addressed through interconnections such as bit lines and word lines. The bit lines 

and word lines can be laid out perpendicularly (e.g., in rows and columns, respectively), 

forming an array of metal lines. The direction of bit lines and word lines are labeled as "BL" 

and "WL" in Fig. 1. In this disclosure, memory block 103 is also referred to as a "memory 

array" or "array." The memory array is the core area in a memory device, performing storage 

functions. 

[0040] The 3D memory device 100 also includes a periphery region 105, an area surrounding 

memory planes 101. The periphery region 105 contains many digital, analog, and/or mixed­

signal circuits to support functions of the memory array, for example, page buffers, row and 

column decoders and sense amplifiers. Peripheral circuits use active and/or passive 

semiconductor devices, such as transistors, diodes, capacitors, resistors, etc., as would be 

apparent to a person of ordinary skill in the art. 

[0041] It is noted that, the arrangement of the memory planes 101 in the 3D memory device 

100 and the arrangement of the memory blocks 103 in each memory plane 101 illustrated in 

Fig. 1 are only used as an example, which does not limit the scope of the present disclosure. 

[0042] Referring to Fig. 2, an enlarged top-down view of a region 108 in Fig. 1 is illustrated, 

according to some embodiments of the present disclosure. The region 108 of the 3D memory 

device 100 can include a staircase region 210 and a channel structure region 211. The 

channel structure region 211 can include an array of memory strings 212, each including a 

plurality of stacked memory cells. The staircase region 210 can include a staircase structure 

and an array of contact structures 214 formed on the staircase structure. In some 

embodiments, a plurality of slit structures 216, extending in WL direction across the channel 

structure region 211 and the staircase region 210, can divide a memory block into multiple 

memory fingers 218. At least some slit structures 216 can function as the common source 

contact (e.g., array common source) for an array of memory strings 212 in channel structure 

regions 211. A top select gate cut 220 can be disposed, for example, in the middle of each 

memory finger 218 to divide a top select gate (TSG) of the memory finger 218 into two 

portions, and thereby can divide a memory finger into two memory slices 224, where 

memory cells in a memory slice 224 that share the same word line form a programmable 

(read/write) memory page. While erase operation of a 3D NAND memory can be carried out 
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at memory block level, read and write operations can be carried out at memory page level. A 

memory page can be kilobytes (KB) in size. In some embodiments, region 108 also includes 

dummy memory strings 222 for process variation control during fabrication and/or for 

additional mechanical support. 

[0043] Fig. 3 illustrates a perspective view of a portion of an exemplary three-dimensional 

(3D) memory array structure 300, according to some embodiments of the present disclosure. 

The memory array structure 300 includes a substrate 330, an insulating film 331 over the 

substrate 330, a tier of lower select gates (LSGs) 332 over the insulating film 331, and a 

plurality of tiers of control gates 333, also referred to as "word lines (WLs)," stacking on top 

of the LSGs 332 to form a film stack 335 of alternating conductive and dielectric layers. The 

dielectric layers adjacent to the tiers of control gates are not shown in Fig. 3 for clarity. 

[0044] The control gates of each tier are separated by slit structures 216-1 and 216-2 through 

the film stack 335. The memory array structure 300 also includes a tier of top select gates 

(TSGs) 334 over the stack of control gates 333. The stack of TSG 334, control gates 333 and 

LSG 332 is also referred to as "gate electrodes." The memory array structure 300 further 

includes memory strings 212 and doped source line regions 344 in portions of substrate 330 

between adjacent LSGs 332. Each memory strings 212 includes a channel hole 336 extending 

through the insulating film 331 and the film stack 335 of alternating conductive and dielectric 

layers. Memory strings 212 also includes a memory film 337 on a sidewall of the channel 

hole 336, a channel layer 338 over the memory film 337, and a core filling film 339 

surrounded by the channel layer 338. A memory cell 340 can be formed at the intersection of 

the control gate 333 and the memory string 212. The memory array structure 300 further 

includes a plurality of bit lines (BLs) 341 connected with the memory strings 212 over the 

TSGs 334. The memory array structure 300 also includes a plurality of metal interconnect 

lines 343 connected with the gate electrodes through a plurality of contact structures 214. 

The edge of the film stack 335 is configured in a shape of staircase to allow an electrical 

connection to each tier of the gate electrodes. 

[0045] In Fig. 3, for illustrative purposes, three tiers of control gates 333-1, 333-2, and 333-3 

are shown together with one tier of TSG 334 and one tier of LSG 332. In this example, each 

memory string 212 can include three memory cells 340-1, 340-2 and 340-3, corresponding to 

the control gates 333-1, 333-2 and 333-3, respectively. In some embodiments, the number of 
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control gates and the number of memory cells can be more than three to increase storage 

capacity. The memory array structure 300 can also include other structures, for example, 

TSG cut, common source contact (i.e., array common source) and dummy memory string. 

These structures are not shown in Fig. 3 for simplicity. 

[0046] While floating gate memory cells has been traditionally utilized in flash memories, 

technology based on charge trapping has demonstrated more scaling ability and higher 

intrinsic reliability. Three-dimensional NAND using charge trapping technology has been 

developed for high density storage, where the storage information (e.g., threshold voltage Vth 

of the memory cell) depends on the amount of charge trapped in a storage layer. 

[0047] Fig. 4(a) illustrates a schematic cross-section of a 3D NAND memory 400a, which 

includes memory cells similar to the memory cell 340 in Fig. 3. The memory cell 340-3 

includes a control gate (e.g., the control gate 333), a memory film (e.g., the memory film 

337) and a channel layer (e.g., the channel layer 338, also referred to as the channel). 

[0048] In a 3D NAND memory, the memory film 337 can be disposed on a sidewall of each 

channel hole 336 (illustrated in Fig. 3). In some embodiments, the memory film 337 can 

include a barrier layer 422, a storage layer 424, and a tunneling layer 426. The barrier layer 

422 can be used to block the movement of electronic charges 428 between the control gate 

333 and the storage layer 424. The barrier layer 422 can include silicon oxide and high 

dielectric constant (high-k) dielectrics, for example, aluminum oxide. The storage layer 424 

can be used to store electronic charges 428 and can include silicon nitride. The storage and/or 

removal of charges in the storage layer 424 can impact the on/off state and/or a conductance 

of the channel layer 338. The tunneling layer 426 can be used to control the tunneling of 

electronic charges 428 (electrons or holes) between the channel layer 338 and the storage 

layer 424. The tunneling layer 426 can be silicon oxide, silicon nitride, silicon oxynitride, or 

any combination thereof. In a 3D NAND memory, the channel layer 338 can be disposed on 

a sidewall of the memory film 337 in the channel hole 336 (in Fig. 3.) The channel layer 338 

can include amorphous silicon, polycrystalline silicon, and/or monocrystalline silicon. 

[0049] Fig. 4(b) shows a schematic circuit diagram of a 3D memory array 400b. As 

described previously, the 3D memory array 400b includes a plurality of memory strings 212, 

each memory string 212 having a plurality of stacked memory cells 340. The memory string 

212 also includes at least one field effect transistor (e.g., MOSFET) at each end, which is 
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controlled by the lower select gate (LSG) 332 and the top select gate (TSG) 334, 

respectively. And the two respective transistors are referred to as lower and top select 

transistors 332-T and 334-T. The stacked memory cells 340 can be controlled by the control 

gates 333, where the control gates 333 are connected to word lines (not shown) of the 3D 

memory array 400b. The drain terminal of the top select transistor 334-T can be connected to 

the bit lines (e.g., the bit line 341-1, 341-2, 341-3, etc.), and the source terminal of the lower 

select transistor 332-T can be connected to the doped source line region 344 (see Fig. 3), 

from where an array common source (ACS) 446 can be formed. The array common source 

446 can be shared by the memory strings 212 in an entire memory block, and is also referred 

to as the common source line. 

Referring to Figs. 4(a) and 4(b ), in a NAND memory, read and write operations can 

be performed in a memory page, for example memory page 448, which includes memory 

cells sharing the same word line. In a NAND memory, each memory cell can be in an erased 

state or a programmed state. Initially, all memory cells in a block can be reset to the erased 

state as logic "l" by applying, for example, a negative voltage between the control gates 333 

and source terminals of the memory cells (e.g., the array common source 446) such that all 

the electronic charges 428 in the storage layers 424 of the memory cells can be removed. At 

the erased state, the threshold voltage Vth of the memory cells 340 can be reset to the lowest 

value, and the corresponding current flowing through the memory cells 340 between the 

source terminal (e.g., the array common source 446) and the drain terminal (e.g., the bit lines 

341) can be at the highest level for a given bias on the word lines. 

[0051] During programming (i.e., writing), a high positive voltage pulse (e.g., 12V to 18V) 

can be applied on the control gate 333 such that electronic charges 428 (e.g., electrons) can 

be injected into the storage layer 424 of the memory cell 340, where the electronic charges 

428-1 and 428-2 can be randomly captured by deep and shallow traps, respectively. After 

programming, the threshold voltage Vth of the memory cell 340 can be raised to a higher 

value than that of the erased state. At a higher threshold voltage Vth, the current flowing 

through the source and drain terminals of the memory cell can be at a reduced level for a 

given bias on the word lines. By measuring (i.e., reading) the memory cell current, the 

threshold voltage Vth and thereby the state of the memory cell 340 can be determined 

according! y. 
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With multi-level-cell or triple-level-cell technology, each memory cell 340 can have 

multiple programed states, i.e., multiple values of threshold voltages Vth. After every 

programming pulse, a read-verification operation can be performed to check the state of the 

memory cell. As such, each memory cell 340 can store multiple bits, leading to significant 

increase of storage capacity. 

[0053] For memory cell 340 in a programmed state, electronic charges 428-1 and 428-2 

located within the proximity of control gate 333 can affect threshold voltage Vth of the 

memory cell 340. The electronic charges 428-3 located beyond the electric field from control 

gate 333, and therefore have little impact on the threshold voltage Vth of the memory cell. In 

addition, electronic charges 428-2 captured by shallow traps in the storage layer 424 can be 

easily de-trapped, and can thereby cause initial threshold-voltage (Vth) shift (IVS) during 

storage period. This process is also referred to as fast charge loss. For programmed state at 

higher threshold voltage Vth, IVS can be larger due to larger amount of electronic charges 

injected to the storage layer, which results in larger number of electronic charges 428-2 

captured by shallow traps (also referred to as fast charges). 

[0054] Due to IVS, the programmed state immediately after writing cannot reflect the target 

threshold voltage Vth of the memory cell 340 in real applications. Applying the fake high 

threshold voltage Vth can cause high bit-error-rate in the memory. Therefore, it is necessary 

to de-trap and remove fast charges prior to read operation such that the Vth distribution 

profile of each programmed state can be more accurately determined. 

[0055] Fig. 5 illustrates a timing diagram of a read-verification operation 500 with a prepare 

voltage (pre-pulse) applied on a selected word line, according to some embodiments of the 

present disclosure. The read-verification operation 500 can reduce read disturb for unselected 

memory strings in a 3D NAND memory. Read disturb can occur when the threshold voltage 

V th (i.e., the programmed state) of an unselected memory cell is changed or disturbed during 

read or read-verification of a selected memory cell. In some embodiments, the read­

verification operation 500 includes two steps, i.e., a read-prepare step and a sensing step, 

having duration of tprepare and tsensing, respectively. The timing diagram of a selected top select 

gate (Sel _ TSG), unselected top select gates (Unsel _ TSG), a selected word line (Sel _ WL ), 

unselected word lines (Unsel_ WL) and the lower select gate (LSG) are shown in Fig. 5. 

Atty. Dkt. No. 4123.0850001 

IPR2024-00793 Page 26



- 13 -

[0056] The read-verification operation 500 starts with the read-prepare step. The TSG 334 

and the LSG 332 of a selected memory string, for example TSG 334-3 and LSG 332-3 of a 

selected memory string 212-3 in Fig. 4(b ), can be applied with a top select gate voltage Vtsg 

and a lower select gate voltage Vtsg. A corresponding top select transistor 334-T and a lower 

select transistor 332-T of the selected memory string 212-3 can be switched on. The top and 

lower select gate voltages Vtsg and Vtsg can be in a range between 4V to 7V. Accordingly, a 

current path through the stacked memory cells 340 can be established for the selected 

memory string 212-3. For example, the current flowing through the selected memory string 

212-3 can be detected from the bit line 341-3 and the array common source 446 that are 

electrically connected with the selected memory string 212-3. 

[0057] For the read-verification operation 500, the TSG of unselected memory strings 

(Unsel-TSG), for example TSG 334-1 of memory string 212-1 in Fig. 4(b), can be applied 

with a first off voltage (Voff), for example 0V, to switch off a corresponding top select 

transistor 334-T. Current path between the unselected memory strings 212-1 and bit lines 

341-1 can be disconnected. Therefore, the channel of selected memory string 212-3 and 

unselected memory strings 212-1 can be electrically isolated. 

[0058] It is noted that there is a delay for the voltages to ramp up during the read-prepare 

step. This delay can be caused by parasitic capacitors and resistors, and is well-known for a 

person skilled in the art. Although a memory string is selected and used as an example to 

describe read-verification operation herein, it is noted that a plurality of memory strings, for 

example, a memory finger can be selected and operated in a similar way. 

[0059] Referring again to Figs. 4(a)-(b) and 5, to verify a target memory cell 340-3 in the 

selected memory string 212-3, a selected word line (e.g., Sel_ WL in Fig. 4(b)) can be applied 

with a prepare voltage Vprepare (also referred to as pre-pulse), while other word lines not 

selected (e.g., Unsel _ WL in Fig. 4(b)) can be applied with a pass voltage V pass. The selected 

word line are electrically connected to the control gate 333 of the target memory cell 340-3. 

The prepare voltage Vprepare can be in a range between 4V to 7V, and the pass voltage Vpass 

can be in a range between 5V to 9V. The pass voltage Vpass can be higher than the highest 

threshold voltage of the programmed states such that the memory cells on the selected 

memory string 212-3 can be fully switched on. When the prepare voltage Vprepare is applied 

on the selected word line Sel_ WL, the target memory cell 340-3 can also be switched on. 
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Therefore, at time ti, the top and lower select transistors 334-T and 332-T, and all memory 

cells 340 of the selected memory string 212-3 are switched on. Current flows between the bit 

line 341-3 and the array common source 446 via the channel layer of the selected memory 

string 212-3. As current flowing through the channel layer 338 forming a conductive path, 

de-trapped fast charges 428-2 from the storage layer 424 can be removed through the 

conductive path. However, fast charge loss can be a slow process, which is shown in the 

timing diagram of the selected word line (Sel_ WL) in Fig. 5. 

[0060] In some embodiments, fast charges 428-2 can also be removed by thermal annealing 

or by implementing soft erase with a low negative voltage on the control gate. However, the 

read-prepare step generally can take a long time and thus impact the efficiency of the read­

verification operation. Therefore, a need exists for a read-verification operation to provide 

accelerated fast charge loss and shorten read-prepare step. 

[0061] In some embodiments, the read-prepare step can reduce read disturb for the 

unselected memory strings, for example, memory strings 212-1 and 212-2 in Fig. 4(b). As 

described above, the unselected top select gates (Unsel _ TSG) for unselected memory strings 

(e.g., TSG 334-1 of memory string 212-1) can be applied with the first off voltage (Voff), e.g., 

0V, to switch off the corresponding top select transistors 334-T and disconnect from the bit 

lines (e.g., bit line 341-1) as depicted in Fig. 4(b). In some embodiments, the lower select 

gates (LSG) of the unselected memory strings (e.g., LSG 332-1) are applied with the lower 

select gate voltage Vtsg such that the lower select transistors 332-T are switched on. By 

applying the prepare voltage Vprepare on the selected word line (Sel_ WL), corresponding 

memory cells (e.g., memory cells 340-1, 340-2, 340-3, etc.) can be switched on if the prepare 

voltage Vprepare is selected to be higher than the threshold voltages of the programmed states 

of the memory cells. In this example, the channel of the memory cells of the unselected 

memory strings (e.g., memory cells 340-1) can be electrically connected to the array common 

source 446 to maintain at a predetermined potential, e.g., ground. 

[0062] In an example that the prepare voltage Vprepare is not applied on the selected word line 

(Sel_ WL), the memory cells corresponding to the selected word line (e.g., the memory cell 

340-1 of memory string 212-1) may not be fully switched on (e.g., a voltage applied on the 

selected word line is lower than the threshold voltage Vth of the memory cell 340-1). Upper 

memory cells, i.e., memory cells located between the bit line (e.g., bit line 341-1) and the 
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selected word line (Sel_ WL) of the unselected memory string (e.g., memory string 212-1), 

can have floating channels, where the channel layer is not electrically connected to the bit 

lines 341 or the common array source 446. Channel potential of the upper memory cells of 

the unselected memory string (e.g., memory string 212-1) can vary randomly. Memory cells 

with floating channel can suffer charge loss due to an unknown electrical field between the 

control gate 333 and the channel layer 338 (see FIG. 4(a)). The trapped charges 428 and 

thereby the threshold voltages Vth (i.e., programmed states) of the memory cells can be 

changed or disturbed, where the change can be significant with the increased number of 

reading operation. By introducing the read _prepare step prior to the sensing step, as 

described previously, read disturb on the unselected memory strings can be reduced. 

[0063] After the read_prepare step, the voltage bias on the selected word line (Sel_ WL) can 

be reduced from the prepare voltage Vprepare to a read voltage Vread to sense (i.e., read or 

measure) the threshold voltage Vth of the target memory cell. The read voltage Vread can be in 

a range between 0V to 2V. For the target memory cell programmed with threshold voltage 

Vth lower than the read voltage Vread, the target memory cell can be switch on and form a 

conductive path in the channel layer 338. If the threshold voltage Vth is higher than the read 

voltage Vread, the channel of the target memory cell is switched off The programmed state of 

the target memory cell can be determined accordingly. It is noted that the transition period 

from the prepare voltage Vprepare to the read voltage Vread is a slow process due to parasitic 

capacitance and resistance as well as slow de-trapping process of fast trap loss. The sensing 

step can start after the Sel_ WL reach the read voltage Vread, which increases the overall 

duration tprepare of read-prepare step. 

[0064] Fig. 6 illustrates a read-verification operation 600 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 600 also includes the read-prepare step and the 

sensing step. During the read-prepare step of the read-verification operation 600, the 

Sel _ TSG and the LSG can be applied with the top and lower select gate voltages Vtsg and 

Vtsg, respectively, to switch on the top and lower select transistors 334-T and 332-T (in Fig. 

4(b )), similar to those used in the read-verification operation 500 in Fig. 5. However, unlike 

the read-verification operation 500, the Unsel_TSG of the read-verification operation 600 is 

applied with the prepare voltage Vprepare during the read-prepare step. Accordingly, the 

Atty. Dkt. No. 4123.0850001 

IPR2024-00793 Page 29



- 16 -

selected and unselected memory strings can all be electrically accessed from the bit line 341 

and the array common source 446. 

[0065] In some embodiments, during the read-prepare step of the read-verification operation 

600, the selected memory cell can be switched off by applying a second off voltage, e.g., 0V 

on the selected WL (i.e., Sel_ WL). The unselected memory cells (i.e., Unsel_ WL) can be 

switched on with the pass voltage Vpass after a delay period tdetayl. During the delay period 

tdetay1, all select transistors controlled by Sel _ TSG, Unsel _ TSG and LSG are turned on with 

applied voltages Vtsg, Vprepare and Vtsg and thus the channel of the memory string 212 can be 

electrically connected to the bit line 341 and the array common source 446 (shown in Fig. 

4(b)), and can be maintained at a potential adjustable by a voltage of the bit line 341. When 

the Unsel_ WL is applied with the pass voltage Vpass, all the unselected memory cells of the 

selected memory string are switched on. Therefore, the channel of the selected memory cell 

can be electrically connected to the bit line 341 through upper memory cells and to the array 

common source 446 through the lower memory cells. The channel of the selected memory 

cell can thereby be held at a potential adjustable by the voltage of the bit line 341 and the 

array common source 446. 

[0066] In some embodiments, the delay period tdetayl is implemented such that the channel of 

the memory string 212 is not electrically isolated from the bit line 341 or the array common 

source 446 before Unsel_ WL can be ramped up from 0V to the pass voltage Vpass. Referring 

to Fig. 4(b) and Fig. 6, if the Unsel _ WL is applied with the pass voltage V pass before the 

Sel _ TSG reach the top select gate voltage Vtsg or Unsel _ TSG reach the prepare voltage 

Vprepare, the top select transistors are off and upper portion of the channel layer 338 that is 

located close to the bit line 341 becomes a floating node. More specifically upper memory 

cells located between the bit line and the selected memory cell can have a floating channel 

potential. Similarly, if the Unsel_ WL is applied with the pass voltage Vpass before the LSG 

ramps up to the lower select gate voltage Vtsg to switch on the lower select transistor, lower 

portion of the channel layer 338 that is located close to the array common source 446 

becomes a floating node. More specifically lower memory cells located between the bit line 

and the selected memory cell can have a floating channel potential. When floating, channel 

potential of the memory cells can be boosted by the pass voltage Vpass of the Unsel_ WL 

through coupled capacitance. The boosted channel potential of the unselected memory cells 
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can influence the channel potential of the neighboring selected memory cell and influence 

fast charge removing process. By introducing the delay period tdetay1, the aforementioned self­

boosting effect or read disturb on the selected or unselected memory cell can be avoided. 

[0067] In some embodiments, the read-prepare step also includes a delay period tdetay2, a 

duration between ramping up the pass voltage Vpass ofUnsel_ WL and the read voltage Vread 

of the Sel_ WL. During the delay period tdetay2, the voltage of Sel_ WL is kept at 0V while the 

voltage of Unsel_ WL is raised from 0V to the pass voltage Vpass. As discussed previously, 

the pass voltage Vpass is applied on the Unsel_ WL after the top and lower select transistors 

are switched on with applied voltages Vtsg, Vprepare and Vtsg on Sel_TSG, Unsel-TSG and 

LSG, respectively. As such, the selected memory cell is switched off while unselected 

memory cells are switched on. Referring back to Fig. 4(a), while the selected memory cell 

340-3 is switched off, the neighboring unselected memory cells 340 are switched on. 

Between the selected memory cell 340-3 with a 0V gate bias and the neighboring unselected 

memory cells 340 with a gate bias of the pass voltage Vpass, an electric field parallel to the 

channel can be established accordingly. The electric field between the neighboring selected 

and unselected word line can also extend into the charge storage layer 424, the tunneling 

layer 426 and the channel layer 338. The electric field can generate an electric force on the 

fast charges 428-2 captured in the storage layer 424. The electric force can de-trap the fast 

charges 428-2 from the shallow traps, pull them towards the neighboring unselected memory 

cells. The fast charges can then be recombined with charges of opposite sign or be removed 

through the conductive path established in the channel of the unselected memory cells. As a 

result, fast charges 428-2 in the storage layer 424 of the selected memory cell 340-3 can be 

removed through electric field from neighboring unselected memory cells. 

[0068] Referring again to Fig. 6, the duration of the read-prepare step of the read-verification 

operation 600 includes the sum of the delay period tdetayl and tdetay2. Both tdetayl and tdetay2 can 

be pre-determined values. 

[0069] In some embodiments, after the read-prepare step, the read voltage Vread is applied on 

the Sel_ WL to start the sensing step and BL pre-charge. The sensing step has a duration of 

tsensing, which can also be a predetermined value. During the sensing step, a voltage of 0V is 

applied on the Unsel_TSG, which switches off the unselected top select gates and electrically 

isolates the channel of selected memory string from the channel of unselected memory 
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strings. Similar to the read-verification operation 500 (in Fig. 5), the ramping-down process 

from the prepare voltage Vprepare to 0V has a delay time, resulting from parasitic resistance 

and capacitance of the 3D memory structure. To switch on the memory cells, the prepare 

voltage Vprepare can be set higher than the threshold voltage Vth of the memory cell. When the 

voltage of Unsel_ TSG ramping down from the prepare voltage Vprepare to below Vth, the top 

select transistors of the unselected memory strings are switched off accordingly. The read­

verification operation 600 has a duration tprepare2 from the beginning of the read-prepare step 

to the moment that the Unsel _ TSG drops to below V th. In the other words, the duration 

tprepare2 is the minimum time requirement for turning off the Unsel _ TSG in the read­

verification operation 600. The read-verification operation 600 has a duration tpreparel from 

the beginning of the read-prepare step to the moment that the Unsel_TSG reaches 0V. For 

read-verification operation 600, duration of the read-prepare step, i.e., tdetayl +tdetay2 is less 

than tprepare2. The sensing step and BL pre-charge start when Unsel_TSG is above Vth and the 

unselected top select transistor is still on. This operation can provide a minimum time used 

for the read-prepare step, although more power is consumed. The time saved tPROG-save is a 

difference between tpreparel and tdelay1+tdelay2. 

[0070] Fig. 7 illustrates a read-verification operation 700 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 700 is similar to the read-verification operation 

600, except having a duration of the read-prepare step (i.e., tdetay1+tdetay2) equals tprepare2, the 

minimum time requirement for turning off the Unsel _ TSG. In the read-verification operation 

700, the sensing step and BL pre-charge start when the unselected top select transistors are 

just turned off Still, the time saved tPROG-save can be expressed as the difference between 

tpreparel and tdetay1+tdetay2, as shown in Fig. 7. This operation can be sped-up, and thus 

improved, without consuming more power. 

[0071] Fig. 8 illustrates a read-verification operation 800 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 800 is similar to the read-verification operation 

600, except having a duration of the read-prepare step (i.e., tdetay1+tdetay2) more than tprepare2, 

the minimum time requirement for turning off the Unsel_TSG. In the read-verification 

operation 800, the sensing step and BL pre-charge start after the unselected top select 
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transistors are turned off The time saved tPROG-save can also be expressed as the difference 

between tpreparel and tdetay1+tdetay2, as shown in Fig. 8. This operation can allow more time for 

removing fast charges. 

[0072] As described above, accelerating fast charge loss in a 3D NAND flash memory can 

be achieved by applying the prepare voltage V prepare on Unsel _ TSG, the pass voltage V pass on 

the Unsel_ WL, and OV on the Sel-WL at the read-prepare step. The threshold voltage Vth of 

the target memory cell, associated with the Sel_ WL, can be stabilized before the sensing step 

such that the verified storage data can be more reliable. 

[0073] In addition, the read-verification operation described above can greatly reduce the 

[0074] 

time required at the read-prepare step. The fast charges can be removed by electric field 

generated between Sel _ WL and neighboring Unsel _ TSG. After fast charge removal, the 

sensing step starts when the voltage on Sel_ WL is switched from OV to the read voltage 

Vread, without the need to wait for the Unsel-TSG to ramp down from the prepare voltage 

V prepare to OV. Therefore, the duration of read-prepare step can be shortened, i.e., tdetayl +tdetay2 

< tpreparel, where tPROG-save = tpreparel-tdelayl-tdelay2 is the time saved. 

3D NAND flash memory with multi-level-cells typically uses an algorithm with 

incremental step pulses to program the memory cells. After every program pulse, a read­

verification operation is performed to check the state of the memory cells. When the memory 

cell reaches the target state (i.e., target threshold voltage), the program will be stopped. In the 

meantime, the memory cells not programed to the target state are calculated towards failed 

bit count (FBC), where the FBC can be executed in parallel to the read-verification operation 

to save the time of the entire programming cycle. As shown in Figs. 6-8, FBC operation can 

be performed in parallel with the read-prepare step. In some embodiments, duration of the 

FBC operation can be shorter than the duration of the read-prepare step, and the FBC 

operation can be incorporated within the read-prepare step starting at any suitable time. The 

failed memory cells can be programmed again to the target memory state accordingly. 

[0075] In summary, the present disclosure provides a method for conducting a read-

verification operation on a target memory cell in a three-dimensional (3D) memory device, 

where the method includes removing fast charges of the target memory cell at a read-prepare 

step and measuring a threshold voltage of the target memory cell at a sensing step. Removing 

the fast charges of the target memory cell includes applying a prepare voltage (Vprepare) on an 
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unselected top select gate (Unsel _ TSG) of an unselected memory string, applying a first off 

voltage (Voff) on a selected word line (Sel_ WL) associated with the target memory cell, and 

applying a pass voltage (Vpass) on an unselected word line (Unsel_ WL). 

[0076] The foregoing description of the specific embodiments will so fully reveal the general 

nature of the present disclosure that others can, by applying knowledge within the skill of the 

art, readily modify and/or adapt, for various applications, such specific embodiments, 

without undue experimentation, and without departing from the general concept of the 

present disclosure. Therefore, such adaptations and modifications are intended to be within 

the meaning and range of equivalents of the disclosed embodiments, based on the disclosure 

and guidance presented herein. It is to be understood that the phraseology or terminology 

herein is for the purpose of description and not of limitation, such that the terminology or 

phraseology of the present specification is to be interpreted by the skilled artisan in light of 

the disclosure and guidance. 

[0077] Embodiments of the present disclosure have been described above with the aid of 

functional building blocks illustrating the implementation of specified functions and 

relationships thereof. The boundaries of these functional building blocks have been 

arbitrarily defined herein for the convenience of the description. Alternate boundaries can be 

defined so long as the specified functions and relationships thereof are appropriately 

performed. 

[0078] The Summary and Abstract sections can set forth one or more but not all exemplary 

embodiments of the present disclosure as contemplated by the inventor(s), and thus, are not 

intended to limit the present disclosure and the appended claims in any way. 

[0079] The breadth and scope of the present disclosure should not be limited by any of the 

above-described exemplary embodiments, but should be defined only in accordance with the 

following claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1. A method for conducting a read-verification operation on a target memory cell in a three­

dimensional (3D) memory device, comprising: 

removing fast charges of the target memory cell at a read-prepare step, comprising: 

applying a prepare voltage (Vprepare) on an unselected top select gate 

(Unsel_TSG) of an unselected memory string; 

applying a first off voltage (Voff) on a selected word line (Sel_ WL) associated 

with the target memory cell; and 

applying a pass voltage (Vpass) on an unselected word line (Unsel_ WL); and 

measuring a threshold voltage of the target memory cell at a sensing step. 

2. The method of claim 1, further comprising: 

applying a top select gate voltage (Vtsg) on a selected top select gate (Sel _ TSG) of a 

selected memory string containing the target memory cell; and 

applying a lower select gate voltage (Vtsg) on a lower select gate (LSG) of the 

selected memory string containing the target memory cell. 

3. The method of claim 2, wherein applying the top select gate voltage (Vtsg) comprises 

electrically connecting the selected memory string to a bit line; and applying the lower select 

gate voltage (Vtsg) comprises electrically connecting the selected memory string to an array 

common source. 

4. The method of claim 2, wherein applying the top select gate voltage (Vtsg) comprises 

applying a voltage between 4V to 7V. 

5. The method of claim 2, wherein applying the lower select gate voltage (Vtsg) comprises 

applying a voltage between 4V to 7V. 

6. The method of claim 2, wherein applying the pass voltage (Vpass) comprises applying the 

pass voltage with a delay period after the selected top select gate (Sel_ TSG) and the lower 

select gate (LSG) are at the top select gate voltage (Vtsg) and the lower select gate voltage 

(Vtsg), respectively. 
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7. The method of claim 1, wherein measuring the threshold voltage comprises applying a read 

voltage (Vread) on the selected word line (Sel_ WL). 

8. The method of claim 7, wherein applying the read voltage (Vread) comprises applying a 

voltage between 0 to 2V. 

9. The method of claim 7, wherein applying the read voltage (Vread) comprises applying a 

second off voltage on the unselected word line (Unsel_ WL). 

10. The method of claim 9, wherein applying the second off voltage on the unselected word line 

(Unsel_ WL) comprises applying a 0V. 

11. The method of claim 7, wherein applying the read voltage (Vread) comprises applying the read 

voltage (Vread) when a voltage of the unselected top select gate (Unsel_ TSG) is higher than a 

threshold voltage of an unselected memory cell. 

12. The method of claim 7, wherein applying the read voltage (Vread) comprises applying the read 

voltage (Vread) when a voltage of the unselected top select gate (Unsel_TSG) equals to a 

threshold voltage of an unselected memory cell. 

13. The method of claim 7, wherein applying the read voltage (Vread) comprises applying the read 

voltage (Vread) when a voltage of the unselected top select gate (Unsel_ TSG) is lower than a 

threshold voltage of an unselected memory cell. 

14. The method of claim 1, wherein applying the prepare voltage (Vprepare) comprises applying a 

voltage between 4V to 7V. 

15. The method of claim 1, wherein applying the first off voltage (Voff) comprises applying a 0V. 

16. The method of claim 1, wherein applying the pass voltage (Vpass) comprises applying a 

voltage between 5V to 9V. 

17. The method of claim 1, wherein removing the fast charges comprises removing the fast 

charges from a storage layer of the target memory cell of a selected memory string, wherein 

the selected memory string comprises: 
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a channel hole penetrating vertically through a film stack of alternating conductive 

and dielectric layers; 

a core filling film in a center of the channel hole; 

a memory film covering a sidewall of the channel hole, wherein the memory film 

comprises a barrier layer, the storage layer and a tunneling layer; and 

a channel layer sandwiched between the memory film and the core filling film. 

18. The method of claim 17, wherein removing the fast charges comprises removing electrical 

charges from shallow traps in the storage layer of the target memory cell. 

19. The method of claim 17, wherein removing the fast charges comprises removing the fast 

charges from the target memory cell to a neighboring unselected memory cell. 

20. The method of claim 1, wherein conducting the read-verification operation comprises 

conducting the read-prepare step and conducting a failed bit count in parallel. 
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ABSTRACT 

A method for conducting a read-verification operation on a target memory cell in a three­

dimensional (3D) memory device includes removing fast charges of the target memory cell at a read­

prepare step and measuring a threshold voltage of the target memory cell at a sensing step. 

Removing the fast charges of the target memory cell includes applying a prepare voltage (Vprepare) on 

an unselected top select gate (Unsel_ TSG) of an unselected memory string, applying a first off 

voltage (Voff) on a selected word line (Sel_ WL) associated with the target memory cell, and applying 

a pass voltage (Vpass) on an unselected word line (Unsel_ WL). 
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Transmittal-4123-0850001.PDF 

fee4d 21 c9a5 04c 407900c7aebc56d d2 4 7c 7 
a3584 

Warnings: 

Information: 

1256132 

3 Application Data Sheet ADS-4123-0850001.PDF no 8 
c880c9ae02e9adcde 1 65 9848a6f926Sa2efe 

807e 

Warnings: 

Information: 

108597 
2019-12-30-EOT-

Authorization for Extension ofTime all 
4 

replies 
Authorization-4123-0850001. no 1 

pdf 275b5f42fd8e449f5b940a58a6Sbf508a529 
5115 

Warnings: 

Information: 

258462 

5 Power of Attorney -POA-82A-4123-0850001.PDF no 1 
db6e5979ee 14b0e 7b4e 735931 0af9853f1 ff 

3191 

Warnings: 

Information: 

547697 

6 Power of Attorney POA-82B-4123-0850001.PDF no 1 
f3a73d81 f578f1 a9b6360a 1 557d5e22f7a79 

e02e 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 
Image File Wrapper and may affect subsequent processing 
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Information: 

182957 
2019-12-30-

7 Specification-4123-0850001. yes 24 
pdf 6e1 ca60aa 163289d423e6bc6db022a9ed0c 

76d8f 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Specification 1 20 

Claims 21 23 

Abstract 24 24 

Warnings: 

Information: 

156564 

8 
Drawings-only black and white line 2019-12-30-

8 
drawings Drawings-4123-0850001.pdf 

no 
a5170a 77a9d44 f60 bb0af23a8d efd 79 b7 66E 

3314 

Warnings: 

Information: 

36715 

9 Fee Worksheet (5B06) fee-info.pdf no 2 
ffec9Sa97716d39ddbc6e5998a66a6636ab 

7fa55 

Warnings: 

Information: 

Total Files Size (in bytes) 3189818 

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

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

IPR2024-00793 Page 51



DONALD J. FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

December 30, 2019 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

c;~-1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Re: U.S. Non-Provisional Patent Application under 37 C.F.R. § l.53(b) 
(Continuation of Appl. No. PCTICN2019/J 12728; Filed October 23, 2019) 
Appl. No. To Be Assigned; Filed: Herewith 
For: METHOD FOR READING THREE-DIMENSIONAL FLASH 

MEMORY 
Inventors: CHEN et al. 
Our Ref: 4123.0850001 

Commissioner: 

The following documents are transmitted herewith for appropriate action by the U.S. 
Patent and Trademark Office: 

1. Utility Patent Application Transmittal Form (PTO/ AIA/15); 

2. Payment made electronically for $1,880.00 to cover: 

$1,720.00 - Patent Application fees (including basic filing, search, and 
examination fees); 

$160.00 - Surcharge for late filing of Oath or Declaration; 

3. Authorization to Treat a Reply As Incorporating An Extension of Time 
Under 37 C.F.R. § l.136(a)(3); 

4. U.S. Utility Patent Application entitled: 

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

and naming as inventors: 

Zilong CHEN and Xiang FU 

the application consisting of: 

a. An Application Data Sheet (37 C.F.R. § 1.76); 

St~nw, K~~td~t; Qdd~·%ln & f<.i-~ m.,l.,C, ! "lW{) N~M· \\irk A.v~Wl!t\ N~V l \·\\,sJii~gkm, OJ~. 1(HWS 

P 1\>2.::rn.2M-0 i f J-Ot.J'l1.J540 i zh"'>m%h:"'>t1$ku:ixn 
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Commissioner for Patents 
December 30, 2019 
Page 2 

b. A specification containing: 

1. 20 pages of description prior to the claims; 

11. 3 pages of claims (20 claims); 

111. a one (1) page abstract; 

c. 8 sheets of drawings: (Figures 1-3, 4A, 4B, 5-8); 

5. The Transmittal for Power of Attorney form (PTO/AIA/82A) and an 
executed Power of Attorney by Applicant (PTO/AIA/82B). 

The above-listed documents are filed electronically. 

Correspondence should be sent to Customer Number 26111. 

This patent application is being submitted under 37 C.F.R. § l.53(b) without Declaration. 

Fee payment is provided via electronic filing. The U.S. Patent and Trademark Office is 
hereby authorized to charge any fee deficiency, or credit any overpayment, to our Deposit 
Account No. 19-0036. 

DJF/M-Y/d-o 
Enclosures 

14339195.1 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 

St~nw, K~~td~t; Qdd~·%ln & f<.i-~ m.,l.,C, ! "lW{) N~M· \\irk A.v~Wl!t\ N~V l \·\\,sJii~gkm, OJ~. 1(HWS 

P 1\>2.::rn,2M-0 i f J-Ot,J'l1,J540 i zh°'>m%h:°'>t1$ku:i>m 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/729,838 12/30/2019 

26111 

Zilong CHEN 4123.0850001 
CONFIRMATION NO. 5773 

FORMALITIES LETTER 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 111111111111111111111111]~!1]!~1!~1! ~~ ~~ ~~ H~III 11111111111111111111111 
WASHINGTON, DC 20005 

Date Mailed: 01/24/2020 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since 
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS 
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be 
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 (d) are required. The drawings 
submitted are not acceptable because: 

• More than one figure is present and one or more figure appears to be unnumbered or misnumbered in 
comparison to the brief description of the figures. See Figure(s) 4. The figures must be labeled "Fig." with 
a consecutive Arabic numeral (1, 2, etc.) or an Arabic numeral and capital letter in the English alphabet (A, 
B, etc.) and correspond with a brief description having the same figure number. See 37 CFR 1.84(u)(1 ). 
(1) To correct the figure numbering, replacement figures must be submitted. 
(2) To add a brief description of an unnumbered figure, or correct the reference in the specification to the 

figures, a proper substitute specification in compliance with 37 CFR 1.121 (b)(3) and 1.125, providing a 
brief description of each drawing figure presented, added or amended to correspond to the corrected 
numbering of the figures, must be submitted. See also 37 CFR 1.77(b)(9). 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

Items Required To Avoid Processing Delays: 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Zilong CHEN 
Xiang FU 

page 1 of 2 
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/llvuong/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/729,838 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

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

BASIC FEE N/A N/A N/A N/A 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 460 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/729,838 

26111 

FILING or 
37l(c)DATE 

12/30/2019 

GRPART 

UNIT 

2827 
FIL FEE REC'D 

1880 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

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

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

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

4123.0850001 20 1 
CONFIRMATION NO. 5773 

FILING RECEIPT 

1111111111111111111111 m~mll! ~~ ,~ g11 g~ll lllll 111111111111111111 

Date Mailed: 01/24/2020 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

lnventor(s) 
Zilong CHEN, Wuhan, CHINA; 
Xiang FU, Wuhan, CHINA; 

Applicant( s) 
Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 

Assignment For Published Patent Application 
Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 

Power of Attorney: The patent practitioners associated with Customer Number 26111 

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/CN2019/112728 10/23/2019 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 01/22/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/729,838 

Projected Publication Date: To Be Determined - pending completion of Corrected Papers 

Non-Publication Request: No 

Early Publication Request: No 
Title 

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Preliminary Class 

365 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 

page 2 of 4 

IPR2024-00793 Page 58



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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 

page 3 of 4 

IPR2024-00793 Page 59



technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16729838 Document Date: 0113112020 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: CHEN et al. 

Applicant: Yangtze Memory Technologies Co., Ltd. 

Application No.: 16/729,838 

Filing Date: December 30, 2019 

Confirmation No.: 5773 

Art Unit: 2827 

Examiner: To Be Assigned 

Atty. Docket: 4123.0850001 

Title: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Reply to Notice to File Corrected Application Papers and Preliminary 
Amendment Under 37 C.F.R. § 1.115 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Mail Stop Missing Parts 

In response to the Notice to File Corrected Application Papers dated January 24, 2020, and 

in advance of prosecution, Applicant submits the following amendments and remarks. 

Amendments to the Specification begin on page 2 of this paper. Marked-up and clean 

versions of a substitute specification are included. 

Amendments to the Drawings begin on page 3 of this paper. A replacement sheet is 

included. 

Remarks begin on page 4 of this paper. 

It is not believed that extensions of time are required beyond those that may otherwise be 

provided for in documents accompanying this paper. However, if additional extensions of time are 

necessary to prevent abandonment of this application, then such extensions of time are hereby 

petitioned under 37 C.F.R. § l.136(a), and any additional fees required to continue prosecution or 

appeal of this application (including issue fee, fees for net addition of claims or forwarding to 

appeal) are hereby authorized to be charged to our Deposit Account No. 19-0036. 
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- 2 - CHEN etal. 
Application No. 16/729,838 

Amendments to the Specification 

Please replace the originally filed specification with the attached substitute specification. In 

compliance with 37 C.F.R. § 1.125, a marked up version and a clean version of the substitute 

specification are included. The substitute specification includes no new matter. 

Atty. Dkt. No. 4123.0850001 
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[0001] 

[0002] 

[0003] 

[0004] 

Substitute Specification (Marked Up) 

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

CROSS-REFERENCE TO RELATED APPLICATIONS AND 
INCORPORATION BY REFERENCE 

This application claims priority to PCT/CN2019/l 12728 filed on October 23, 2019, 

which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The present disclosure generally relates to the field of semiconductor technology, and 

more particularly, to a method for reading a three-dimensional (3D) memory. 

BACKGROUND 

As memory devices are shrinking to smaller die size to reduce manufacturing cost 

and increase storage density, scaling of planar memory cells faces challenges due to process 

technology limitations and reliability issues. A three-dimensional (3D) memory architecture 

can address the density and performance limitation in planar memory cells. 

In a 3D NAND flash memory, memory cells can be programmed for data storage 

based on charge-trapping technology. The storage information of a memory cell depends on 

the amount of charge trapped in a storage layer. However, fast charges, i.e., charges trapped 

in shallow traps, can be easily lost. Therefore, the threshold voltage determining the stored 

information can be different between write and read operations. Accordingly, a read-prepare 

step is included in a read-verification operation after programming to remove the fast charges 

and verify the threshold voltage of the memory cell. Fast charge loss depending on the 

intrinsic de-trapping process in the storage layer can be long, making the read-verification 

operation inefficient. Therefore, a need exists for a method to accelerate fast charge loss so 

that threshold voltage or storage information of the memory cell can be verified or read more 

accurately and efficiently. 
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BRIEF SUMMARY 

[0005] Embodiments of a method for conducting read-verification operation of a memory 

cell in a three-dimensional (3D) memory device is described in the present disclosure. 

[0006] One aspect of the present disclosure provides a method for conducting a read-

verification operation on a target memory cell in a three-dimensional (3D) memory device. 

The method includes removing fast charges of the target memory cell at a read-prepare step, 

which includes applying a prepare voltage (Vprepare) on an unselected top select gate 

(Unsel_ TSG) of an unselected memory string, applying a first off voltage (Voff) on a selected 

word line (Sel_ WL) associated with the target memory cell, and applying a pass voltage 

(Vpass) on an unselected word line (Unsel_ WL). The method also includes measuring a 

threshold voltage of the target memory cell at a sensing step. 

[0007] In some embodiments, the method further includes applying a top select gate voltage 

(Vtsg) on a selected top select gate (Sel _ TSG) of a selected memory string containing the 

target memory cell, and applying a lower select gate voltage (Vtsg) on a lower select gate 

(LSG) of the selected memory string containing the target memory cell. 

[0008] In some embodiments, applying the top select gate voltage (Vtsg) includes electrically 

[0009] 

connecting the selected memory string to a bit line. In some embodiments, applying the 

lower select gate voltage (Vtsg) includes electrically connecting the selected memory string to 

an array common source. 

In some embodiments, applying the top select gate voltage (Vtsg) includes applying a 

voltage between 4V to 7V. In some embodiments, applying the lower select gate voltage 

(Vtsg) includes applying a voltage between 4V to 7V. 

[0010] In some embodiments, applying the pass voltage (Vpass) includes applying the pass 

voltage with a delay period after the selected top select gate (Sel _ TSG) and the lower select 

gate (LSG) are at the top select gate voltage (Vtsg) and the lower select gate voltage (Vtsg), 

respectively. 

[0011] In some embodiments, measuring the threshold voltage includes applying a read 

voltage (Vread) on the selected word line (Sel_ WL). In some embodiments, applying the read 

voltage (Vread) includes applying a voltage between Oto 2V. In some embodiments, applying 

the read voltage (Vread) includes applying a second off voltage on the unselected word line 
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(Unsel_ WL). In some embodiments, applying the second off voltage on the unselected word 

line (Unsel_ WL) includes applying a 0V. 

[0012] In some embodiments, applying the read voltage (Vread) includes applying the read 

voltage (Vread) when a voltage of the unselected top select gate (Unsel_TSG) is higher than a 

threshold voltage of an unselected memory cell. In some embodiments, applying the read 

voltage (Vread) includes applying the read voltage (Vread) when a voltage of the unselected top 

select gate (Unsel_ TSG) equals to a threshold voltage of an unselected memory cell. In some 

embodiments, applying the read voltage (Vread) includes applying the read voltage (Vread) 

when a voltage of the unselected top select gate (Unsel _ TSG) is lower than a threshold 

voltage of an unselected memory cell. 

[0013] In some embodiments, applying the prepare voltage (Vprepare) includes applying a 

voltage between 4V to 7V. In some embodiments, applying the first off voltage (Vofl) 

includes applying a 0V. In some embodiments, applying the pass voltage (Vpass) includes 

applying a voltage between 5V to 9V. 

In some embodiments, removing the fast charges includes removing the fast charges 

from a storage layer of the target memory cell of a selected memory string, wherein the 

selected memory string includes a channel hole penetrating vertically through a film stack of 

alternating conductive and dielectric layers, a core filling film in a center of the channel hole, 

and a memory film covering a sidewall of the channel hole. The selected memory string also 

includes a channel layer sandwiched between the memory film and the core filling film. In 

some embodiments, the memory film includes a barrier layer, the storage layer and a 

tunneling layer. 

[0014] In some embodiments, removing the fast charges includes removing electrical 

charges from shallow traps in the storage layer of the target memory cell. 

[0015] In some embodiments, removing the fast charges includes removing the fast charges 

from the target memory cell to a neighboring unselected memory cell. 

[0016] In some embodiments, conducting the read-verification operation comprises 

conducting the read-prepare step and conducting a failed bit count in parallel. 

[0017] Other aspects of the present disclosure can be understood by those skilled in the art in 

light of the description, the claims, and the drawings of the present disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated herein and form a part of the 

specification, illustrate embodiments of the present disclosure and, together with the 

description, further serve to explain the principles of the present disclosure and to enable a 

person skilled in the pertinent art to make and use the present disclosure. 

[0019] Fig. 1 illustrates a schematic top-down view of an exemplary three-dimensional (3D) 

memory die, according to some embodiments of the present disclosure. 

[0020] Fig. 2 illustrates a schematic top-down view of a region of 3D memory die, according 

to some embodiments of the present disclosure. 

[0021] Fig. 3 illustrates a perspective view of a portion of an exemplary 3D memory array 

structure, in accordance with some embodiments of the present disclosure. 

[0022] Pig. 4(a) Fig. 4A illustrates a cross-sectional view of 3D memory cells, according to 

some embodiments of the present disclosure. 

[0023] Pig. 4(b) Fig. 4B illustrates a schematic diagram of a 3D memory array, according to 

some embodiments of the present disclosure. 

[0024] Fig. 5 illustrates a timing diagram of a read-verification operation with a prepare 

[0025] 

voltage (pre-pulse) applied on a selected word line, according to some embodiments of the 

present disclosure. 

Figs. 6-8 illustrate timing diagrams of read-verification operations with accelerated 

fast charge loss, according to some embodiments of the present disclosure. 

[0026] The features and advantages of the present invention will become more apparent from 

the detailed description set forth below when taken in conjunction with the drawings, in 

which like reference characters identify corresponding elements throughout. In the drawings, 

like reference numbers generally indicate identical, functionally similar, and/or structurally 

similar elements. The drawing in which an element first appears is indicated by the leftmost 

digit(s) in the corresponding reference number. 

[0027] Embodiments of the present disclosure will be described with reference to the 

accompanying drawings. 
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DETAILED DESCRIPTION 

[0028] Although specific configurations and arrangements are discussed, it should be 

understood that this is done for illustrative purposes only. A person skilled in the pertinent art 

will recognize that other configurations and arrangements can be used without departing 

from the spirit and scope of the present disclosure. It will be apparent to a person skilled in 

the pertinent art that the present disclosure can also be employed in a variety of other 

applications. 

[0029] It is noted that references in the specification to "one embodiment," "an 

embodiment," "an example embodiment," "some embodiments," etc., indicate that the 

embodiment described can include a particular feature, structure, or characteristic, but every 

embodiment can not necessarily include the particular feature, structure, or characteristic. 

Moreover, such phrases do not necessarily refer to the same embodiment. Further, when a 

particular feature, structure or characteristic is described in connection with an embodiment, 

it would be within the knowledge of a person skilled in the pertinent art to affect such 

feature, structure or characteristic in connection with other embodiments whether or not 

explicitly described. 

[0030] In general, terminology can be understood at least in part from usage in context. For 

example, the term "one or more" as used herein, depending at least in part upon context, can 

be used to describe any feature, structure, or characteristic in a singular sense or can be used 

to describe combinations of features, structures or characteristics in a plural sense. Similarly, 

terms, such as "a," "an," or "the," again, can be understood to convey a singular usage or to 

convey a plural usage, depending at least in part upon context. In addition, the term "based 

on" can be understood as not necessarily intended to convey an exclusive set of factors and 

may, instead, allow for existence of additional factors not necessarily expressly described, 

again, depending at least in part on context. 

[0031] It should be readily understood that the meaning of "on," "above," and "over" in the 

present disclosure should be interpreted in the broadest manner such that "on" not only 

means "directly on" something, but also includes the meaning of "on" something with an 

intermediate feature or a layer there between. Moreover, "above" or "over" not only means 
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"above" or "over" something, but can also include the meaning it is "above" or "over" 

something with no intermediate feature or layer there between (i.e., directly on something). 

[0032] Further, spatially relative terms, such as "beneath," "below," "lower," "above," 

[0033] 

"upper," and the like, can be used herein for ease of description to describe one element or 

feature's relationship to another element(s) or feature(s) as illustrated in the figures. The 

spatially relative terms are intended to encompass different orientations of the device in use 

or process step in addition to the orientation depicted in the figures. The apparatus can be 

otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative 

descriptors used herein can likewise be interpreted accordingly. 

As used herein, the term "substrate" refers to a material onto which subsequent 

material layers are added. The substrate includes a "top" surface and a "bottom" surface. The 

top surface of the substrate is typically where a semiconductor device is formed, and 

therefore the semiconductor device is formed at a top side of the substrate unless stated 

otherwise. The bottom surface is opposite to the top surface and therefore a bottom side of 

the substrate is opposite to the top side of the substrate. The substrate itself can be patterned. 

Materials added on top of the substrate can be patterned or can remain unpatterned. 

Furthermore, the substrate can include a wide array of semiconductor materials, such as 

silicon, germanium, gallium arsenide, indium phosphide, etc. Alternatively, the substrate can 

be made from an electrically non-conductive material, such as a glass, a plastic, or a sapphire 

wafer. 

[0034] As used herein, the term "layer" refers to a material portion including a region with a 

thickness. A layer has a top side and a bottom side where the bottom side of the layer is 

relatively close to the substrate and the top side is relatively away from the substrate. A layer 

can extend over the entirety of an underlying or overlying structure, or can have an extent 

less than the extent of an underlying or overlying structure. Further, a layer can be a region of 

a homogeneous or inhomogeneous continuous structure that has a thickness less than the 

thickness of the continuous structure. For example, a layer can be located between any set of 

horizontal planes between, or at, a top surf ace and a bottom surface of the continuous 

structure. A layer can extend horizontally, vertically, and/or along a tapered surface. A 

substrate can be a layer, can include one or more layers therein, and/or can have one or more 

layer thereupon, there above, and/or there below. A layer can include multiple layers. For 
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example, an interconnect layer can include one or more conductive and contact layers (in 

which contacts, interconnect lines, and/or vertical interconnect accesses (VIAs) are formed) 

and one or more dielectric layers. 

[0035] In the present disclosure, for ease of description, "tier" is used to refer to elements of 

[0036] 

substantially the same height along the vertical direction. For example, a word line and the 

underlying gate dielectric layer can be referred to as "a tier," a word line and the underlying 

insulating layer can together be referred to as "a tier," word lines of substantially the same 

height can be referred to as "a tier of word lines" or similar, and so on. 

As used herein, the term "nominal/nominally" refers to a desired, or target, value of a 

characteristic or parameter for a component or a process step, set during the design phase of a 

product or a process, together with a range of values above and/or below the desired value. 

The range of values can be due to slight variations in manufacturing processes or tolerances. 

As used herein, the term "about" indicates the value of a given quantity that can vary based 

on a particular technology node associated with the subject semiconductor device. Based on 

the particular technology node, the term "about" can indicate a value of a given quantity that 

varies within, for example, 10-30% of the value (e.g., ±10%, ±20%, or ±30% of the value). 

[0037] In the present disclosure, the term "horizontal/horizontally/lateral/laterally" means 

nominally parallel to a lateral surface of a substrate, and the term "vertical" or "vertically" 

means nominally perpendicular to the lateral surface of a substrate. 

[0038] As used herein, the term "3D memory" refers to a three-dimensional (3D) 

semiconductor device with vertically oriented strings of memory cell transistors (referred to 

herein as "memory strings," such as NAND strings) on a laterally-oriented substrate so that 

the memory strings extend in the vertical direction with respect to the substrate. 

[0039] Fig. 1 illustrates a top-down view of an exemplary three-dimensional (3D) memory 

device 100, according to some embodiments of the present disclosure. The 3D memory 

device 100 can be a memory chip (package), a memory die or any portion of a memory die, 

and can include one or more memory planes 101, each of which can include a plurality of 

memory blocks 103. Identical and concurrent operations can take place at each memory 

plane 101. The memory block 103, which can be megabytes (MB) in size, is the smallest size 

to carry out erase operations. Shown in Fig. 1, the exemplary 3D memory device 100 

includes four memory planes 101 and each memory plane 101 includes six memory blocks 
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103. Each memory block 103 can include a plurality of memory cells, where each memory 

cell can be addressed through interconnections such as bit lines and word lines. The bit lines 

and word lines can be laid out perpendicularly (e.g., in rows and columns, respectively), 

forming an array of metal lines. The direction of bit lines and word lines are labeled as "BL" 

and "WL" in Fig. 1. In this disclosure, memory block 103 is also referred to as a "memory 

array" or "array." The memory array is the core area in a memory device, performing storage 

functions. 

[0040] The 3D memory device 100 also includes a periphery region 105, an area surrounding 

memory planes 101. The periphery region 105 contains many digital, analog, and/or mixed­

signal circuits to support functions of the memory array, for example, page buffers, row and 

column decoders and sense amplifiers. Peripheral circuits use active and/or passive 

semiconductor devices, such as transistors, diodes, capacitors, resistors, etc., as would be 

apparent to a person of ordinary skill in the art. 

[0041] It is noted that, the arrangement of the memory planes 101 in the 3D memory device 

100 and the arrangement of the memory blocks 103 in each memory plane 101 illustrated in 

Fig. 1 are only used as an example, which does not limit the scope of the present disclosure. 

[0042] Referring to Fig. 2, an enlarged top-down view of a region 108 in Fig. 1 is illustrated, 

according to some embodiments of the present disclosure. The region 108 of the 3D memory 

device 100 can include a staircase region 210 and a channel structure region 211. The 

channel structure region 211 can include an array of memory strings 212, each including a 

plurality of stacked memory cells. The staircase region 210 can include a staircase structure 

and an array of contact structures 214 formed on the staircase structure. In some 

embodiments, a plurality of slit structures 216, extending in WL direction across the channel 

structure region 211 and the staircase region 210, can divide a memory block into multiple 

memory fingers 218. At least some slit structures 216 can function as the common source 

contact (e.g., array common source) for an array of memory strings 212 in channel structure 

regions 211. A top select gate cut 220 can be disposed, for example, in the middle of each 

memory finger 218 to divide a top select gate (TSG) of the memory finger 218 into two 

portions, and thereby can divide a memory finger into two memory slices 224, where 

memory cells in a memory slice 224 that share the same word line form a programmable 

(read/write) memory page. While erase operation of a 3D NAND memory can be carried out 
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at memory block level, read and write operations can be carried out at memory page level. A 

memory page can be kilobytes (KB) in size. In some embodiments, region 108 also includes 

dummy memory strings 222 for process variation control during fabrication and/or for 

additional mechanical support. 

[0043] Fig. 3 illustrates a perspective view of a portion of an exemplary three-dimensional 

(3D) memory array structure 300, according to some embodiments of the present disclosure. 

The memory array structure 300 includes a substrate 330, an insulating film 331 over the 

substrate 330, a tier of lower select gates (LSGs) 332 over the insulating film 331, and a 

plurality of tiers of control gates 333, also referred to as "word lines (WLs)," stacking on top 

of the LSGs 332 to form a film stack 335 of alternating conductive and dielectric layers. The 

dielectric layers adjacent to the tiers of control gates are not shown in Fig. 3 for clarity. 

[0044] The control gates of each tier are separated by slit structures 216-1 and 216-2 through 

the film stack 335. The memory array structure 300 also includes a tier of top select gates 

(TSGs) 334 over the stack of control gates 333. The stack of TSG 334, control gates 333 and 

LSG 332 is also referred to as "gate electrodes." The memory array structure 300 further 

includes memory strings 212 and doped source line regions 344 in portions of substrate 330 

between adjacent LSGs 332. Each memory strings 212 includes a channel hole 336 extending 

through the insulating film 331 and the film stack 335 of alternating conductive and dielectric 

layers. Memory strings 212 also includes a memory film 337 on a sidewall of the channel 

hole 336, a channel layer 338 over the memory film 337, and a core filling film 339 

surrounded by the channel layer 338. A memory cell 340 can be formed at the intersection of 

the control gate 333 and the memory string 212. The memory array structure 300 further 

includes a plurality of bit lines (BLs) 341 connected with the memory strings 212 over the 

TSGs 334. The memory array structure 300 also includes a plurality of metal interconnect 

lines 343 connected with the gate electrodes through a plurality of contact structures 214. 

The edge of the film stack 335 is configured in a shape of staircase to allow an electrical 

connection to each tier of the gate electrodes. 

[0045] In Fig. 3, for illustrative purposes, three tiers of control gates 333-1, 333-2, and 333-3 

are shown together with one tier of TSG 334 and one tier of LSG 332. In this example, each 

memory string 212 can include three memory cells 340-1, 340-2 and 340-3, corresponding to 

the control gates 333-1, 333-2 and 333-3, respectively. In some embodiments, the number of 
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control gates and the number of memory cells can be more than three to increase storage 

capacity. The memory array structure 300 can also include other structures, for example, 

TSG cut, common source contact (i.e., array common source) and dummy memory string. 

These structures are not shown in Fig. 3 for simplicity. 

[0046] While floating gate memory cells has been traditionally utilized in flash memories, 

technology based on charge trapping has demonstrated more scaling ability and higher 

intrinsic reliability. Three-dimensional NAND using charge trapping technology has been 

developed for high density storage, where the storage information (e.g., threshold voltage Vth 

of the memory cell) depends on the amount of charge trapped in a storage layer. 

[0047] Fig. 1(a) Fig. 4A illustrates a schematic cross-section of a 3D NAND memory 400a, 

which includes memory cells similar to the memory cell 340 in Fig. 3. The memory cell 340-

3 includes a control gate (e.g., the control gate 333), a memory film (e.g., the memory film 

337) and a channel layer (e.g., the channel layer 338, also referred to as the channel). 

[0048] In a 3D NAND memory, the memory film 337 can be disposed on a sidewall of each 

channel hole 336 (illustrated in Fig. 3). In some embodiments, the memory film 337 can 

include a barrier layer 422, a storage layer 424, and a tunneling layer 426. The barrier layer 

422 can be used to block the movement of electronic charges 428 between the control gate 

333 and the storage layer 424. The barrier layer 422 can include silicon oxide and high 

dielectric constant (high-k) dielectrics, for example, aluminum oxide. The storage layer 424 

can be used to store electronic charges 428 and can include silicon nitride. The storage and/or 

removal of charges in the storage layer 424 can impact the on/off state and/or a conductance 

of the channel layer 338. The tunneling layer 426 can be used to control the tunneling of 

electronic charges 428 (electrons or holes) between the channel layer 338 and the storage 

layer 424. The tunneling layer 426 can be silicon oxide, silicon nitride, silicon oxynitride, or 

any combination thereof. In a 3D NAND memory, the channel layer 338 can be disposed on 

a sidewall of the memory film 337 in the channel hole 336 (in Fig. 3.) The channel layer 338 

can include amorphous silicon, polycrystalline silicon, and/or monocrystalline silicon. 

[0049] Fig. 1(b) Fig. 4B shows a schematic circuit diagram of a 3D memory array 400b. As 

described previously, the 3D memory array 400b includes a plurality of memory strings 212, 

each memory string 212 having a plurality of stacked memory cells 340. The memory string 

212 also includes at least one field effect transistor (e.g., MOSFET) at each end, which is 
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controlled by the lower select gate (LSG) 332 and the top select gate (TSG) 334, 

respectively. And the two respective transistors are referred to as lower and top select 

transistors 332-T and 334-T. The stacked memory cells 340 can be controlled by the control 

gates 333, where the control gates 333 are connected to word lines (not shown) of the 3D 

memory array 400b. The drain terminal of the top select transistor 334-T can be connected to 

the bit lines (e.g., the bit line 341-1, 341-2, 341-3, etc.), and the source terminal of the lower 

select transistor 332-T can be connected to the doped source line region 344 (see Fig. 3), 

from where an array common source (ACS) 446 can be formed. The array common source 

446 can be shared by the memory strings 212 in an entire memory block, and is also referred 

to as the common source line. 

Referring to Pigs. 4(a) aHd 4(b) Figs. 4A and 4B, in a NAND memory, read and write 

operations can be performed in a memory page, for example memory page 448, which 

includes memory cells sharing the same word line. In a NAND memory, each memory cell 

can be in an erased state or a programmed state. Initially, all memory cells in a block can be 

reset to the erased state as logic "l" by applying, for example, a negative voltage between the 

control gates 333 and source terminals of the memory cells (e.g., the array common source 

446) such that all the electronic charges 428 in the storage layers 424 of the memory cells 

can be removed. At the erased state, the threshold voltage V th of the memory cells 340 can be 

reset to the lowest value, and the corresponding current flowing through the memory cells 

340 between the source terminal (e.g., the array common source 446) and the drain terminal 

(e.g., the bit lines 341) can be at the highest level for a given bias on the word lines. 

[0051] During programming (i.e., writing), a high positive voltage pulse (e.g., 12V to 18V) 

can be applied on the control gate 333 such that electronic charges 428 (e.g., electrons) can 

be injected into the storage layer 424 of the memory cell 340, where the electronic charges 

428-1 and 428-2 can be randomly captured by deep and shallow traps, respectively. After 

programming, the threshold voltage V th of the memory cell 340 can be raised to a higher 

value than that of the erased state. At a higher threshold voltage Vth, the current flowing 

through the source and drain terminals of the memory cell can be at a reduced level for a 

given bias on the word lines. By measuring (i.e., reading) the memory cell current, the 

threshold voltage V th and thereby the state of the memory cell 340 can be determined 

according! y. 
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With multi-level-cell or triple-level-cell technology, each memory cell 340 can have 

multiple programed states, i.e., multiple values of threshold voltages Vth. After every 

programming pulse, a read-verification operation can be performed to check the state of the 

memory cell. As such, each memory cell 340 can store multiple bits, leading to significant 

increase of storage capacity. 

[0053] For memory cell 340 in a programmed state, electronic charges 428-1 and 428-2 

located within the proximity of control gate 333 can affect threshold voltage Vth of the 

memory cell 340. The electronic charges 428-3 located beyond the electric field from control 

gate 333, and therefore have little impact on the threshold voltage Vth of the memory cell. In 

addition, electronic charges 428-2 captured by shallow traps in the storage layer 424 can be 

easily de-trapped, and can thereby cause initial threshold-voltage (V th) shift (IVS) during 

storage period. This process is also referred to as fast charge loss. For programmed state at 

higher threshold voltage V th, IVS can be larger due to larger amount of electronic charges 

injected to the storage layer, which results in larger number of electronic charges 428-2 

captured by shallow traps (also referred to as fast charges). 

[0054] Due to IVS, the programmed state immediately after writing cannot reflect the target 

threshold voltage V th of the memory cell 340 in real applications. Applying the fake high 

threshold voltage Vth can cause high bit-error-rate in the memory. Therefore, it is necessary 

to de-trap and remove fast charges prior to read operation such that the V th distribution 

profile of each programmed state can be more accurately determined. 

[0055] Fig. 5 illustrates a timing diagram of a read-verification operation 500 with a prepare 

voltage (pre-pulse) applied on a selected word line, according to some embodiments of the 

present disclosure. The read-verification operation 500 can reduce read disturb for unselected 

memory strings in a 3D NAND memory. Read disturb can occur when the threshold voltage 

V th (i.e., the programmed state) of an unselected memory cell is changed or disturbed during 

read or read-verification of a selected memory cell. In some embodiments, the read­

verification operation 500 includes two steps, i.e., a read-prepare step and a sensing step, 

having duration of tprepare and tsensing, respectively. The timing diagram of a selected top select 

gate (Sel_ TSG), unselected top select gates (Unsel_ TSG), a selected word line (Sel_ WL), 

unselected word lines (Unsel_ WL) and the lower select gate (LSG) are shown in Fig. 5. 
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[0056] The read-verification operation 500 starts with the read-prepare step. The TSG 334 

and the LSG 332 of a selected memory string, for example TSG 334-3 and LSG 332-3 of a 

selected memory string 212-3 in Fig. 4(b) Fig. 4B, can be applied with a top select gate 

voltage Ytsg and a lower select gate voltage V1sg- A corresponding top select transistor 334-T 

and a lower select transistor 332-T of the selected memory string 212-3 can be switched on. 

The top and lower select gate voltages Ytsg and V1sg can be in a range between 4V to 7V. 

Accordingly, a current path through the stacked memory cells 340 can be established for the 

selected memory string 212-3. For example, the current flowing through the selected memory 

string 212-3 can be detected from the bit line 341-3 and the array common source 446 that 

are electrically connected with the selected memory string 212-3. 

[0057] For the read-verification operation 500, the TSG of unselected memory strings 

[0058] 

(Unsel-TSG), for example TSG 334-1 of memory string 212-1 in Fig. 4(b) Fig. 4B, can be 

applied with a first off voltage (Voff), for example 0V, to switch off a corresponding top 

select transistor 334-T. Current path between the unselected memory strings 212-1 and bit 

lines 341-1 can be disconnected. Therefore, the channel of selected memory string 212-3 and 

unselected memory strings 212-1 can be electrically isolated. 

It is noted that there is a delay for the voltages to ramp up during the read-prepare 

step. This delay can be caused by parasitic capacitors and resistors, and is well-known for a 

person skilled in the art. Although a memory string is selected and used as an example to 

describe read-verification operation herein, it is noted that a plurality of memory strings, for 

example, a memory finger can be selected and operated in a similar way. 

[0059] Referring again to Figs. 4(a) (b) and 5 Figs. 4A, 4B and 5, to verify a target memory 

cell 340-3 in the selected memory string 212-3, a selected word line (e.g., Sel_ WL in Fig:­

~ Fig. 4B) can be applied with a prepare voltage Vprepare (also referred to as pre-pulse), 

while other word lines not selected (e.g., Unsel_ WL in Fig. 4(b) Fig. 4B) can be applied with 

a pass voltage Vpass- The selected word line are electrically connected to the control gate 333 

of the target memory cell 340-3. The prepare voltage Vprepare can be in a range between 4V to 

7V, and the pass voltage Vpass can be in a range between 5V to 9V. The pass voltage Vpass can 

be higher than the highest threshold voltage of the programmed states such that the memory 

cells on the selected memory string 212-3 can be fully switched on. When the prepare 

voltage Vprepare is applied on the selected word line Sel_ WL, the target memory cell 340-3 

Atty. Dkt. No. 4123.0850001 

IPR2024-00793 Page 79



- 14 -

can also be switched on. Therefore, at time t1, the top and lower select transistors 334-T and 

332-T, and all memory cells 340 of the selected memory string 212-3 are switched on. 

Current flows between the bit line 341-3 and the array common source 446 via the channel 

layer of the selected memory string 212-3. As current flowing through the channel layer 338 

forming a conductive path, de-trapped fast charges 428-2 from the storage layer 424 can be 

removed through the conductive path. However, fast charge loss can be a slow process, 

which is shown in the timing diagram of the selected word line (Sel_ WL) in Fig. 5. 

[0060] In some embodiments, fast charges 428-2 can also be removed by thermal annealing 

or by implementing soft erase with a low negative voltage on the control gate. However, the 

read-prepare step generally can take a long time and thus impact the efficiency of the read­

verification operation. Therefore, a need exists for a read-verification operation to provide 

accelerated fast charge loss and shorten read-prepare step. 

[0061] In some embodiments, the read-prepare step can reduce read disturb for the 

unselected memory strings, for example, memory strings 212-1 and 212-2 in Fig. 1(b) Fig. 

4B. As described above, the unselected top select gates (Unsel_ TSG) for unselected memory 

strings (e.g., TSG 334-1 of memory string 212-1) can be applied with the first off voltage 

(Vofl), e.g., 0V, to switch off the corresponding top select transistors 334-T and disconnect 

from the bit lines (e.g., bit line 341-1) as depicted in Fig. 1(b) Fig. 4B. In some embodiments, 

the lower select gates (LSG) of the unselected memory strings (e.g., LSG 332-1) are applied 

with the lower select gate voltage V1sg such that the lower select transistors 332-T are 

switched on. By applying the prepare voltage Vprepare on the selected word line (Sel_ WL), 

corresponding memory cells (e.g., memory cells 340-1, 340-2, 340-3, etc.) can be switched 

on if the prepare voltage Vprepare is selected to be higher than the threshold voltages of the 

programmed states of the memory cells. In this example, the channel of the memory cells of 

the unselected memory strings (e.g., memory cells 340-1) can be electrically connected to the 

array common source 446 to maintain at a predetermined potential, e.g., ground. 

[0062] In an example that the prepare voltage Vprepare is not applied on the selected word line 

(Sel_ WL), the memory cells corresponding to the selected word line (e.g., the memory cell 

340-1 of memory string 212-1) may not be fully switched on (e.g., a voltage applied on the 

selected word line is lower than the threshold voltage V th of the memory cell 340-1 ). Upper 

memory cells, i.e., memory cells located between the bit line (e.g., bit line 341-1) and the 
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selected word line (Sel_ WL) of the unselected memory string (e.g., memory string 212-1), 

can have floating channels, where the channel layer is not electrically connected to the bit 

lines 341 or the common array source 446. Channel potential of the upper memory cells of 

the unselected memory string (e.g., memory string 212-1) can vary randomly. Memory cells 

with floating channel can suffer charge loss due to an unknown electrical field between the 

control gate 333 and the channel layer 338 (see FIG. 1(a) Fig. 4A). The trapped charges 428 

and thereby the threshold voltages Vth (i.e., programmed states) of the memory cells can be 

changed or disturbed, where the change can be significant with the increased number of 

reading operation. By introducing the read _prepare step prior to the sensing step, as 

described previously, read disturb on the unselected memory strings can be reduced. 

[0063] After the read_prepare step, the voltage bias on the selected word line (Sel_ WL) can 

be reduced from the prepare voltage Vprepare to a read voltage Vread to sense (i.e., read or 

measure) the threshold voltage Vth of the target memory cell. The read voltage Vread can be in 

a range between 0V to 2V. For the target memory cell programmed with threshold voltage 

V th lower than the read voltage Vread, the target memory cell can be switch on and form a 

conductive path in the channel layer 338. If the threshold voltage Vth is higher than the read 

voltage Vread, the channel of the target memory cell is switched off The programmed state of 

the target memory cell can be determined accordingly. It is noted that the transition period 

from the prepare voltage Vprepare to the read voltage Vread is a slow process due to parasitic 

capacitance and resistance as well as slow de-trapping process of fast trap loss. The sensing 

step can start after the Sel_ WL reach the read voltage Vread, which increases the overall 

duration tprepare of read-prepare step. 

[0064] Fig. 6 illustrates a read-verification operation 600 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 600 also includes the read-prepare step and the 

sensing step. During the read-prepare step of the read-verification operation 600, the 

Sel _ TSG and the LSG can be applied with the top and lower select gate voltages Ytsg and 

V1sg, respectively, to switch on the top and lower select transistors 334-T and 332-T (in F+g:­

~ Fig. 4B), similar to those used in the read-verification operation 500 in Fig. 5. However, 

unlike the read-verification operation 500, the Unsel_TSG of the read-verification operation 

600 is applied with the prepare voltage Vprepare during the read-prepare step. Accordingly, the 
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selected and unselected memory strings can all be electrically accessed from the bit line 341 

and the array common source 446. 

[0065] In some embodiments, during the read-prepare step of the read-verification operation 

600, the selected memory cell can be switched off by applying a second off voltage, e.g., 0V 

on the selected WL (i.e., Sel_ WL). The unselected memory cells (i.e., Unsel_ WL) can be 

switched on with the pass voltage Vpass after a delay period tdetayl• During the delay period 

tde1ay1, all select transistors controlled by Sel_ TSG, Unsel_ TSG and LSG are turned on with 

applied voltages Ytsg, Vprepare and V1sg and thus the channel of the memory string 212 can be 

electrically connected to the bit line 341 and the array common source 446 (shown in F-ig:­

~ Fig. 4B), and can be maintained at a potential adjustable by a voltage of the bit line 341. 

When the Unsel_ WL is applied with the pass voltage Vpass, all the unselected memory cells 

of the selected memory string are switched on. Therefore, the channel of the selected 

memory cell can be electrically connected to the bit line 341 through upper memory cells and 

to the array common source 446 through the lower memory cells. The channel of the selected 

memory cell can thereby be held at a potential adjustable by the voltage of the bit line 341 

and the array common source 446. 

[0066] In some embodiments, the delay period tdetayl is implemented such that the channel of 

the memory string 212 is not electrically isolated from the bit line 341 or the array common 

source 446 before Unsel_ WL can be ramped up from 0V to the pass voltage Vpass- Referring 

to Fig. 4(b) Fig. 4B and Fig. 6, if the Unsel_ WL is applied with the pass voltage Vpass before 

the Sel _ TSG reach the top select gate voltage Ytsg or Unsel _ TSG reach the prepare voltage 

Vprepare, the top select transistors are off and upper portion of the channel layer 338 that is 

located close to the bit line 341 becomes a floating node. More specifically upper memory 

cells located between the bit line and the selected memory cell can have a floating channel 

potential. Similarly, if the Unsel_ WL is applied with the pass voltage Vpass before the LSG 

ramps up to the lower select gate voltage V1sg to switch on the lower select transistor, lower 

portion of the channel layer 338 that is located close to the array common source 446 

becomes a floating node. More specifically lower memory cells located between the bit line 

and the selected memory cell can have a floating channel potential. When floating, channel 

potential of the memory cells can be boosted by the pass voltage Vpass of the Unsel_ WL 

through coupled capacitance. The boosted channel potential of the unselected memory cells 
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can influence the channel potential of the neighboring selected memory cell and influence 

fast charge removing process. By introducing the delay period tdetayl, the aforementioned self­

boosting effect or read disturb on the selected or unselected memory cell can be avoided. 

In some embodiments, the read-prepare step also includes a delay period tde1ay2, a 

duration between ramping up the pass voltage Vpass ofUnsel_ WL and the read voltage Vread 

of the Sel_ WL. During the delay period tdetay2, the voltage of Sel_ WL is kept at 0V while the 

voltage of Unsel_ WL is raised from 0V to the pass voltage Vpass- As discussed previously, 

the pass voltage Vpass is applied on the Unsel_ WL after the top and lower select transistors 

are switched on with applied voltages Ytsg, Vprepare and V1sg on Sel_TSG, Unsel-TSG and 

LSG, respectively. As such, the selected memory cell is switched off while unselected 

memory cells are switched on. Referring back to Pig. 4(a) Fig. 4A, while the selected 

memory cell 340-3 is switched off, the neighboring unselected memory cells 340 are 

switched on. Between the selected memory cell 340-3 with a 0V gate bias and the 

neighboring unselected memory cells 340 with a gate bias of the pass voltage Vpass, an 

electric field parallel to the channel can be established accordingly. The electric field 

between the neighboring selected and unselected word line can also extend into the charge 

storage layer 424, the tunneling layer 426 and the channel layer 338. The electric field can 

generate an electric force on the fast charges 428-2 captured in the storage layer 424. The 

electric force can de-trap the fast charges 428-2 from the shallow traps, pull them towards the 

neighboring unselected memory cells. The fast charges can then be recombined with charges 

of opposite sign or be removed through the conductive path established in the channel of the 

unselected memory cells. As a result, fast charges 428-2 in the storage layer 424 of the 

selected memory cell 340-3 can be removed through electric field from neighboring 

unselected memory cells. 

[0068] Referring again to Fig. 6, the duration of the read-prepare step of the read-verification 

operation 600 includes the sum of the delay period tdetayl and tdetay2- Both tdetayl and tde1ay2 can 

be pre-determined values. 

[0069] In some embodiments, after the read-prepare step, the read voltage Vread is applied on 

the Sel_ WL to start the sensing step and BL pre-charge. The sensing step has a duration of 

tsensing, which can also be a predetermined value. During the sensing step, a voltage of 0V is 

applied on the Unsel_TSG, which switches off the unselected top select gates and electrically 
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isolates the channel of selected memory string from the channel of unselected memory 

strings. Similar to the read-verification operation 500 (in Fig. 5), the ramping-down process 

from the prepare voltage Vprepare to 0V has a delay time, resulting from parasitic resistance 

and capacitance of the 3D memory structure. To switch on the memory cells, the prepare 

voltage Vprepare can be set higher than the threshold voltage V th of the memory cell. When the 

voltage ofUnsel_TSG ramping down from the prepare voltage Vprepare to below Vth, the top 

select transistors of the unselected memory strings are switched off accordingly. The read­

verification operation 600 has a duration tprepare2 from the beginning of the read-prepare step 

to the moment that the Unsel _ TSG drops to below V th- In the other words, the duration 

tprepare2 is the minimum time requirement for turning off the Unsel_TSG in the read­

verification operation 600. The read-verification operation 600 has a duration tpreparel from 

the beginning of the read-prepare step to the moment that the Unsel_TSG reaches 0V. For 

read-verification operation 600, duration of the read-prepare step, i.e., tde1ay1 +tde1ay2 is less 

than tpreparel- The sensing step and BL pre-charge start when Unsel_ TSG is above V th and the 

unselected top select transistor is still on. This operation can provide a minimum time used 

for the read-prepare step, although more power is consumed. The time saved tPROG-save is a 

difference between tpreparel and tdelay1+tdelay2-

[0070] Fig. 7 illustrates a read-verification operation 700 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 700 is similar to the read-verification operation 

600, except having a duration of the read-prepare step (i.e., tdetayl +tde1ay2) equals tprepare2, the 

minimum time requirement for turning off the Unsel _ TSG. In the read-verification operation 

700, the sensing step and BL pre-charge start when the unselected top select transistors are 

just turned off Still, the time saved tPROG-save can be expressed as the difference between 

tpreparel and tde1ay1+tde1ay2, as shown in Fig. 7. This operation can be sped-up, and thus 

improved, without consuming more power. 

[0071] Fig. 8 illustrates a read-verification operation 800 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 800 is similar to the read-verification operation 

600, except having a duration of the read-prepare step (i.e., tdetayl +tde1ay2) more than tprepare2, 

the minimum time requirement for turning off the Unsel _ TSG. In the read-verification 
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operation 800, the sensing step and BL pre-charge start after the unselected top select 

transistors are turned off The time saved tPROG-save can also be expressed as the difference 

between tpreparel and tde1ay1+tde1ay2, as shown in Fig. 8. This operation can allow more time for 

removing fast charges. 

[0072] As described above, accelerating fast charge loss in a 3D NAND flash memory can 

be achieved by applying the prepare voltage V prepare on Unsel _ TSG, the pass voltage V pass on 

the Unsel_ WL, and 0V on the Sel-WL at the read-prepare step. The threshold voltage Vth of 

the target memory cell, associated with the Sel_ WL, can be stabilized before the sensing step 

such that the verified storage data can be more reliable. 

[0073] In addition, the read-verification operation described above can greatly reduce the 

[0074] 

[0075] 

time required at the read-prepare step. The fast charges can be removed by electric field 

generated between Sel _ WL and neighboring Unsel _ TSG. After fast charge removal, the 

sensing step starts when the voltage on Sel_ WL is switched from 0V to the read voltage 

Vread, without the need to wait for the Unsel-TSG to ramp down from the prepare voltage 

V prepare to 0V. Therefore, the duration of read-prepare step can be shortened, i.e., tdetayl +tde1ay2 

< tpreparel, where tPROG-save = tprepare1-tdelay1-tdelay2 is the time saved. 

3D NAND flash memory with multi-level-cells typically uses an algorithm with 

incremental step pulses to program the memory cells. After every program pulse, a read­

verification operation is performed to check the state of the memory cells. When the memory 

cell reaches the target state (i.e., target threshold voltage), the program will be stopped. In the 

meantime, the memory cells not programed to the target state are calculated towards failed 

bit count (FBC), where the FBC can be executed in parallel to the read-verification operation 

to save the time of the entire programming cycle. As shown in Figs. 6-8, FBC operation can 

be performed in parallel with the read-prepare step. In some embodiments, duration of the 

FBC operation can be shorter than the duration of the read-prepare step, and the FBC 

operation can be incorporated within the read-prepare step starting at any suitable time. The 

failed memory cells can be programmed again to the target memory state accordingly. 

In summary, the present disclosure provides a method for conducting a read­

verification operation on a target memory cell in a three-dimensional (3D) memory device, 

where the method includes removing fast charges of the target memory cell at a read-prepare 

step and measuring a threshold voltage of the target memory cell at a sensing step. Removing 
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the fast charges of the target memory cell includes applying a prepare voltage (Vprepare) on an 

unselected top select gate (Unsel_ TSG) of an unselected memory string, applying a first off 

voltage (Voff) on a selected word line (Sel_ WL) associated with the target memory cell, and 

applying a pass voltage (Vpass) on an unselected word line (Unsel_ WL). 

[0076] The foregoing description of the specific embodiments will so fully reveal the general 

nature of the present disclosure that others can, by applying knowledge within the skill of the 

art, readily modify and/or adapt, for various applications, such specific embodiments, 

without undue experimentation, and without departing from the general concept of the 

present disclosure. Therefore, such adaptations and modifications are intended to be within 

the meaning and range of equivalents of the disclosed embodiments, based on the disclosure 

and guidance presented herein. It is to be understood that the phraseology or terminology 

herein is for the purpose of description and not of limitation, such that the terminology or 

phraseology of the present specification is to be interpreted by the skilled artisan in light of 

the disclosure and guidance. 

[0077] Embodiments of the present disclosure have been described above with the aid of 

functional building blocks illustrating the implementation of specified functions and 

relationships thereof. The boundaries of these functional building blocks have been 

arbitrarily defined herein for the convenience of the description. Alternate boundaries can be 

defined so long as the specified functions and relationships thereof are appropriately 

performed. 

[0078] The Summary and Abstract sections can set forth one or more but not all exemplary 

embodiments of the present disclosure as contemplated by the inventor(s), and thus, are not 

intended to limit the present disclosure and the appended claims in any way. 

[0079] The breadth and scope of the present disclosure should not be limited by any of the 

above-described exemplary embodiments, but should be defined only in accordance with the 

following claims and their equivalents. 
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[0002] 

[0003] 

[0004] 

Substitute Specification (clean) 

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

CROSS-REFERENCE TO RELATED APPLICATIONS AND 
INCORPORATION BY REFERENCE 

This application claims priority to PCT/CN2019/l 12728 filed on October 23, 2019, 

which is incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

The present disclosure generally relates to the field of semiconductor technology, and 

more particularly, to a method for reading a three-dimensional (3D) memory. 

BACKGROUND 

As memory devices are shrinking to smaller die size to reduce manufacturing cost 

and increase storage density, scaling of planar memory cells faces challenges due to process 

technology limitations and reliability issues. A three-dimensional (3D) memory architecture 

can address the density and performance limitation in planar memory cells. 

In a 3D NAND flash memory, memory cells can be programmed for data storage 

based on charge-trapping technology. The storage information of a memory cell depends on 

the amount of charge trapped in a storage layer. However, fast charges, i.e., charges trapped 

in shallow traps, can be easily lost. Therefore, the threshold voltage determining the stored 

information can be different between write and read operations. Accordingly, a read-prepare 

step is included in a read-verification operation after programming to remove the fast charges 

and verify the threshold voltage of the memory cell. Fast charge loss depending on the 

intrinsic de-trapping process in the storage layer can be long, making the read-verification 

operation inefficient. Therefore, a need exists for a method to accelerate fast charge loss so 

that threshold voltage or storage information of the memory cell can be verified or read more 

accurately and efficiently. 
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BRIEF SUMMARY 

[0005] Embodiments of a method for conducting read-verification operation of a memory 

cell in a three-dimensional (3D) memory device is described in the present disclosure. 

[0006] One aspect of the present disclosure provides a method for conducting a read-

verification operation on a target memory cell in a three-dimensional (3D) memory device. 

The method includes removing fast charges of the target memory cell at a read-prepare step, 

which includes applying a prepare voltage (Vprepare) on an unselected top select gate 

(Unsel_ TSG) of an unselected memory string, applying a first off voltage (Voff) on a selected 

word line (Sel_ WL) associated with the target memory cell, and applying a pass voltage 

(Vpass) on an unselected word line (Unsel_ WL). The method also includes measuring a 

threshold voltage of the target memory cell at a sensing step. 

[0007] In some embodiments, the method further includes applying a top select gate voltage 

(Vtsg) on a selected top select gate (Sel _ TSG) of a selected memory string containing the 

target memory cell, and applying a lower select gate voltage (Vtsg) on a lower select gate 

(LSG) of the selected memory string containing the target memory cell. 

[0008] In some embodiments, applying the top select gate voltage (Vtsg) includes electrically 

[0009] 

connecting the selected memory string to a bit line. In some embodiments, applying the 

lower select gate voltage (Vtsg) includes electrically connecting the selected memory string to 

an array common source. 

In some embodiments, applying the top select gate voltage (Vtsg) includes applying a 

voltage between 4V to 7V. In some embodiments, applying the lower select gate voltage 

(Vtsg) includes applying a voltage between 4V to 7V. 

[0010] In some embodiments, applying the pass voltage (Vpass) includes applying the pass 

voltage with a delay period after the selected top select gate (Sel _ TSG) and the lower select 

gate (LSG) are at the top select gate voltage (Vtsg) and the lower select gate voltage (Vtsg), 

respectively. 

[0011] In some embodiments, measuring the threshold voltage includes applying a read 

voltage (Vread) on the selected word line (Sel_ WL). In some embodiments, applying the read 

voltage (Vread) includes applying a voltage between Oto 2V. In some embodiments, applying 

the read voltage (Vread) includes applying a second off voltage on the unselected word line 
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(Unsel_ WL). In some embodiments, applying the second off voltage on the unselected word 

line (Unsel_ WL) includes applying a 0V. 

[0012] In some embodiments, applying the read voltage (Vread) includes applying the read 

voltage (Vread) when a voltage of the unselected top select gate (Unsel_TSG) is higher than a 

threshold voltage of an unselected memory cell. In some embodiments, applying the read 

voltage (Vread) includes applying the read voltage (Vread) when a voltage of the unselected top 

select gate (Unsel_ TSG) equals to a threshold voltage of an unselected memory cell. In some 

embodiments, applying the read voltage (Vread) includes applying the read voltage (Vread) 

when a voltage of the unselected top select gate (Unsel _ TSG) is lower than a threshold 

voltage of an unselected memory cell. 

[0013] In some embodiments, applying the prepare voltage (Vprepare) includes applying a 

voltage between 4V to 7V. In some embodiments, applying the first off voltage (Vofl) 

includes applying a 0V. In some embodiments, applying the pass voltage (Vpass) includes 

applying a voltage between 5V to 9V. 

In some embodiments, removing the fast charges includes removing the fast charges 

from a storage layer of the target memory cell of a selected memory string, wherein the 

selected memory string includes a channel hole penetrating vertically through a film stack of 

alternating conductive and dielectric layers, a core filling film in a center of the channel hole, 

and a memory film covering a sidewall of the channel hole. The selected memory string also 

includes a channel layer sandwiched between the memory film and the core filling film. In 

some embodiments, the memory film includes a barrier layer, the storage layer and a 

tunneling layer. 

[0014] In some embodiments, removing the fast charges includes removing electrical 

charges from shallow traps in the storage layer of the target memory cell. 

[0015] In some embodiments, removing the fast charges includes removing the fast charges 

from the target memory cell to a neighboring unselected memory cell. 

[0016] In some embodiments, conducting the read-verification operation comprises 

conducting the read-prepare step and conducting a failed bit count in parallel. 

[0017] Other aspects of the present disclosure can be understood by those skilled in the art in 

light of the description, the claims, and the drawings of the present disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated herein and form a part of the 

specification, illustrate embodiments of the present disclosure and, together with the 

description, further serve to explain the principles of the present disclosure and to enable a 

person skilled in the pertinent art to make and use the present disclosure. 

[0019] Fig. 1 illustrates a schematic top-down view of an exemplary three-dimensional (3D) 

memory die, according to some embodiments of the present disclosure. 

[0020] Fig. 2 illustrates a schematic top-down view of a region of 3D memory die, according 

to some embodiments of the present disclosure. 

[0021] Fig. 3 illustrates a perspective view of a portion of an exemplary 3D memory array 

structure, in accordance with some embodiments of the present disclosure. 

[0022] Fig. 4A illustrates a cross-sectional view of 3D memory cells, according to some 

embodiments of the present disclosure. 

[0023] Fig. 4B illustrates a schematic diagram of a 3D memory array, according to some 

embodiments of the present disclosure. 

[0024] Fig. 5 illustrates a timing diagram of a read-verification operation with a prepare 

[0025] 

voltage (pre-pulse) applied on a selected word line, according to some embodiments of the 

present disclosure. 

Figs. 6-8 illustrate timing diagrams of read-verification operations with accelerated 

fast charge loss, according to some embodiments of the present disclosure. 

[0026] The features and advantages of the present invention will become more apparent from 

the detailed description set forth below when taken in conjunction with the drawings, in 

which like reference characters identify corresponding elements throughout. In the drawings, 

like reference numbers generally indicate identical, functionally similar, and/or structurally 

similar elements. The drawing in which an element first appears is indicated by the leftmost 

digit(s) in the corresponding reference number. 

[0027] Embodiments of the present disclosure will be described with reference to the 

accompanying drawings. 
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DETAILED DESCRIPTION 

[0028] Although specific configurations and arrangements are discussed, it should be 

understood that this is done for illustrative purposes only. A person skilled in the pertinent art 

will recognize that other configurations and arrangements can be used without departing 

from the spirit and scope of the present disclosure. It will be apparent to a person skilled in 

the pertinent art that the present disclosure can also be employed in a variety of other 

applications. 

[0029] It is noted that references in the specification to "one embodiment," "an 

embodiment," "an example embodiment," "some embodiments," etc., indicate that the 

embodiment described can include a particular feature, structure, or characteristic, but every 

embodiment can not necessarily include the particular feature, structure, or characteristic. 

Moreover, such phrases do not necessarily refer to the same embodiment. Further, when a 

particular feature, structure or characteristic is described in connection with an embodiment, 

it would be within the knowledge of a person skilled in the pertinent art to affect such 

feature, structure or characteristic in connection with other embodiments whether or not 

explicitly described. 

[0030] In general, terminology can be understood at least in part from usage in context. For 

example, the term "one or more" as used herein, depending at least in part upon context, can 

be used to describe any feature, structure, or characteristic in a singular sense or can be used 

to describe combinations of features, structures or characteristics in a plural sense. Similarly, 

terms, such as "a," "an," or "the," again, can be understood to convey a singular usage or to 

convey a plural usage, depending at least in part upon context. In addition, the term "based 

on" can be understood as not necessarily intended to convey an exclusive set of factors and 

may, instead, allow for existence of additional factors not necessarily expressly described, 

again, depending at least in part on context. 

[0031] It should be readily understood that the meaning of "on," "above," and "over" in the 

present disclosure should be interpreted in the broadest manner such that "on" not only 

means "directly on" something, but also includes the meaning of "on" something with an 

intermediate feature or a layer there between. Moreover, "above" or "over" not only means 
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"above" or "over" something, but can also include the meaning it is "above" or "over" 

something with no intermediate feature or layer there between (i.e., directly on something). 

[0032] Further, spatially relative terms, such as "beneath," "below," "lower," "above," 

[0033] 

"upper," and the like, can be used herein for ease of description to describe one element or 

feature's relationship to another element(s) or feature(s) as illustrated in the figures. The 

spatially relative terms are intended to encompass different orientations of the device in use 

or process step in addition to the orientation depicted in the figures. The apparatus can be 

otherwise oriented (rotated 90 degrees or at other orientations) and the spatially relative 

descriptors used herein can likewise be interpreted accordingly. 

As used herein, the term "substrate" refers to a material onto which subsequent 

material layers are added. The substrate includes a "top" surface and a "bottom" surface. The 

top surface of the substrate is typically where a semiconductor device is formed, and 

therefore the semiconductor device is formed at a top side of the substrate unless stated 

otherwise. The bottom surface is opposite to the top surface and therefore a bottom side of 

the substrate is opposite to the top side of the substrate. The substrate itself can be patterned. 

Materials added on top of the substrate can be patterned or can remain unpatterned. 

Furthermore, the substrate can include a wide array of semiconductor materials, such as 

silicon, germanium, gallium arsenide, indium phosphide, etc. Alternatively, the substrate can 

be made from an electrically non-conductive material, such as a glass, a plastic, or a sapphire 

wafer. 

[0034] As used herein, the term "layer" refers to a material portion including a region with a 

thickness. A layer has a top side and a bottom side where the bottom side of the layer is 

relatively close to the substrate and the top side is relatively away from the substrate. A layer 

can extend over the entirety of an underlying or overlying structure, or can have an extent 

less than the extent of an underlying or overlying structure. Further, a layer can be a region of 

a homogeneous or inhomogeneous continuous structure that has a thickness less than the 

thickness of the continuous structure. For example, a layer can be located between any set of 

horizontal planes between, or at, a top surf ace and a bottom surface of the continuous 

structure. A layer can extend horizontally, vertically, and/or along a tapered surface. A 

substrate can be a layer, can include one or more layers therein, and/or can have one or more 

layer thereupon, there above, and/or there below. A layer can include multiple layers. For 
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example, an interconnect layer can include one or more conductive and contact layers (in 

which contacts, interconnect lines, and/or vertical interconnect accesses (VIAs) are formed) 

and one or more dielectric layers. 

[0035] In the present disclosure, for ease of description, "tier" is used to refer to elements of 

[0036] 

substantially the same height along the vertical direction. For example, a word line and the 

underlying gate dielectric layer can be referred to as "a tier," a word line and the underlying 

insulating layer can together be referred to as "a tier," word lines of substantially the same 

height can be referred to as "a tier of word lines" or similar, and so on. 

As used herein, the term "nominal/nominally" refers to a desired, or target, value of a 

characteristic or parameter for a component or a process step, set during the design phase of a 

product or a process, together with a range of values above and/or below the desired value. 

The range of values can be due to slight variations in manufacturing processes or tolerances. 

As used herein, the term "about" indicates the value of a given quantity that can vary based 

on a particular technology node associated with the subject semiconductor device. Based on 

the particular technology node, the term "about" can indicate a value of a given quantity that 

varies within, for example, 10-30% of the value (e.g., ±10%, ±20%, or ±30% of the value). 

[0037] In the present disclosure, the term "horizontal/horizontally/lateral/laterally" means 

nominally parallel to a lateral surface of a substrate, and the term "vertical" or "vertically" 

means nominally perpendicular to the lateral surface of a substrate. 

[0038] As used herein, the term "3D memory" refers to a three-dimensional (3D) 

semiconductor device with vertically oriented strings of memory cell transistors (referred to 

herein as "memory strings," such as NAND strings) on a laterally-oriented substrate so that 

the memory strings extend in the vertical direction with respect to the substrate. 

[0039] Fig. 1 illustrates a top-down view of an exemplary three-dimensional (3D) memory 

device 100, according to some embodiments of the present disclosure. The 3D memory 

device 100 can be a memory chip (package), a memory die or any portion of a memory die, 

and can include one or more memory planes 101, each of which can include a plurality of 

memory blocks 103. Identical and concurrent operations can take place at each memory 

plane 101. The memory block 103, which can be megabytes (MB) in size, is the smallest size 

to carry out erase operations. Shown in Fig. 1, the exemplary 3D memory device 100 

includes four memory planes 101 and each memory plane 101 includes six memory blocks 
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103. Each memory block 103 can include a plurality of memory cells, where each memory 

cell can be addressed through interconnections such as bit lines and word lines. The bit lines 

and word lines can be laid out perpendicularly (e.g., in rows and columns, respectively), 

forming an array of metal lines. The direction of bit lines and word lines are labeled as "BL" 

and "WL" in Fig. 1. In this disclosure, memory block 103 is also referred to as a "memory 

array" or "array." The memory array is the core area in a memory device, performing storage 

functions. 

[0040] The 3D memory device 100 also includes a periphery region 105, an area surrounding 

memory planes 101. The periphery region 105 contains many digital, analog, and/or mixed­

signal circuits to support functions of the memory array, for example, page buffers, row and 

column decoders and sense amplifiers. Peripheral circuits use active and/or passive 

semiconductor devices, such as transistors, diodes, capacitors, resistors, etc., as would be 

apparent to a person of ordinary skill in the art. 

[0041] It is noted that, the arrangement of the memory planes 101 in the 3D memory device 

100 and the arrangement of the memory blocks 103 in each memory plane 101 illustrated in 

Fig. 1 are only used as an example, which does not limit the scope of the present disclosure. 

[0042] Referring to Fig. 2, an enlarged top-down view of a region 108 in Fig. 1 is illustrated, 

according to some embodiments of the present disclosure. The region 108 of the 3D memory 

device 100 can include a staircase region 210 and a channel structure region 211. The 

channel structure region 211 can include an array of memory strings 212, each including a 

plurality of stacked memory cells. The staircase region 210 can include a staircase structure 

and an array of contact structures 214 formed on the staircase structure. In some 

embodiments, a plurality of slit structures 216, extending in WL direction across the channel 

structure region 211 and the staircase region 210, can divide a memory block into multiple 

memory fingers 218. At least some slit structures 216 can function as the common source 

contact (e.g., array common source) for an array of memory strings 212 in channel structure 

regions 211. A top select gate cut 220 can be disposed, for example, in the middle of each 

memory finger 218 to divide a top select gate (TSG) of the memory finger 218 into two 

portions, and thereby can divide a memory finger into two memory slices 224, where 

memory cells in a memory slice 224 that share the same word line form a programmable 

(read/write) memory page. While erase operation of a 3D NAND memory can be carried out 
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at memory block level, read and write operations can be carried out at memory page level. A 

memory page can be kilobytes (KB) in size. In some embodiments, region 108 also includes 

dummy memory strings 222 for process variation control during fabrication and/or for 

additional mechanical support. 

[0043] Fig. 3 illustrates a perspective view of a portion of an exemplary three-dimensional 

(3D) memory array structure 300, according to some embodiments of the present disclosure. 

The memory array structure 300 includes a substrate 330, an insulating film 331 over the 

substrate 330, a tier of lower select gates (LSGs) 332 over the insulating film 331, and a 

plurality of tiers of control gates 333, also referred to as "word lines (WLs)," stacking on top 

of the LSGs 332 to form a film stack 335 of alternating conductive and dielectric layers. The 

dielectric layers adjacent to the tiers of control gates are not shown in Fig. 3 for clarity. 

[0044] The control gates of each tier are separated by slit structures 216-1 and 216-2 through 

the film stack 335. The memory array structure 300 also includes a tier of top select gates 

(TSGs) 334 over the stack of control gates 333. The stack of TSG 334, control gates 333 and 

LSG 332 is also referred to as "gate electrodes." The memory array structure 300 further 

includes memory strings 212 and doped source line regions 344 in portions of substrate 330 

between adjacent LSGs 332. Each memory strings 212 includes a channel hole 336 extending 

through the insulating film 331 and the film stack 335 of alternating conductive and dielectric 

layers. Memory strings 212 also includes a memory film 337 on a sidewall of the channel 

hole 336, a channel layer 338 over the memory film 337, and a core filling film 339 

surrounded by the channel layer 338. A memory cell 340 can be formed at the intersection of 

the control gate 333 and the memory string 212. The memory array structure 300 further 

includes a plurality of bit lines (BLs) 341 connected with the memory strings 212 over the 

TSGs 334. The memory array structure 300 also includes a plurality of metal interconnect 

lines 343 connected with the gate electrodes through a plurality of contact structures 214. 

The edge of the film stack 335 is configured in a shape of staircase to allow an electrical 

connection to each tier of the gate electrodes. 

[0045] In Fig. 3, for illustrative purposes, three tiers of control gates 333-1, 333-2, and 333-3 

are shown together with one tier of TSG 334 and one tier of LSG 332. In this example, each 

memory string 212 can include three memory cells 340-1, 340-2 and 340-3, corresponding to 

the control gates 333-1, 333-2 and 333-3, respectively. In some embodiments, the number of 
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control gates and the number of memory cells can be more than three to increase storage 

capacity. The memory array structure 300 can also include other structures, for example, 

TSG cut, common source contact (i.e., array common source) and dummy memory string. 

These structures are not shown in Fig. 3 for simplicity. 

[0046] While floating gate memory cells has been traditionally utilized in flash memories, 

technology based on charge trapping has demonstrated more scaling ability and higher 

intrinsic reliability. Three-dimensional NAND using charge trapping technology has been 

developed for high density storage, where the storage information (e.g., threshold voltage Vth 

of the memory cell) depends on the amount of charge trapped in a storage layer. 

[0047] Fig. 4A illustrates a schematic cross-section of a 3D NAND memory 400a, which 

includes memory cells similar to the memory cell 340 in Fig. 3. The memory cell 340-3 

includes a control gate (e.g., the control gate 333), a memory film (e.g., the memory film 

337) and a channel layer (e.g., the channel layer 338, also referred to as the channel). 

[0048] In a 3D NAND memory, the memory film 337 can be disposed on a sidewall of each 

channel hole 336 (illustrated in Fig. 3). In some embodiments, the memory film 337 can 

include a barrier layer 422, a storage layer 424, and a tunneling layer 426. The barrier layer 

422 can be used to block the movement of electronic charges 428 between the control gate 

333 and the storage layer 424. The barrier layer 422 can include silicon oxide and high 

dielectric constant (high-k) dielectrics, for example, aluminum oxide. The storage layer 424 

can be used to store electronic charges 428 and can include silicon nitride. The storage and/or 

removal of charges in the storage layer 424 can impact the on/off state and/or a conductance 

of the channel layer 338. The tunneling layer 426 can be used to control the tunneling of 

electronic charges 428 (electrons or holes) between the channel layer 338 and the storage 

layer 424. The tunneling layer 426 can be silicon oxide, silicon nitride, silicon oxynitride, or 

any combination thereof. In a 3D NAND memory, the channel layer 338 can be disposed on 

a sidewall of the memory film 337 in the channel hole 336 (in Fig. 3.) The channel layer 338 

can include amorphous silicon, polycrystalline silicon, and/or monocrystalline silicon. 

[0049] Fig. 4B shows a schematic circuit diagram of a 3D memory array 400b. As described 

previously, the 3D memory array 400b includes a plurality of memory strings 212, each 

memory string 212 having a plurality of stacked memory cells 340. The memory string 212 

also includes at least one field effect transistor (e.g., MOSFET) at each end, which is 
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controlled by the lower select gate (LSG) 332 and the top select gate (TSG) 334, 

respectively. And the two respective transistors are referred to as lower and top select 

transistors 332-T and 334-T. The stacked memory cells 340 can be controlled by the control 

gates 333, where the control gates 333 are connected to word lines (not shown) of the 3D 

memory array 400b. The drain terminal of the top select transistor 334-T can be connected to 

the bit lines (e.g., the bit line 341-1, 341-2, 341-3, etc.), and the source terminal of the lower 

select transistor 332-T can be connected to the doped source line region 344 (see Fig. 3), 

from where an array common source (ACS) 446 can be formed. The array common source 

446 can be shared by the memory strings 212 in an entire memory block, and is also referred 

to as the common source line. 

Referring to Figs. 4A and 4B, in a NAND memory, read and write operations can be 

performed in a memory page, for example memory page 448, which includes memory cells 

sharing the same word line. In a NAND memory, each memory cell can be in an erased state 

or a programmed state. Initially, all memory cells in a block can be reset to the erased state as 

logic "l" by applying, for example, a negative voltage between the control gates 333 and 

source terminals of the memory cells (e.g., the array common source 446) such that all the 

electronic charges 428 in the storage layers 424 of the memory cells can be removed. At the 

erased state, the threshold voltage V th of the memory cells 340 can be reset to the lowest 

value, and the corresponding current flowing through the memory cells 340 between the 

source terminal (e.g., the array common source 446) and the drain terminal (e.g., the bit lines 

341) can be at the highest level for a given bias on the word lines. 

[0051] During programming (i.e., writing), a high positive voltage pulse (e.g., 12V to 18V) 

can be applied on the control gate 333 such that electronic charges 428 (e.g., electrons) can 

be injected into the storage layer 424 of the memory cell 340, where the electronic charges 

428-1 and 428-2 can be randomly captured by deep and shallow traps, respectively. After 

programming, the threshold voltage V th of the memory cell 340 can be raised to a higher 

value than that of the erased state. At a higher threshold voltage Vth, the current flowing 

through the source and drain terminals of the memory cell can be at a reduced level for a 

given bias on the word lines. By measuring (i.e., reading) the memory cell current, the 

threshold voltage V th and thereby the state of the memory cell 340 can be determined 

according! y. 
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With multi-level-cell or triple-level-cell technology, each memory cell 340 can have 

multiple programed states, i.e., multiple values of threshold voltages Vth. After every 

programming pulse, a read-verification operation can be performed to check the state of the 

memory cell. As such, each memory cell 340 can store multiple bits, leading to significant 

increase of storage capacity. 

[0053] For memory cell 340 in a programmed state, electronic charges 428-1 and 428-2 

located within the proximity of control gate 333 can affect threshold voltage Vth of the 

memory cell 340. The electronic charges 428-3 located beyond the electric field from control 

gate 333, and therefore have little impact on the threshold voltage Vth of the memory cell. In 

addition, electronic charges 428-2 captured by shallow traps in the storage layer 424 can be 

easily de-trapped, and can thereby cause initial threshold-voltage (V th) shift (IVS) during 

storage period. This process is also referred to as fast charge loss. For programmed state at 

higher threshold voltage V th, IVS can be larger due to larger amount of electronic charges 

injected to the storage layer, which results in larger number of electronic charges 428-2 

captured by shallow traps (also referred to as fast charges). 

[0054] Due to IVS, the programmed state immediately after writing cannot reflect the target 

threshold voltage V th of the memory cell 340 in real applications. Applying the fake high 

threshold voltage Vth can cause high bit-error-rate in the memory. Therefore, it is necessary 

to de-trap and remove fast charges prior to read operation such that the V th distribution 

profile of each programmed state can be more accurately determined. 

[0055] Fig. 5 illustrates a timing diagram of a read-verification operation 500 with a prepare 

voltage (pre-pulse) applied on a selected word line, according to some embodiments of the 

present disclosure. The read-verification operation 500 can reduce read disturb for unselected 

memory strings in a 3D NAND memory. Read disturb can occur when the threshold voltage 

V th (i.e., the programmed state) of an unselected memory cell is changed or disturbed during 

read or read-verification of a selected memory cell. In some embodiments, the read­

verification operation 500 includes two steps, i.e., a read-prepare step and a sensing step, 

having duration of tprepare and tsensing, respectively. The timing diagram of a selected top select 

gate (Sel_ TSG), unselected top select gates (Unsel_ TSG), a selected word line (Sel_ WL), 

unselected word lines (Unsel_ WL) and the lower select gate (LSG) are shown in Fig. 5. 
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[0056] The read-verification operation 500 starts with the read-prepare step. The TSG 334 

and the LSG 332 of a selected memory string, for example TSG 334-3 and LSG 332-3 of a 

selected memory string 212-3 in Fig. 4B, can be applied with a top select gate voltage Ytsg 

and a lower select gate voltage V1sg- A corresponding top select transistor 334-T and a lower 

select transistor 332-T of the selected memory string 212-3 can be switched on. The top and 

lower select gate voltages Ytsg and V1sg can be in a range between 4V to 7V. Accordingly, a 

current path through the stacked memory cells 340 can be established for the selected 

memory string 212-3. For example, the current flowing through the selected memory string 

212-3 can be detected from the bit line 341-3 and the array common source 446 that are 

electrically connected with the selected memory string 212-3. 

[0057] For the read-verification operation 500, the TSG of unselected memory strings 

[0058] 

(Unsel-TSG), for example TSG 334-1 of memory string 212-1 in Fig. 4B, can be applied 

with a first off voltage (Voff), for example 0V, to switch off a corresponding top select 

transistor 334-T. Current path between the unselected memory strings 212-1 and bit lines 

341-1 can be disconnected. Therefore, the channel of selected memory string 212-3 and 

unselected memory strings 212-1 can be electrically isolated. 

It is noted that there is a delay for the voltages to ramp up during the read-prepare 

step. This delay can be caused by parasitic capacitors and resistors, and is well-known for a 

person skilled in the art. Although a memory string is selected and used as an example to 

describe read-verification operation herein, it is noted that a plurality of memory strings, for 

example, a memory finger can be selected and operated in a similar way. 

[0059] Referring again to Figs. 4A, 4B and 5, to verify a target memory cell 340-3 in the 

selected memory string 212-3, a selected word line (e.g., Sel_ WL in Fig. 4B) can be applied 

with a prepare voltage Vprepare (also referred to as pre-pulse), while other word lines not 

selected (e.g., Unsel_ WL in Fig. 4B) can be applied with a pass voltage Vpass- The selected 

word line are electrically connected to the control gate 333 of the target memory cell 340-3. 

The prepare voltage Vprepare can be in a range between 4V to 7V, and the pass voltage Vpass 

can be in a range between 5V to 9V. The pass voltage Vpass can be higher than the highest 

threshold voltage of the programmed states such that the memory cells on the selected 

memory string 212-3 can be fully switched on. When the prepare voltage Vprepare is applied 

on the selected word line Sel_ WL, the target memory cell 340-3 can also be switched on. 
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Therefore, at time t1, the top and lower select transistors 334-T and 332-T, and all memory 

cells 340 of the selected memory string 212-3 are switched on. Current flows between the bit 

line 341-3 and the array common source 446 via the channel layer of the selected memory 

string 212-3. As current flowing through the channel layer 338 forming a conductive path, 

de-trapped fast charges 428-2 from the storage layer 424 can be removed through the 

conductive path. However, fast charge loss can be a slow process, which is shown in the 

timing diagram of the selected word line (Sel_ WL) in Fig. 5. 

[0060] In some embodiments, fast charges 428-2 can also be removed by thermal annealing 

or by implementing soft erase with a low negative voltage on the control gate. However, the 

read-prepare step generally can take a long time and thus impact the efficiency of the read­

verification operation. Therefore, a need exists for a read-verification operation to provide 

accelerated fast charge loss and shorten read-prepare step. 

[0061] In some embodiments, the read-prepare step can reduce read disturb for the 

unselected memory strings, for example, memory strings 212-1 and 212-2 in Fig. 4B. As 

described above, the unselected top select gates (Unsel _ TSG) for unselected memory strings 

(e.g., TSG 334-1 of memory string 212-1) can be applied with the first off voltage (Voff), e.g., 

0V, to switch off the corresponding top select transistors 334-T and disconnect from the bit 

lines (e.g., bit line 341-1) as depicted in Fig. 4B. In some embodiments, the lower select 

gates (LSG) of the unselected memory strings (e.g., LSG 332-1) are applied with the lower 

select gate voltage V1sg such that the lower select transistors 332-T are switched on. By 

applying the prepare voltage Vprepare on the selected word line (Sel_ WL), corresponding 

memory cells (e.g., memory cells 340-1, 340-2, 340-3, etc.) can be switched on if the prepare 

voltage Vprepare is selected to be higher than the threshold voltages of the programmed states 

of the memory cells. In this example, the channel of the memory cells of the unselected 

memory strings (e.g., memory cells 340-1) can be electrically connected to the array common 

source 446 to maintain at a predetermined potential, e.g., ground. 

[0062] In an example that the prepare voltage Vprepare is not applied on the selected word line 

(Sel_ WL), the memory cells corresponding to the selected word line (e.g., the memory cell 

340-1 of memory string 212-1) may not be fully switched on (e.g., a voltage applied on the 

selected word line is lower than the threshold voltage V th of the memory cell 340-1 ). Upper 

memory cells, i.e., memory cells located between the bit line (e.g., bit line 341-1) and the 
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selected word line (Sel_ WL) of the unselected memory string (e.g., memory string 212-1), 

can have floating channels, where the channel layer is not electrically connected to the bit 

lines 341 or the common array source 446. Channel potential of the upper memory cells of 

the unselected memory string (e.g., memory string 212-1) can vary randomly. Memory cells 

with floating channel can suffer charge loss due to an unknown electrical field between the 

control gate 333 and the channel layer 338 (see Fig. 4A). The trapped charges 428 and 

thereby the threshold voltages Vth (i.e., programmed states) of the memory cells can be 

changed or disturbed, where the change can be significant with the increased number of 

reading operation. By introducing the read _prepare step prior to the sensing step, as 

described previously, read disturb on the unselected memory strings can be reduced. 

[0063] After the read_prepare step, the voltage bias on the selected word line (Sel_ WL) can 

be reduced from the prepare voltage Vprepare to a read voltage Vread to sense (i.e., read or 

measure) the threshold voltage Vth of the target memory cell. The read voltage Vread can be in 

a range between 0V to 2V. For the target memory cell programmed with threshold voltage 

V th lower than the read voltage Vread, the target memory cell can be switch on and form a 

conductive path in the channel layer 338. If the threshold voltage Vth is higher than the read 

voltage Vread, the channel of the target memory cell is switched off The programmed state of 

the target memory cell can be determined accordingly. It is noted that the transition period 

from the prepare voltage Vprepare to the read voltage Vread is a slow process due to parasitic 

capacitance and resistance as well as slow de-trapping process of fast trap loss. The sensing 

step can start after the Sel_ WL reach the read voltage Vread, which increases the overall 

duration tprepare of read-prepare step. 

[0064] Fig. 6 illustrates a read-verification operation 600 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 600 also includes the read-prepare step and the 

sensing step. During the read-prepare step of the read-verification operation 600, the 

Sel _ TSG and the LSG can be applied with the top and lower select gate voltages Ytsg and 

V1sg, respectively, to switch on the top and lower select transistors 334-T and 332-T (in Fig. 

4B), similar to those used in the read-verification operation 500 in Fig. 5. However, unlike 

the read-verification operation 500, the Unsel _ TSG of the read-verification operation 600 is 

applied with the prepare voltage Vprepare during the read-prepare step. Accordingly, the 
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selected and unselected memory strings can all be electrically accessed from the bit line 341 

and the array common source 446. 

[0065] In some embodiments, during the read-prepare step of the read-verification operation 

600, the selected memory cell can be switched off by applying a second off voltage, e.g., 0V 

on the selected WL (i.e., Sel_ WL). The unselected memory cells (i.e., Unsel_ WL) can be 

switched on with the pass voltage Vpass after a delay period tdetayl• During the delay period 

tde1ay1, all select transistors controlled by Sel_ TSG, Unsel_ TSG and LSG are turned on with 

applied voltages Ytsg, Vprepare and V1sg and thus the channel of the memory string 212 can be 

electrically connected to the bit line 341 and the array common source 446 (shown in Fig. 

4B), and can be maintained at a potential adjustable by a voltage of the bit line 341. When 

the Unsel_ WL is applied with the pass voltage Vpass, all the unselected memory cells of the 

selected memory string are switched on. Therefore, the channel of the selected memory cell 

can be electrically connected to the bit line 341 through upper memory cells and to the array 

common source 446 through the lower memory cells. The channel of the selected memory 

cell can thereby be held at a potential adjustable by the voltage of the bit line 341 and the 

array common source 446. 

[0066] In some embodiments, the delay period tdetayl is implemented such that the channel of 

the memory string 212 is not electrically isolated from the bit line 341 or the array common 

source 446 before Unsel_ WL can be ramped up from 0V to the pass voltage Vpass- Referring 

to Fig. 4B and Fig. 6, if the Unsel_ WL is applied with the pass voltage Vpass before the 

Sel _ TSG reach the top select gate voltage Ytsg or Unsel _ TSG reach the prepare voltage 

Vprepare, the top select transistors are off and upper portion of the channel layer 338 that is 

located close to the bit line 341 becomes a floating node. More specifically upper memory 

cells located between the bit line and the selected memory cell can have a floating channel 

potential. Similarly, if the Unsel_ WL is applied with the pass voltage Vpass before the LSG 

ramps up to the lower select gate voltage V1sg to switch on the lower select transistor, lower 

portion of the channel layer 338 that is located close to the array common source 446 

becomes a floating node. More specifically lower memory cells located between the bit line 

and the selected memory cell can have a floating channel potential. When floating, channel 

potential of the memory cells can be boosted by the pass voltage Vpass of the Unsel_ WL 

through coupled capacitance. The boosted channel potential of the unselected memory cells 
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can influence the channel potential of the neighboring selected memory cell and influence 

fast charge removing process. By introducing the delay period tdetayl, the aforementioned self­

boosting effect or read disturb on the selected or unselected memory cell can be avoided. 

In some embodiments, the read-prepare step also includes a delay period tde1ay2, a 

duration between ramping up the pass voltage Vpass ofUnsel_ WL and the read voltage Vread 

of the Sel_ WL. During the delay period tdetay2, the voltage of Sel_ WL is kept at 0V while the 

voltage of Unsel_ WL is raised from 0V to the pass voltage Vpass- As discussed previously, 

the pass voltage Vpass is applied on the Unsel_ WL after the top and lower select transistors 

are switched on with applied voltages Ytsg, Vprepare and V1sg on Sel_TSG, Unsel-TSG and 

LSG, respectively. As such, the selected memory cell is switched off while unselected 

memory cells are switched on. Referring back to Fig. 4A, while the selected memory cell 

340-3 is switched off, the neighboring unselected memory cells 340 are switched on. 

Between the selected memory cell 340-3 with a 0V gate bias and the neighboring unselected 

memory cells 340 with a gate bias of the pass voltage Vpass, an electric field parallel to the 

channel can be established accordingly. The electric field between the neighboring selected 

and unselected word line can also extend into the charge storage layer 424, the tunneling 

layer 426 and the channel layer 338. The electric field can generate an electric force on the 

fast charges 428-2 captured in the storage layer 424. The electric force can de-trap the fast 

charges 428-2 from the shallow traps, pull them towards the neighboring unselected memory 

cells. The fast charges can then be recombined with charges of opposite sign or be removed 

through the conductive path established in the channel of the unselected memory cells. As a 

result, fast charges 428-2 in the storage layer 424 of the selected memory cell 340-3 can be 

removed through electric field from neighboring unselected memory cells. 

Referring again to Fig. 6, the duration of the read-prepare step of the read-verification 

operation 600 includes the sum of the delay period tdetayl and tdetay2- Both tdetayl and tde1ay2 can 

be pre-determined values. 

[0069] In some embodiments, after the read-prepare step, the read voltage Vread is applied on 

the Sel_ WL to start the sensing step and BL pre-charge. The sensing step has a duration of 

tsensing, which can also be a predetermined value. During the sensing step, a voltage of 0V is 

applied on the Unsel_TSG, which switches off the unselected top select gates and electrically 

isolates the channel of selected memory string from the channel of unselected memory 
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strings. Similar to the read-verification operation 500 (in Fig. 5), the ramping-down process 

from the prepare voltage Vprepare to 0V has a delay time, resulting from parasitic resistance 

and capacitance of the 3D memory structure. To switch on the memory cells, the prepare 

voltage Vprepare can be set higher than the threshold voltage V th of the memory cell. When the 

voltage ofUnsel_TSG ramping down from the prepare voltage Vprepare to below Vth, the top 

select transistors of the unselected memory strings are switched off accordingly. The read­

verification operation 600 has a duration tprepare2 from the beginning of the read-prepare step 

to the moment that the Unsel _ TSG drops to below V th- In the other words, the duration 

tprepare2 is the minimum time requirement for turning off the Unsel_TSG in the read­

verification operation 600. The read-verification operation 600 has a duration tpreparel from 

the beginning of the read-prepare step to the moment that the Unsel_TSG reaches 0V. For 

read-verification operation 600, duration of the read-prepare step, i.e., tde1ay1 +tde1ay2 is less 

than tprepare2- The sensing step and BL pre-charge start when Unsel _ TSG is above V th and the 

unselected top select transistor is still on. This operation can provide a minimum time used 

for the read-prepare step, although more power is consumed. The time saved tPROG-save is a 

difference between tpreparel and tdelay1+tdelay2-

[0070] Fig. 7 illustrates a read-verification operation 700 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 700 is similar to the read-verification operation 

600, except having a duration of the read-prepare step (i.e., tdetayl +tde1ay2) equals tprepare2, the 

minimum time requirement for turning off the Unsel _ TSG. In the read-verification operation 

700, the sensing step and BL pre-charge start when the unselected top select transistors are 

just turned off Still, the time saved tPROG-save can be expressed as the difference between 

tpreparel and tde1ay1+tde1ay2, as shown in Fig. 7. This operation can be sped-up, and thus 

improved, without consuming more power. 

[0071] Fig. 8 illustrates a read-verification operation 800 designed to accelerate fast charge 

loss in a three-dimensional flash memory, according to some embodiments of the present 

disclosure. The read-verification operation 800 is similar to the read-verification operation 

600, except having a duration of the read-prepare step (i.e., tdetayl +tde1ay2) more than tprepare2, 

the minimum time requirement for turning off the Unsel _ TSG. In the read-verification 

operation 800, the sensing step and BL pre-charge start after the unselected top select 
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transistors are turned off The time saved tPROG-save can also be expressed as the difference 

between tpreparel and tde1ay1+tde1ay2, as shown in Fig. 8. This operation can allow more time for 

removing fast charges. 

[0072] As described above, accelerating fast charge loss in a 3D NAND flash memory can 

be achieved by applying the prepare voltage V prepare on Unsel _ TSG, the pass voltage V pass on 

the Unsel_ WL, and 0V on the Sel-WL at the read-prepare step. The threshold voltage Vth of 

the target memory cell, associated with the Sel_ WL, can be stabilized before the sensing step 

such that the verified storage data can be more reliable. 

[0073] In addition, the read-verification operation described above can greatly reduce the 

[0074] 

[0075] 

time required at the read-prepare step. The fast charges can be removed by electric field 

generated between Sel _ WL and neighboring Unsel _ TSG. After fast charge removal, the 

sensing step starts when the voltage on Sel_ WL is switched from 0V to the read voltage 

Vread, without the need to wait for the Unsel-TSG to ramp down from the prepare voltage 

V prepare to 0V. Therefore, the duration of read-prepare step can be shortened, i.e., tdetayl +tde1ay2 

< tpreparel, where tPROG-save = tprepare1-tdelay1-tdelay2 is the time saved. 

3D NAND flash memory with multi-level-cells typically uses an algorithm with 

incremental step pulses to program the memory cells. After every program pulse, a read­

verification operation is performed to check the state of the memory cells. When the memory 

cell reaches the target state (i.e., target threshold voltage), the program will be stopped. In the 

meantime, the memory cells not programed to the target state are calculated towards failed 

bit count (FBC), where the FBC can be executed in parallel to the read-verification operation 

to save the time of the entire programming cycle. As shown in Figs. 6-8, FBC operation can 

be performed in parallel with the read-prepare step. In some embodiments, duration of the 

FBC operation can be shorter than the duration of the read-prepare step, and the FBC 

operation can be incorporated within the read-prepare step starting at any suitable time. The 

failed memory cells can be programmed again to the target memory state accordingly. 

In summary, the present disclosure provides a method for conducting a read­

verification operation on a target memory cell in a three-dimensional (3D) memory device, 

where the method includes removing fast charges of the target memory cell at a read-prepare 

step and measuring a threshold voltage of the target memory cell at a sensing step. Removing 

the fast charges of the target memory cell includes applying a prepare voltage (Vprepare) on an 
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unselected top select gate (Unsel_ TSG) of an unselected memory string, applying a first off 

voltage (Voff) on a selected word line (Sel_ WL) associated with the target memory cell, and 

applying a pass voltage (Vpass) on an unselected word line (Unsel_ WL). 

[0076] The foregoing description of the specific embodiments will so fully reveal the general 

nature of the present disclosure that others can, by applying knowledge within the skill of the 

art, readily modify and/or adapt, for various applications, such specific embodiments, 

without undue experimentation, and without departing from the general concept of the 

present disclosure. Therefore, such adaptations and modifications are intended to be within 

the meaning and range of equivalents of the disclosed embodiments, based on the disclosure 

and guidance presented herein. It is to be understood that the phraseology or terminology 

herein is for the purpose of description and not of limitation, such that the terminology or 

phraseology of the present specification is to be interpreted by the skilled artisan in light of 

the disclosure and guidance. 

[0077] Embodiments of the present disclosure have been described above with the aid of 

functional building blocks illustrating the implementation of specified functions and 

relationships thereof. The boundaries of these functional building blocks have been 

arbitrarily defined herein for the convenience of the description. Alternate boundaries can be 

defined so long as the specified functions and relationships thereof are appropriately 

performed. 

[0078] The Summary and Abstract sections can set forth one or more but not all exemplary 

embodiments of the present disclosure as contemplated by the inventor(s), and thus, are not 

intended to limit the present disclosure and the appended claims in any way. 

[0079] The breadth and scope of the present disclosure should not be limited by any of the 

above-described exemplary embodiments, but should be defined only in accordance with the 

following claims and their equivalents. 

Atty. Dkt. No. 4123.0850001 

IPR2024-00793 Page 106



Electronic Acknowledgement Receipt 

EFSID: 38456363 

Application Number: 16729838 

International Application Number: 

Confirmation Number: 5773 

Title of Invention: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

First Named Inventor/Applicant Name: Zilong CHEN 

Customer Number: 26111 

Filer: Donald J. Featherstone/David Ofori Amanfo 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0850001 

Receipt Date: 31-JAN-2020 

Filing Date: 30-DEC-2019 

Time Stamp: 14:12:30 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

226082 

1 Miscellaneous Incoming Letter 
2020-01-31-Miscellaneous-

2 
Letter-4123-0850001.pdf 

no 
18912b3094ea43b5412c41 e46d1 6936624 

7cc88 

Warnings: 

IPR2024-00793 Page 107



Information: 

109395 

2 
2020-01-31-Preliminary-

yes 4 
Amendment-4123-0850001.pd 

2d029a8305925428d 16b20aaff14c80a2a73 
db24 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Preliminary Amendment 1 1 

Specification 2 2 

Drawings-only black and white line drawings 3 3 

Applicant Arguments/Remarks Made in an Amendment 4 4 

Warnings: 

Information: 

132700 

3 
Drawings-only black and white line 2020-01-31-Replacement-

no 1 
drawings Sheet-4123-0850001.pdf 

441 c6989a2f0f83899f1 6942b7aef87d2873 
b770 

Warnings: 

Information: 

1979398 
2020-01-31-Notice-Corrected-

4 
Applicant Response to Pre-Exam 

Application- no 2 
Formalities Notice 

Papers-4123-0850001.pdf 2a7c466c8ca 7641 e42f74c1 73ba58daf83bc 
2e10 

Warnings: 

Information: 

138160 
2020-01-31-Substitute-

5 Specification Specification-Marked- no 20 
Up-4123-0850001.pdf ab025 70c58cae8763 6922ed 6b8Sd 3 991 3 0 

c3f5f 

Warnings: 

Information: 

137482 
2020-01-31-Substitute-

6 Specification Specification- no 20 
Clean-4123-0850001.pdf 81 0f8fa6b99 5 2e872d4 fa6a2 76f6ab6b4877 

413e 

Warnings: 

Information: 

Total Files Size (in bytes) 2723217 

IPR2024-00793 Page 108



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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

IPR2024-00793 Page 109



DONALDJ.FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

January 31, 2020 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Re: U.S. Patent Application 
Appl. No. 16/729,838; Filed: December 30, 2019 

c;~,1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 5773 
Mail Stop Missing Parts 

For: METHOD FOR READING THREE-DIMENSIONAL FLASH 
MEMORY 

Inventors: CHEN et al. 
Our Ref: 4123.0850001 

Commissioner: 

In reply to the "Notice to File Corrected Application Papers," dated January 24, 2020, 
Applicant transmit the following documents for appropriate action by the U.S. Patent and 
Trademark Office: 

1. Reply to Notice to File Corrected Application Papers and Preliminary 
Amendment Under 37 C.F.R. § 1.115; 

2. 1 Sheet of Replacement Drawings: (Figures 4A and 4B); 

3. A Copy of the Notice to File Corrected Application Papers, dated January 
24, 2020; 

4. Marked-Up Copy of Substitute Statement; and 

5. Clean Copy of Substitute Statement. 

The above-listed documents are filed electronically. 

Fee payment is provided through online credit card payment. The U.S. Patent and 
Trademark Office is hereby authorized to charge any fee deficiency, or credit any overpayment, 
to our Deposit Account No. 19-0036. 

St~t~:l, K(?.t$ll:lt t~❖kh:tdn &: f◊~ f\t,LC. I HO() N(W<' Y❖t~ .Av~~ttii~\ NV>/ l \\'~•~hifltJt&-;:, ~).,(), i()QOS 

P 101,37"!,fm.Ki l F 2zi:z,:.rn.254l1 l $ti::rni,-.,k~~,tfou,mn 

IPR2024-00793 Page 110



Commissioner for Patents 
January 31, 2020 
Page 2 

If extensions of time under 37 C.F.R. § 1.136 other than those otherwise provided for 
herewith are required to prevent abandonment of the present patent application, then such 
extensions of time are hereby petitioned, and any fees therefor are hereby authorized to be 
charged to our Deposit Account No. 19-0036. 

DJF/M-Y/d-o 
Enclosures 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 

St~t~:l, K(?.t$ll:lt t~❖kh:tdn &: f◊~ f\t,LC. I HO() N(W<' Y❖t~ .A,i~ttii~\ NV>/ l \\'~•~hifltJt&-;:, ~).,(), iiJQOS 

P 101,37"!,fm.Ki l F 2zi:z,:.rn.254l1 l :Hi::rni,..,k~~,tfou,mn 

IPR2024-00793 Page 111



- 3 - CHEN etal. 
Application No. 16/729,838 

Amendments to the Drawings 

Figures 4(a) and 4(b) are renumbered as "Fig. 4A" and "Fig. 4B," respectively. A 

replacement drawing sheet with the amended Figures 4A and 4B is attached to this response. No 

new matter has been added based on this amendment. Identification of the replacement drawing 

sheet submitted herewith is provided in accordance with 37 C.F.R. §§ 1.84 and l.12l(d). 

Acknowledgement of the receipt, approval and entry of this drawing sheet into this application is 

respectfully requested. 

Atty. Dkt. No. 4123.0850001 

IPR2024-00793 Page 112



- 4 - CHEN etal. 
Application No. 16/729,838 

Remarks 

In reply to the Notice to File Corrected Application Papers dated January 24, 2020, 

Applicant submits herewith a marked-up version and a clean version of the substitute specification, 

and replacement Figures 4A and 4B. These changes are believed to introduce no new matter, and 

their entry thereof is respectfully requested. 

Conclusion 

Prompt and favorable consideration of these amendments is respectfully requested. 

Applicant believes the present application is in condition for allowance. If the Examiner believes, 

for any reason, that personal communication will expedite prosecution of this application, the 

Examiner is invited to telephone the undersigned at the number provided. 

Date: 1/31/2020 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 

14492270.1 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 

Atty. Dkt. No. 4123.0850001 

IPR2024-00793 Page 113



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/729,838 

26111 

FILING or 
37l(c)DATE 

12/30/2019 

GRPART 

UNIT 

2827 
FIL FEE REC'D 

1880 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

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

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

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

4123.0850001 20 1 
CONFIRMATION NO. 5773 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll! ~~ 11gi~Wj~ 111111111111111 IIII IIII 

Date Mailed: 02/05/2020 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

lnventor(s) 
Zilong CHEN, Wuhan, CHINA; 
Xiang FU, Wuhan, CHINA; 

Applicant( s) 
Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 

Assignment For Published Patent Application 
Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 

Power of Attorney: The patent practitioners associated with Customer Number 26111 

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/CN2019/112728 10/23/2019 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1 of 4 

IPR2024-00793 Page 114



Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 01/22/2020 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/729,838 

Projected Publication Date: 04/29/2021 

Non-Publication Request: No 

Early Publication Request: No 
Title 

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Preliminary Class 

365 

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 

page 2 of 4 

IPR2024-00793 Page 115



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

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

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

Substitute for Form PTO-875 16/729,838 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

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

BASIC FEE N/A N/A N/A N/A 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 460 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/729,838 12/30/2019 

26111 

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 

Zilong CHEN 4123.0850001 
CONFIRMATION NO. 5773 

INFORMAL NOTICE 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 111111111111111111111111]~!1]!~1!~1! ~~ ~i~il~U] 11111 111111111111111111 
WASHINGTON, DC 20005 

Date Mailed: 02/05/2020 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Zilong CHEN 
Xiang FU 

/ebekele/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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DONALDJ.FEATHERSTONE 
DIRECTOR 

(202) 772-8629 
DO NF@STERNEKESSLER.COM 

April 2, 2020 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sterne Kessler 
STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 5773 
Art Unit 2827 

Re: U.S. Utility Patent Application 
Appl. No. 16/729,838; Filing Date: December 30, 2019 
For: METHOD FOR READING THREE-DIMENSIONAL FLASH 

MEMORY 
Inventors: CHEN et al. 
Our Ref: 4123.0850001 

Commissioner: 

Transmitted herewith for appropriate action is a document entitled Combined 
Declaration and Assignment, which is submitted electronically. 

In the event that extensions of time are necessary to prevent abandonment of this patent 
application, then such extensions of time are hereby petitioned. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency 
and any additional fees required to continue prosecution or appeal of this application (including 
issue fee, fees for net addition of claims or forwarding to appeal) or credit any overpayment to 
our Deposit Account No. 19-0036. 

DJF/M-Y/jcv 
Enclosure 

14805073 l.docx 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Atty. Docket No. 4123.0850001 

COMBINED DECLARATION AND ASSIGNMENT 

DECLARATION 

As the below named inventors, I hereby declare that: 

This declaration is directed to: 

D The attached application, or 

~ United States application or PCT international application number 16/729,838 

filed on December 30, 2019 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed 
invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is 
punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or 
both. 

ASSIGNMENT 

In consideration of the sum of One Dollar ($1.00) or equivalent and other good and 
valuable consideration paid to each of the below named inventors, each of the below named 
inventors, hereby sell and assign to Yangtze Memory Technologies Co., Ltd., a corporation 
formed under the laws of China, whose mailing address is No. 88 Weilai 3rd Road, East Lake 
High-Tech Development Zone, Wuhan, Hubei, China (hereafter referred to as the Assignee), 
his/her entire right, title and interest, including the right to sue for past infringement and to 
collect for all past, present and future damages, for the United States of America (as defined in 
35 U.S.C. § 100) and throughoutthe world, 

2034285-0l IE549J'>-JO. 218. 20. 65 
32766-09/03/2020 IO: 28 

(a) in the invention(s) known as METHOD FOR READING THREE­
DIMENSIONAL FLASH MEMORY, for which application(s) for patent in the 
United States of America is identified above, in any and all applications thereon, 
in any and all Letters Patent(s) therefor, and 

(b) in any and all applications that claim the benefit of the patent application 
identified above in part (a), including non-provisional applications, continuing 
(continuation, divisional, or continuation-in-part) applications, reissues, 
extensions, renewals and reexaminations of the patent application or Letters 
Patent therefor listed above in part (a), to the full extent of the. term or terms for 
which Letters Patents issue, and 
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Appl. No. 16/729,838 
Atty. Docket No. 4123.0850001 

( c) in any and all inventions described in the patent application identified above in 
part (a), and in any and all forms of intellectual and industrial property protection 
derivable from such patent application, and that are derivable from any and all 
continuing applications, reissues, extensions, renewals and reexaminations of 
such patent application, including, without limitation, patents, applications, utility 
models, inventor's certificates, and designs together with the right to file 
applications therefor; and including the right to claim the same priority rights 
from any previously filed applications under the International Agreement for the 
Protection of Industrial Property, or any other international agreement, or the 
domestic laws of the country in which any such application is filed, as may be 
applicable; 

all such rights, title and interest to be held and enjoyed by the above-named Assignee, its 
successors, legal representatives and assigns to the same extent as all such rights, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale not been 
made. 

The below named inventors agree to execute all papers necessary in connection with the 
application(s) and any non-provisional, continuing (continuation, divisional, or continuation-in­
part), reissue, reexamination or corresponding application(s) thereof and also to execute separate 
assignments in connection with such application(s) as the Assignee may deem necessary or 
expedient. 

The below named inventors agree to execute all papers necessary in connection with any 
patent enforcement action Gudicial or otherwise) related to the application(s) or any non­
provisional, continuing (continuation, divisional, or continuation-in-part), reissue or 
reexamination application(s) thereof and to cooperate with the Assignee in every way possible in 
obtaining evidence and going forward with such patent enforcement action. 

The below named inventors hereby represent that he/she has full right to convey the 
entire interest herein assigned, and that he/she has not executed, and will not execute, any 
agreement in conflict therewith. 

The below named inventors hereby represent that he/she understands that the patent 
practitioners associated with CUSTOMER NUMBER 26111 are the legal representatives of, 
and attorneys for, the assignee, and are NOT the legal representatives of, and attorneys for, the 
inventors. 

2034285-0l 1E549.l>-!O. 218. 20. 65 
32766-09/03/2020 IO: 28 
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Appl. No. 16/729,838 
Atty. Docket No. 4123.0850001 

IN WITNESS WHEREOF, executed by the below named inventors on the date opposite 
his/her name. 

LEGAL NAME OF INVENTOR 

Inventor: Zilong CHEN Date: 

Signature oflnventor: 

LEGAL NAME OF INVENTOR 

· Inventor: Xiang FU Date: 

Signature of Inventor: __ __;_X_,--~__,f-f--}-l--"t-=--------------------

2034285-011E549,~-IO. 218. 20. 65 
32766-09/03/2020 I 0: 28 

Page 3 of 4 

IPR2024-00793 Page 123



SCHEDULE A 

Appl. No. 16/729,838 
Atty. Docket No. 4123.0850001 

UNITED STATES PATENTS, UNITED STATES PATENT APPLICATIONS AND 
INTERNATIONAL APPLICATIONS THAT DESIGNATE THE UNITED ST ATES 

Application No. Filing Date Patent No. Issue Date 
PCT/CN2019/112728 October 23, 2019 

OTHER INTERNATIONAL APPLICATIONS AND PATENTS 

Country Application No. Filing Date 

14487295_1.docx 

2034285-0IIE5AAP-JO. 218. 20. 65 
32766-09/03/2020 10: 55 
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Electronic Acknowledgement Receipt 

EFSID: 39045400 

Application Number: 16729838 

International Application Number: 

Confirmation Number: 5773 

Title of Invention: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

First Named Inventor/Applicant Name: Zilong CHEN 

Customer Number: 26111 

Filer: Donald J. Featherstone/Julia Vang 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0850001 

Receipt Date: 02-APR-2020 

Filing Date: 30-DEC-2019 

Time Stamp: 16:23:44 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

323243 

1 Miscellaneous Incoming Letter 
2020-04-02-Cover-

1 
Letter-4123-0850001.pdf 

no 
0c00173d48878Sd1 69e81469eea2332952 

d6552 

Warnings: 
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Information: 

124384 

2 Oath or Declaration filed 
2020-04-02-Declaration-

4 
Assignment-4123-0850001.PDF 

no 
21 efce808c5b2351 97ba2fa 1 bf0ac08e5a4a 

8805 

Warnings: 

Information: 

Total Files Size (in bytes) 447627 

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

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

NATURE OF CONVEYANCE: 

CONVEYING PARTY DATA 

ZILONG CHEN 

XIANG FU 
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Atty. Docket No. 4123.0850001 

COMBINED DECLARATION AND ASSIGNMENT 

DECLARATION 

As the below named inventors, I hereby declare that: 

This declaration is directed to: 

D The attached application, or 

IZ! United States application or PCT international application number 16/729,838 

filed on December 30, 2019 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed 
invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is 
punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or 
both. 

ASSIGNMENT 

In consideration of the sum of One Dollar ($1.00) or equivalent and other good and 
valuable consideration paid to each of the below named inventors, each of the below named 
inventors, hereby sell and assign to Yangtze Memory Technologies Co., Ltd., a corporation 
formed under the laws of China, whose mailing address is No. 88 Weilai 3rd Road, East Lake 
High-Tech Development Zone, Wuhan, Hubei, China (hereafter referred to as the Assignee), 
his/her entire right, title and interest, including the right to sue for past infringement and to 
collect for all past, present and future damages, for the United States of America (as defined in 
35 U.S.C. § 100) and throughout the world, 

2034285-0IIE549i>-IO. 218. 20. 65 
32766-09/03/2020 IO: 28 

(a) in the invention(s) known as METHOD FOR READING THREE­
DIMENSIONAL FLASH MEMORY, for which application(s) for patent in the 
United States of America is identified above, in any and all applications thereon, 
in any and all Letters Patent(s) therefor, and 

(b) in any and all applications that claim the benefit of the patent application 
identified above in part (a), including non-provisional applications, continuing 
(continuation, divisional, or continuation-in-part) applications, reissues, 
extensions, renewals and reexaminations of the patent application or Letters 
Patent therefor listed above in part (a), to the full extent of the term or terms for 
which Letters Patents issue, and 
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Appl. No. 16/729,838 
Atty. Docket No. 4123.0850001 

(c) in any and all inventions described in the patent application identified above in 
part (a), and in any and all forms of intellectual and industrial property protection 
derivable from such patent application, and that are derivable from any and all 
continuing applications, reissues, extensions, renewals and reexaminations of 
such patent application, including, without limitation, patents, applications, utility 
models, inventor's certificates, and designs together with the right to file 
applications therefor; and including the right to claim the same priority rights 
from any previously filed applications under the International Agreement for the 
Protection of Industrial Property, or any other international agreement, or the 
domestic laws of the country in which any such application is filed, as may be 
applicable; 

all such rights, title and interest to be held and enjoyed by the above-named Assignee, its 
successors, legal representatives and assigns to the same extent as all such rights, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale not been 
made. 

The below named inventors agree to execute all papers necessary in connection with the 
application(s) and any non-provisional, continuing (continuation, divisional, or continuation-in­
part), reissue, reexamination or corresponding application(s) thereof and also to execute separate 
assignments in connection with such application(s) as the Assignee may deem necessary or 
expedient. 

The below named inventors agree to execute all papers necessary in connection with any 
patent enforcement action Gudicial or otherwise) related to the application(s) or any non­
provisional, continuing (continuation, divisional, or continuation-in-part), reissue or 
reexamination application(s) thereof and to cooperate with the Assignee in every way possible in 
obtaining evidence and going forward with such patent enforcement action. 

The below named inventors hereby represent that he/she has full right to convey the 
entire interest herein assigned, and that he/she has not executed, and will not execute, any 
agreement in conflict therewith. 

The below named inventors hereby represent that he/she understands that the patent 
practitioners associated with CUSTOMER NUMBER 26111 are the legal representatives of, 
and attorneys for, the assignee, and are NOT the legal representatives of, and attorneys for, the 
inventors. 

2031285-0l!E519P-10. 218. 20. 65 
32766-09/03/Z020 10: 28 
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Appl. No. 16/729,838 
Atty. Docket No. 4123.0850001 

IN WITNESS WHEREOF, executed by the below named inventors on the date opposite 
his/her name. 

LEGAL NAME OF INVENTOR 

Inventor: Zilong CHEN Date: 

Signature oflnventor: ___,Z.e::........::ilo_~....-l---=G....:...H_,_£---'N--'--------------­

LEGAL NAME OF INVENTOR 

· Inventor: Xiang FU Date: 

Signature oflnventor: ___ X;__1_' 9i_-H-_}_,__<t\._;_ _______________ _ 

2034285-01 IE549P-!O. 218. 20. 65 
32766-09/03/2020 IO: 28 
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SCHEDULE A 

Appl. No. 16/729,838 
Atty. Docket No. 4123.0850001 

UNITED STATES PATENTS, UNITED STATES PATENT APPLICATIONS AND 
INTERNATIONAL APPLICATIONS THAT DESIGNATE THE UNITED STATES 

Application No. Filing Date Patent No. Issue Date 
PCT/CN2019/l 12728 October 23, 2019 

OTHER INTERNATIONAL APPLICATIONS AND PATENTS 

Country Application No. Filing Date 

14487295 _ 1.docx 

2034285-011E5AAP-IO. 218. 20. 65 
32766-09/03/2020 10: 55 
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PTOiS8/08a (07-09) 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Undec the Paperwork RRrJuction Act of 1995 no persons are ceauirRrJ to res.iont1 to a collec"on of 'n'orrnation unless it r·ontains a v~lid 0MB contro' nurnbec " '" " .. " u '' ,. 

r Complete if Known ' Substitute for form 1449/PTO 
Application Number 16/729,838 

INFORMATION DISCLOSURE 
Filing Date December 30, 2019 
Firs! Named Inventor Zilong CHEN 

STATEMENT BY APPLICANT Art Unit 2827 
(Use as many sheets as necessary) Examiner Name LE, THONG QUOC 

\.. Sheet 11 I of i1 Attorney Docket Number 4123.0850001 .,J 

I U.S. PATENT DOCUMENTS 
Examiner Ci!e Document Number Publica!ion Date Name of Patentee or Pages, Columns. Lines, Where 
Initials* No. 1 MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Number-Kind Code2 (ifkriown) Figures Appear 

US1 US- 2012/0275223 A 1 11-01-2012 Baek 

US2 US- 2013/0339603 A 1 12-19-2013 Zhu et al. 

US3 US- 9,607,707 B1 03-28-2017 Pang ei al. 

US4 US- 9,704,587 81 07-11-2017 Park 

USS us-10,121,554 82 11-06-2018 Harari 
US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US--

US-

US-

US-

I FOREIGN PATENT DOCUMENTS 
Examiner Cite i'oreign Patent Document Pubiicat;on Name of Patentee or Pages, Columns, Lines, 
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1. ~t~¥-~1*ff141'l1.Jt~1t:1J1:t, 'E1=r15~ r wi, = 

.ill ct ii ffi f~ ~ lli 1JH€r JU H1ii ff$ x Bf.J B>: mu 8 tJzlO ii* 1¥ $t ~ lli 1JH€r JU tE ¥-~ 1**1 Jf£ 
~~~ITTm*mm~H~ff•x*fiffi~;~& 

MIJ§tExtffil~Bf.JH1iiff$x*1r~iiEZ.lW, .illctii11£r?JT~*1¥$t~lliBI.J ~lli 1AmJU 
m~B>:muat&H _§J~iim~*1¥$t~lli1AmJUm~m, **Pittm~H1itff$xl'lf.J~m~t'.1. 
~~ i=p 1¥ $t l'lf.J ~ ~ o 

2. -tzo:tX::fLl~* 1 ?JT~Bf.Jt*ft:1J1:t, Jti=p, ?JT~*1¥$t ~lliJJ.~11£ r m~ffif¥ ~lliBI.J IE 
~fuo 

3. -t,io:tJZ.lLl~* 2 ?fr~Bf.J1%:{7=:7J¥t,Jti=p,ffl~*1¥$t~lli~ 0. lV ~ 0. 5Vo 

4. -tzo:txtU~* 1 m~l'lf.Jt*ft:1J1t, Jti=p, PJT~ffifi~lli:t~JJoT Pfi~*1¥$t~llio 
5. -tzo:tX::fLl~* 1 ?JT~Bf.Jt*{t:1Jrt, Jti=p, ii1I£r ?JT~*f¥~ ~lliBI.J ~lli 1AmJUm~B>: 

mu8tlkITTwI1,'E1t15 :tE?JT~*1¥$t~llifffe1AmJUPJT~mITTtlt~rii~tfil~lli1AmJUPJT~B>: 
muat:&o 

6. -tzo:txtU~* 1 PJT~l'l1t*1t:1J1*, iE'E1=r15 ~ r wl!t =tt*PitEPJT~~~m~t'.1.~~ i=p 1¥$t 
ITT~~z.J§.illtt~*~~mm~mITT~lli*~~m~H~ff$5to 

1. -tzo:txtu~* 6 PJT~l'l1t*1t:1J1t, Jti=p, pft1I£~JJomm~ma{] ~llil'l"Jw¥t'E1=r15ii~t-m 
~lli 1AmJum~m 0 

8. ~t~¥-~1*ff141'l1.Jt*1t:1J1:t, 'E1=r15~ r wi, = 

.illtt ii ffi fi ~lli fA m JU~ i=p Bf.J *~, ii .illtt ~ lli 1A m JU*~ i=p Bf.J * ~:;¥0 ii* 1¥ $t ~lli 
1AmJUm*xt~i=p l'l"JH1itff•x*1rffit¥, Jti=p m~ffif¥ ~lli 1%1Jr PJT~.illtt~lli_aPJT~.ill 
tt~llil%1JrPJT~*1¥$t~lli ; ~& 

~3nJ§tE1AfiPJT~H1itff$xl'l1~iiEt*1tz mr, ii1I£r m~*1¥$t~llil'lf.J ~&1AmJUm 
~~i=p ITT*~lOPJT~*~i=p ITT*~* _aiEiiPJT~*1¥~~lli1AmJUm~mo 

9. -tzo:txtU~* 8 m~Bf.J1*1t:1Jrt, Jti=p, PJT~*1¥$t~lliJJ.~11£r.illtt~lliITTIE~llio 
10. -tzo:tJZ.lU~* 8 PJT~Bf.Jt*ft:1J1t, Jti=p, m~*1¥$t~lli~ o. 1 V ~ o. 5Va 

11. -tzo:tX::fLl~* 8 ?JT~Bf.Jt*ft:1J1t, Jti=p, m~ffifi ~lli:;fOfo)T~.illtt ~llii=p Bf.J~/f'-t[U~ 
JJoT Pfi~*1¥$t~llio 

12. -tzo:txtU~* 8 PJT~l'l1t*ft:1J1t, iE'E1=r15 :.illtttEPJT~*1¥$t~llit~1AmJUm~ml'lf.J 
tlt~r, ttii1I£rPJT~*1¥~~lliBI.J ~lli1AffiJUm~~i=pl'l"J*~l0?JT~*~i=p ITT*~z.J§ 
~~~~lli~mm~m*~fi~~1%:~o 

13. -tzo:tx::fU~* 8 PJT~Bf.J1%:ft:1J1t,iE'E1=r15~rw¥t = 

ii ffifift i"F ~lli fAffi JU--'=5 ?Jr~~ i=p Bf.JH1ii ff$ xl/Fi~ ITT~ i=p Bf.J {fr~, Jt i=p m~ffi ;¥¥ft 
W~lli¾~TtEm~~l=fITTH~ff•x~~fiffi~,-~~~~1%:~W~~ITT~lli;~& 

iiffifi~lt ~lli 1AmJU*□~ITT*~ i=p 1:fr~, Jti=p PJT~ffifi~lt ~lli¾~ T 1W lttEPJT~ 
*~l=fITTH~ff$x~~fiffi~,-~~~~1*~W~ffiITT~lli 0 

14. -tzo:tx::fU~* 13 m~l'lf.Jt*ft:1J~:t, Jti=p, 
?JT~ffififti"F~lli¾t~Jfil~lli, ~lz 
f}T~fffief¥~lt~lli¾~$jl~fuo 
15. ~t~:¥~1*B14, 'E1t15 : 

2 
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~=rt$ ,t. ff 1it ~ l'r-J ff 1* ff$ 5t Pl YU ; 
~ ff 1A m ~ft*, fl~Jfc~:'i: nx:i~ ffi ti ~ff 1A m JU~ q:i 13{] "¥ ~, i~ iffi. ct ~ff 1A m JU*~ q:i E[{j 

"¥ ~ l2J & i~ * 1¥ ~ ~ff 1A m JU rJt, Jt q:i ?fr i£ffl ti~ ff ~ r ?fri£iffi.tt ~ff, ?fr i£jffi_ ct ~ lli ~ 
r?fri£*1-'¥~~ff; l2J& 

~~~~.~re:'i:M~~mi£~ffmm~~~fflmi£ffl~~lli,mi£iffi.tt~ff~mi£ 
*W~~fffrffl~•~q:i~*~mm~~q:il'r-J"¥~,*~q:il'r-J"¥~~m.t2J&~~frffi~ 
~iiE•1tz iw, i~1i£rPfri£*1-'¥~~ffs{] ~Et: 1AmJUPfri£~ q:i 1'1{]"¥~lomi£*~q:i 1'1{]"¥~ 
::FF liiEi~mi£*f¥~~ff 1AmfUmi£rlt 0 

16. tz~rtJU¥U~* 15 Pfri£1'1{]-='¥-~1tff1tf:, Jtq:i, Pfri£~ff1Am~fti~=rt: 
~ff~Mff,~re:'i:M~m-=rmi£~~~~1'r-J~~*~W~Mmi£ffl~~ff,mi£iffi. 

tt~fflomi£*1-'¥~~ff; l2J& 
1T il p~ ff, ~ re:'i:Mi~ mi£ ~ ff a~ ff l'I{] ~ff 1A ~ JU ?fri£~ q:i l'I{] "¥ ~, ?fr i£ *~ q:i E[{] 

"¥~lOJ5fri£rlto 
11. tzo~J.:fU~* 16 mi£1'1{]¥~1*ff1tf:, iE~=rt: 
J;f ~lrf:lfftlL ~tt$,t. J;f ~lrf:lff, li~re:'i:Mfr?fri£NitU ~~B{]NitfFi~ffifii"fl=iJ ~ 

lli~ffifi~Jt~ff 1AmJVAPfri£ff1it~q:i~tl::\ B1ff1*~' Jtq:i Pfri£ffifii"FPT ~ff£A T fr 
mi£~q=il'r-JffMff$5t~~fiffl~•~,ffl~•~~~~•~wmml'r-J~ff.mi£ffi~~ 
Jt~ff£AT~ll:fr*~q=il'r-JffMff$5t~~fiffi~-~,ffi~-~~~~-~wm~l'r-J 
~lli; 

YU~1'fff, fBlre:'i:nx:~1fmi£J;f ~19lff ; l;J& 
~A I ~ti::\ ~fti, fBlre:'i:Mi~~~1'½:iEJUmi£YU~1fff 0 
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[ 0001] t§ ~ $ i1! 81 Y:x 5 lffl 
[0002J *$i1!~* 20114 4 J§ 26 B:r.&i:as$i1!%7'J 10-2011-0038987 B1ff~~~Ll$i1! 
ITT tt5t: :fR, * $ i1! .i]H15 I ffl 'El, =ri!ii~ $ i1! 81 ~ $ pq 'if o 

tl#:~91±~ 
[0003J ~1Ytl'l'~~JJfil1Ytlw &-1rti¥~f;tff1tt:&Jt~1t1i1t., ~Af*rm l§, w &ffif_fH~ftJ:P 
E11~1¥:$t (detrap) 1i1to 

::ll::.~-1,±--,1,!­
~ ~ '.f.X./1'-

[ 0004 J ¥ ~ f;tff {tf: 'el, ti5 J=§ -=f<ff 1* ~ ffl as$~ ff {ii ff.XO 7'J T tE ff 1* ff. X J:P ff 1*~ 
ffl ' 1A 1T ffi ;f-'H~ 111=: 0 tE ffi f_!Hjdt J:P , - ® ~ -=f-*N 1¥ =$t fr tf ;E 81 m J:P ' B. ~ f¥ :$t ITT ~ -=f-1m{JJfr; ~ 
~fffflff.xITT~~tto ~~~~001*m~~#~-=f-W:$t~•o 
[0005J 00 1 ¾~ t±:11t~~ffif-'Hi1t ITT1ftiEITTff1iiff.xITTiltffiOO o 
[ooo6J -tzo oo 1 fifr~, ff1iiff•x'el,=ri!iJ1JmFf m~fr¥~1*t<t~ 11 z_t1'11r~mt{g~m 13, ~ 
wf¥:$tm 14, ~*~m 15 ~&~tLlfflH,& 160 m 12 %JJx;frff1iiff•xrJ311J!~_tl'l1¥~f:tt<t~ 
11 J:P O m 12 %JJx;fr¥~1**1 Jt£ 11 pq fiJr%JJx;l'l1mpq, lirimt{g~m 13 :fomti.utms0-:1:ih1t 
~o ~w1¥=$tm 14 miilift1¥:'i:1ffitRo ~mLliffit,& 16 ~*~ WL ~~o ~ii!!t{g~m 13 El3¥t 
1,t tm m % MO ~ w f¥ :$tm 14 :fo ~ tuiffi t& 16 El3 ~ ~m c 1Ytl-tzo $ irs am ) % MO ~*mt m 15 
A~'el,=ri!i~ ~1rmtm c ~¥t1,r.1mm) ,fflAttmm ~&¥t1,r.1mm81m~m;t2;1 ° 

[0007] 3ffif_!fi''Fl=iJ~lli ( {Jtl-tzo 0V) *ffe1j¾~ium:fo{fl~a1, .illrlfPJ*~ WL {j¾~ffifj~ffi 
*~fiff~ff-xITTffi~~~o 3~ffi~~lli~~~~*~na-t,mJ:PITT-~~-=f-.illrl 
Fowler-Nordheim(FN) !Si~~:£EB~if1!t{g~m 13 fPJ ~w1¥:$tm 14 f$Z91o iiffifiB1ff{iiff. 
x*ffl~wW:$tml4J:PW:$tITT~-=f-ITT;rmA~~~ITT~ffi~llio 3~5EITTfffflff.xITT 
~ffi~lli~~§~~~a1,m~fffflff•xm@~~ffi~ITT-x 0 3fffflff.xITT~ffi~ 
lli*~§~~~a1,m~fffflff•xm@~*ffi~ITT(~-~ITT)•x 0 

[0008] .illrl [P] ~ff{iiff•x~1~ITT'¥~ WL {j¾~it~ ~lli*1A1Tff1iiff.5t81it~t* 
~oPT~*fflfffflff.xITT~ffi~lli~~~¾*~~~~lli*~JEfffflff.xITT~~o 
[ 0009 J -tzo _tfifr~, .ill rl ff {ii ff. x ITT I~ ffi ~ lli * t1Jll 5E ff 1* ff. x 1'11 ~ffl , ii.ill rl tE ~ w 
W:$tml4J:PW:$tITT~-=f-~§(~A~*~'~ffi~ITT~-=f-ITT~§)*~;Eff~ff-xITT~ 
ffi~fuo 
[ 0010 J f{tt rm, frffi fj 1*1t J:P , -® ~ -=f- pJ f:JIHN f¥ :$t fr p~ ii]!t{g~m 13 J:P rm~~ ittA ~ w 1¥ 
:$tm14offfflff.xITT~ffi~llil=iJ~.illrlW:$tfr~m~~m13J:PITT~-=f-rm~~oA~rm 
l§, Mffrffifi,.Pi:fOit~t*ftii1t~1A1f, ~ii!!t{g~m 13 as ~tf-t~.ii¥±'7~1,to !Elrm, rim 
~~ml3J:PW:$tITT~-=f-~§PT~*ffl¥~~ff#ITT~~~~ITTm~rmm~o 
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[0011 J tli1715 ~ fJu tt '!);; mfX 1Yu, frfffiaf_!H* ft J:P , ffiti ~llilO * 1¥ ~ ~ 1±5J'-111J IAJ S11& 1Am ilJ-'¥ 
~lom, 1s£*1¥~~llittffifi~lli1Am~-tf:0qa1rs:10 !Elrm, frr~il!t~~mJ:P1¥~01~-=t-PT 
l?J fr¾ffis fit* ft J:P 1& * pi 0 
[ 0012J tli 1715 :zls: 1t ~ ~~"' 1J 00 , ~1A ~# ¥ ~ f*ff 14 0{] :t*1t 1Jl!, 'EL =r! : im. :cti~Hi ti ~lli 1A 
m flj ff 1* ff. 5t 6{] N miJfflHJklO ii *1¥ ~ ~lli 1Am flj fr-'F-~ 1**1 mi pg% M 6{] m*xt ?JT~ ff 
fflB.5tfilfiffi~;l?J&~FPfrMffi~ITTfffflff.5tfilfi~~Z$,im.:i1~*rm~*W 
~ ~1± 0{] ~ 1± 1Am ium~N miJfflHR-ft _§jEii m~ *1¥~ ~1± 1Am JIJ?fi~ m, * * P~1¥ ~fr 
m~fffflff.xITT~il!~~mJ:PITT~-=fo 
[ 001 3 J tli ffl * 1t ~ ~ ~ 1J 00 0{] ¥ ~ f*ff 14 0{] :t* ft 1Jl!'E1 =r! : im. :ct ii ffi ti ~lli 1ft m f iJ JZ1 J:P 
61-'¥~,iiim.tt~lli (pass voltage) 1AmfLl*JZ1J:P 0{]-'¥~Jfoii*1¥~~lli 1AmfLlm*xtJZ1 
J:PITTfffflff.5tfilfiffi~,*J:Pm~ffi~~1±~-=rm~mtt~1±Hm~im.:ct~1±~-=rm~ 
*1¥~ ~1± ; L?J&, ~FPfr1Aif m~ff1itff•x01~i1H*1tz $, ii1t£ -=r m~*1¥~ ~1±01 
~lli1AmflJ?JT~JZ1J:P6{]-'¥~JfOpfi~*JZ1J:PEl1-'¥~-ftHffii?fi~*1¥~~lli1AffiflJm~mo 
[ 0014 J tli 1715 * 1t ~ X. ~ 7J 00 6{] ¥ ~ 1*ff14'E1 t15 : 'EL =rt$~ ff {it J?R: 6{] ff {it ff. 5t p$ :?IJ ; ~ 
lli 1ftm ~IEi, *tl!gcii=Miiffiti ~lli 1Affi flJJZ1 J:P 0{]-'¥~, iiim.tt ~lli 1AmflJ *JZ1 J:P 0{]-'¥~ l?J 
& ii* 1¥ ~ ~ 1± 1ft m iu m, * J:P m~ffi ti ~1± ~ -=r m~im.tt ~1±, ?fi~im.tt ~1± ~ -=r ?fi~ 
*1¥~~1±; l?J&NmiJ~IEi, *treii=MNmiJ?JT~~lli1Am~IEi1t1~?JT~ffili~lli,m~im.tt 
~ 1± lo ?fi ~ * 1¥ ~ ~ 1± fr ffl ti :t* 1t J:P 1& * 11111A m iu JZ1 J:P 0{]-'¥ ~ , * JZ1 J:P 0{]-'¥ ~ lo m, L?J & 
~mFPfrffif-'f~iiE1*1tz $, ii1t£ Tffl~*1¥~ ~lli ITT ~lli 1ftmf1Jm~JZ1 J:P 6{]-'¥~JfOp)T~* 
JZ1J:PEJ{]-'¥~, -ft HiEiim~*1¥~~lli1AmfLlma 

~11~ijlP}=l 

[0015J oo 1 £~!±!1t~~ffiti:t*1tsqt~u£s{]ff1*ff•5t0{]l½OOOO; 
[0016J 00 2 ¾~l:±:!~1715*Jt~0{]~1rftffiti1J~ITT¥~1*ff140{]filOO; 
[oonJ 00 3 ¾~ l±!tli1715*1t ~ ITT~frftffiti1Jl!ITTS1 Ff 00 ; l?J& 
[ 0018] 00 4A JfO 4B ¾~ I±! $Ii 1715 * 1t S}J 6{] ~frp ffi ti 7JY! 61 t~ uE 61 ff 1*ff • 7G as i½ 00 00 0 

Jl.1*~Mf?.15~ 
[ 0019 J r 00 ii~ Jffl !Yft 00 W ~ te1i ~:zls: 1t ~ 0q ~®~{JU tt '!);; MfX {JU o ~1A !Yft 00 ¾7'1 T 1t* ®I~ 
~im.tt*A~~~*Jt~'!);;mfX~ITTffimo 
[0020J 00 2 £~ l±!tli1715*1t~ ITTffiti1J1!0{]¥~1*ff146{]fil00 o 

[0021] ~Jt!,00 2,¥~1*ff14'E1t15 :ff1*ff.5tp$:3JIJ 110 ;~IEitll (130,140,150,160,170 
JfO 180), J=§ Tfrff1itff•xf4:371J 110 ?JT'E1t156{]ff1itff•5t-tJAifffiti, it~~~P*1*1t ; l?J 
&NmiJ ~IE* 120, J=§ rNmiJ ~IEitll (130,140,150,160,170 JfO 180) l?Jtli1715~A~1715*i&ii=ff 
{itff• 5t61 l~{l ~lli o 

[0022] fJU-tzO, fr NAND t1~1Alff1*ff14J:P, ~IEitll l=iJ l?J 'E1t15~lli:'±.JJ½ff 130, ;ffi~tiijff 140, Jn 
~f9lfftll 150,3'IJJZ1tfff 160,I/O( ~A/~!±!) ~IEi 170 JfOim.tt I ~JJ& (pass/fail)~~ 

~IEi 1800 
[0023J ff1itiff.5tp$:3JIJ 110 'E1t15$~ff1itJ?R:o aOO 2 J:P~l±! Tff1it±*J:PBs~~o ff1it±* 
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'E1t15~~f/.1,HlfUm Well 6"1$-1-* ST o ~®* ST iNt!'ttE~iE,m,*, ~.u:~* ST iNt§tJE~flF~ * o * ST A~t§ ~ s"1Mt2g o 

[0024J ~-1-* sT 'EL:tt :f/l1~iu0~1~~~ csL s"J~tR~~im1*'g ssT ;$-t-W1it:tt•x 
FO ~ Fn ; ~&m~fU1*~ BLe ;flJ Blo B"J$fR~~s1{*'g DSL 1JF~ * i:p ?/r'E1t15B"JW1itfff. 
x~~~~~-5t,@¾~~-5tA~~'E1ffltE*STi:pITT~~W~ff-xffl~ITTM~o~ 
t&~~im{*'g SST B"Jffltt&t~~fLl~fR~~~ SSL, W1itfff-'¥L5tFO ~ Fn B"Jffltt:&m~JU:3--1-"¥ 
~ WLO ~ WLn, $fR~tf im{*'g DST B"JffltTRf~~fLl$,t&~~~ DSL * ST m~fLlt§~!'rq{IL 
~ BLe ;flJ BLo :ff lim~JU0~~t&~ CSLo 
[0025J NmU~fti 120 llfnJ@rtP¼1t% cMo rmtEP>Ji'flEt.pj(;ffit¥•1t1t% PGM, it!fx•1t1t% 
READ E!xJ~~t*1t1t% ERASE, :ff liiE*11lH~1t~ru±pj(;ffl-yNmLl]Jt~lrrfftli 150 s"J]J[flll9'1 
ffB"J]Jt~lrpff{t % PB SIGNALS a A1**iR, tEffif-'Hi1t i:p, NmLl ~ft% 120 ?J'Jjlj ~a1 !PJ "¥~:tlJ 
m~mffi~~ffi~*~~~ffi,~¾*~~~ffi~ffi~~ffi~m£*ITTll1~ 0 ~m,1PJm~ 
m*~~~ffi~ffi~~~~tt~~IfxtEW~ff-xITT~~~~~i:p~~ITT~~ 0 

[0026J 11t>1~, NmU ~ft* 120 11[n)mrti11:t1t1t% Aoo F±1-r:ti11:t1t1t% RAoo toyUti11:t1t1t% 
CADDo tEffif¥mtt*1t®iiEt*1ta1, NmLl ~~ 120 J'.Ell[njf\\1 r El3ill:i1 / ~Y&tfrlf ~~ 180 F± 

s"J ttL 1f 1t % cs *ti 1f W1i1 ff-'¥L 5t s"J 1~ m ~ffi ¾~fr ~ JU § tJF ~ f, # 1Ll WT¾~~ ~tA1-r 
ffi~-~mt•~-~~&*ffltfr1fM**~Wrffi~-~mtffi~-~£~pj(;if£~Y&o 
[0027] ~ffi1Am~~ (130,140) llfnJfilZrNmLl~~ 120 B"11t% PGM, ERASL READ to RADO 
*~W~ff-5tITTffi~-~'~Ifx-~mt•~-~mfflITT~ffi~m~W~~ITT$t&~~~ 
DSL,-'¥~ WLO ~ WLn,~tR~tf~ SSL ~&mo ~ffi1Am~~'E1t15~ffi±Mff 130 ;flJ:,jifil~ 
ff 1400 

[002sJ ~ffi±nx;:tt 130 llfnJ@rNmU ~ft* 120 s"Jt!!Ht1t % PGM, READ to ERASE c £A1** 
iR,P>JW$¼~%>*~fflrffi~,~Ifxmtffi~W~ff-xITT•~~ffi~ili~~~~ 0 §~ 
W1itfff.5t:ilH-rffif¥a1, ~ffi±pj(;ff 130 !PJ~fiU~1Amfflrffif¥aq•{t~ffi ( 1ftl-tio Vpgm, 
Vpass, Vread mt Vdet) a Vpgm t!'tffifj~ffi, Vpass t!'till:i1~ffi, Vread t!'tillfx~ffirm Vdet t!'t 
*1¥~~llio 
[0029J 1-rifil~ff 140 llfnJ@rNmU~ft* 120 s"J1-r:ti11:t1t1t% RAoo ii~ffi±Mff 130 s"J•1t 
~ffi 14J:±5~mtPff1itf~B"J~$~ DSL, SSL ~& WL [n :O] o 
[0030J ]J[~lrrfftli 150 tfriY!UW1itff•xs"Jffif¥~~mtffiri~~o Jf~lrrfftli 150 'E1t15l~ 
~fU1fr~ BLe ;fO BLo B"JJf~lrpff, 3fllfnJ@rNmLl~ft% 120 B"J]Jt~l9'1ff1t% PB SIGNALS *IP] 
{fr~ BLe ;fO BLo 1Amfrff{i:~ff-5t FO ~ Fn l=Fff{iti~ffl?Jr~ITT~llio 
[0031] £A1*rm §, frfffitff•x FO ~ Fn B"Jffif¥.{t,ffiri•1tmtitlfx•{ti:p, Jf~lrp 
fftli 150 t~JE~{fr~ BLe ;flJ BLo mtwt~iff}{>f@rt~ffl{fr~ BLe to BLo B"J~ffi~~}JrmtfriY!UfU 
ITTfffitfff-'¥L5t FO ~ Fn B"J l~m ~ffiB"J~ffl o £A1*rm §, tEfffiifi-11=: i:p, Jf ~lrrfftli 150 t~ 
ffltJJiWB"J~ffliiffififtiCf ~ffi C1¥tl1zo, ~t-fu ~ffi) mtffif-'f~Jt ~ffi ( {ftl-tio, Vee) 1AmfU1fr~ 
BLe E!X BLoo tEillfxt*{ti:p, Jf~lrrfftli 150 t~fflff{itftEff{itfff-'¥L5t FO ~ Fn B"J~ffl*NmLl 
1fr~ BLe ~ BLo B"J~ffi, #tfriY!Ufffitfff-'¥L5t FO ~ Fn i:pfffitfB"J~fflo Jltjr~, ]J[~lrpfftli 150 

tEffiri•1tB"J-&!JA~fr'BtiiffiriftiCf ~ffi ( flJU!lO, Vee) 1Amf1H*~ BLe ;flJ BLo, #iiffififtiCf 
~ffi C {¥tl-tio, ~tfil ~ffi) 1AffiiLl~tEffif¥t*1t l=PT~fflffiri®iiEM* rmiffeffip;'ts"J * ST f~~B"J 
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{fr~ BLe ;flJ BLo o 
[0032J JUnttt:ff 160 llfnJB-=fNmLl ~Ji!* 120 ss Ju:1:-m:1:1tft % cADD *nttt Jn:ijf,rr:ffi@. 150 1'11 
Jn~lrr:ffo tEilltlJU:izt1t:ff 160 nt=tfl'l1Jn~lrr:ff'Pi§1Zf:1'11~3riHSt$tul±I o J1:t>1r, JLlnttf:ff 160 
i'.£ EB JU~ CL * L&J.AJn ~ 1'9'1 :ff £Ji 150 $tu l±I BS~ ffi Jt ii JiJrj£~ffi 1t~ fLl illtt / ~JJ&tft ft ~IE% 
1800 
[oo33J t'Effit'H~ft'P, uo ~Ji!* 110 tENmU~1ei 120 l'l1NmLlz rii!7Hfl3~ffi DATA 1t~iu 
JLlnttf:ff 160, l;J,ii~ffi DATA $tuAfLlJn~lrr:ff£Ji 150 El1Jn~l9'1:ffco :':1§JLlnt1f:ff 160 ii~ffi 
DATA JlfiTiff:1:-tE{t~~Jn~lrr:ffi'.Ji 150 El1Jn~lrr:ffa1, Jn~lrr:ffii~ffi DATA Zf:1*tEi§1Zf::ffc'P 0 
Jrt!lr, tEitIOC=tJMt'P, I/0 ~Ji!% 170 i'.£EBJLlnt1f:ff 160 iiJ.AJn~lrr:ffi'.Ji 150 El1Jn~l9'1:ff*L& 
ITT~ffi DATA $tul±lfLl>1HflL 
[oo34J tEfffiflfi~1t~~~=t*1tzJ§;J'Jl.tf 1'11#iriiE=t*1t1JHsJ, illtt / ~JJ&tftft ~~ 180 tftft 
¾~l±\:fJHt~•x, Jtl;J,r@:1f1t% PFC BS%:it$tul±l@iiE~1i:B1m~o imtt / ~Jl&tftft~if% 
180 ~xttt~•xss~ § ;r£tfit~, Jtl;J, it~1t% cs l'l1%.rt:$tul±lxttt~•x;r£1iit~l'l1m 
~o 

[0035] tEffi fi#ftiiH*1t 'P, N mLl ~Ji!% 120 N mLltE Zf:{it:ff• 5G 61 ffi fi~1t 'P 1Am fLl '¥ f'.:l 61 
ffifj ~&EIS~ ~JFNmLl ~lli1R±:ffc 130 ~1-tr~=iJ l;J,nttf·r:1:1:ih.ii#iriiE ~lli 1AmfLl'¥~ 0 t[~® 

~»ffi{JU'P, NmLl~Ji!% 120 pJl;J,~ffiilltt / ~JJ&tftft~~ 180 E!Stftft{t% cs *NmLl~&±P½ 
:ff 130 0 
[ oo36J l;J, r ti j£ 1f ffi _tj£ ¥-~ 1*:ff 1~ l'ls Zf:1i1 :ff• 5G l'ls ffi fi:1J1t o 
[ 0031J 00 3 :ti':?J~ l±I t~ ffi * 1R ~ BS~ 1rr ffi fi ::fJtt BS S1 ff 00 ° 
[oo3sJ l;J, r ~~ oo 3 to oo 2 *:fij£fffiHfi:1J~~ o 
[0039J 1 ffii:f'fHltffeg 
[0040J :':1§ffifia1 g9:3f:Mia1, tEffifift. i"F ~lli ( wu~o, **ti! ~lli) B££1AmfLlnt'P BS1fr~ 
liffifi~lt~lli ( wu~o, Vee) Bi'.£1AmfLl*nt 'P1fr~BS~~r, ffifi ~EE Vpgm,illtt ~lli 
Vpass l;J,R, *1¥~ ~lli Vdet '.B-11Ll jA]S1{AmfLlnt'P BS'¥~ Sel WL C ~A1*rm i§, '¥~ WLO ~ 
WLn 'PBS {3:;w:~,t-) , *nt 'P El~'¥~ Unse l_WL ( ~A1*rm i§, P* T nt 'P '¥~ l;J,>1r EISJU~'¥~) 
l;J, R. fm: ( 00 4A BS fm: ) o 
[0041 J ffifj ~lli Vpgm ¾ffi-=fxtnt'P E!Sff{it:ff•x;r£1jffifjsq ~lli, illtl~& Vpass ¾ffi 
-=ftE$ ST 'P~nxJtJmBS ~lli, rm *1¥~ ~EE Vdet ¾ffi-=f*P*tEnt'P E!Sff{it:ff•xsspi T 
~w1¥~~ C wu~o, 1¥:'i=fflH~) l;J,>1rl'ls!R:!Ei'P1¥~1'ls ~ ~BS ~1± 0 tEffifiS1m:'P, *f-3¥~~ 
lli Vdet -'=ixtnt'P'¥~ Sel WL 1AmB1ffifi~lli Vpgm jA]S1:l:ih.1AffifLlfm: Well, 1f1~tEMIJ§BS* 
W~S1g9:~~W~ss~~l=iJl;J,~~~~*~'rm~¾tEffi~S1m:~*~W~ss~~ 0 ~A 
~ ,t-[1/J ltffi ti~:{[ $.tBl tEffi ti S1 m: ~ 1A ffi fLl fm: We 11 61 * {¥~ ~ 1± v de t ~ f,t EIS wtl ~, ffi fi ~ 
fr Vpgm 7f1Jillti~lli Vpass l=iJl;},ft~*{¥~~1± Vdeto 
[0042] A1**W,, AT£1U~1¥~tEff{it:ff•xEIS ~w{¥~~'P 61~~' rm~¾nt=tf-r:1:1:ih. 
*~t'Effifi=t*1t'PtEPiT ~w{¥~~ l;J,!lrBSIR:!Ei C ~Af*rm /§, p~igi'.{g~~) 'P1¥~E!S~ 
~' *1¥~~1± Vdet JJ_~{!£-=filltt~lli Vpass BSIE~llio {JU~IJ, *{¥~~& Vdet !=iJl;J,¾ 
0. 1 V ~ 0. 5Vo tE~'i"{JLl~'P, -'=j1Jt~»ffifJO*{¥~~lliS1Et~ffifi~lli Vpgm;flJilltl~lli Vpass 
1§ l:t, ffifj ~EE Vpgm ;flJilltl ~lli Vpass l'ls4ij:,t-PT l;J, ft~ 0. 1 V ~ 0. 5V o IE!rm, tEffifiS1 g9: 
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~ , Zf 1it ~. X fN ffi f¥ rm $9.: ~ ffi li~j( $ Bf.J ~y O ~A 1* rm /3 , ~ -=f *N 1¥ ~3ftE ff 1it~• X Bf.J ~ 
w1¥~m ( 00 lA Bf.J 104) ~, E~L!1tZf:1it~•:n:J~ffif_fL im:i1JJmJJOffif¥~lli Vpgm ;fPJllu~lli 
Vpass ~Zf:f*~•x, ~®~-=ft2AN1-¥~frfffit~•xBI.Jr~i:i~J'.'@~m ( 00 4A B"J 103) ~ 0 

[0043] lit3'r, fr 00 3 Bf.J ffif¥a10t pg, 3 ~i* 1¥~ ~lli Vdet 1AffifU m Well a1' ffif¥ ~lli 
Vpgm ;fPJllu~lli Vpass 71'Jjlj fAJ a1*N1AffifU~ ~ Bf.J"¥-~ Sel_WL ;fP*~~ Bf.J"¥-~ Unsel_WL 
~rm, fr*1¥~~lli Vdet B~£1AffifUm Well sq~~~, 7:tJjtJ1Affiffifi~lli Vpgm ;fPJlltt~ 
lli Vpass fU~~ Bf.J"¥-~ Sel_WL ;fP*~ ~ Bf.J"¥-~ Unsel_WL Bf.J::1fi$:PI ~t~1riSffif¥1f1$:rm ~* 
#::1frt?Ki;3l:~o 1JU!ZP, :':13*1¥~~& Vdet *~1AffifUm Well a1, imtt ~lli Vpass PI~ rAJ a11A 
ffifLl~~B"J"¥-~ Sel_WL lP*~~B"J"¥-~ Unsel_WL, ~JJIJ§~~Bf.J"¥-~ Sel_WL B"J~lliPI~:1:1 
JJofUffifi~lli Vpgmo 
[ 0044 J 2 42 i¥ =1tHM: ffl: 
[0045] :':13*1¥~a10ttEffifia10tZ.J§Jftz~a1, ffifi~lli Vpgm :fPimn~lli Vpass :::f¥}7:tJjlj 
*NJJmJJOfU"¥-~ Sel_WL ;¥0"¥-~ Unsel_WL, fB£*1¥~~lli Vdet fil~JJmJJOfUm WelL ~A1* 
rm /3, !Z0~*1¥~ ~fu Vdet fr"¥~ Sel_WL ;fP"¥-~ Unsel_WL BI.JJifr~ ~lli~1v11£r*1¥~ ~ 
lli Vdet Bf.J~~r~~inlliJJOfUm, frff1it~•xs"Jr~i:/1!&'.{g~m 103 ~1¥~BI.J~-=f~7f-ffittA 
m Well ( ~A1*rm l§, ¥-~1*i<1 JE£ 101) ~ a !Elrm, tE5IAfUZf:1it~•x~ sq ~-=f ~ l'lf.J*~1¥ 
~fr~i:11!&:{g~m 103 ~ s"J ~ -=t-PI ~*N~:rftt±-&*Pi O ~rm, iN1¥~frZf:1*~•xas ~w1¥ 
~m 104 ~Bf.J~-=f PI~15iU'if:::f~, IEl1v*1¥~~lli Vdet A~wu-tzo 0. lV ~ 0. 5V Bf.J1f£~llio 
[ 0046] fr* 1¥ ~ a10t te 3Rj§, m B"J ~ lli pi 11£ fU ~ :1:-fu ~lli, _§j'JVff ~ ~ sq Zf:1it ~. X I'll.]~ 

iiH~1t C ~A1*rm l§ , ~iiEa10t ) o 
[ 0041J ~ * ~ JJm wtl Bf.J ffi fi 1f 1$: :::f fAJ , fr~ 1A ffi ti ~ lli v P gm a1 , PI ~ :::f 1A ffi * 1¥ ~ ~ lli 
Vdet ~m Well, rm£ PI ~frfflfi~lli Vpgm 1, lt1Affia11Affi o fri!~'Wtl-=f ~, 1A1rffif¥1#ldt 
m+t~Bf.Ja1fsJ:l:IJJOo 1vlit,-tzo00 3 m~,*1¥~~& Vdet ~ffifi~lli Vpgm rAJS11Affi,fBJE 
*1¥~~& Vdet !::tffifi~lli Vpgm 1Affi ~ Kaqa-tfsJ o fri!~~nlli1JU~, PI ~fr~t11B"Ja1fsJ 
pg 1A1r*1¥~1%:1t o 
[004sJ oo 4A ;¥0 4B £ffl ri£sJH~1riS*tzsA s1.JJiJrJ£ffif¥1f1ts1.J~f~s1.JZf:1it~•xs1.J;tjttitoo 
00 0 

[0049] fr00 4A ~~tl:\ T NAND Zf:1it~•xs"J£*~rigo NAND Zf:1it~•x§:f:j§JIID1ffmfi:fr 
%pjZm Well ~Bf.J¥-~1*i<1JE£ 101 z_tsq~i:/1!&'.'@~m 103, ~w1¥~m 104, ~JtJ9lm 105 ~ 
&Nmtiffl!H& 106a ~ 102 C ~A1**i£, ~t&lP¥MJl&) %pjZfrZf:1it~•xrJ31!J!LtBI.J¥-~1*H 
}f£lQl~o 

[0050J r~i:/1!&:{g~m 103 PI~ El3i-U,t4mm%Ma ~w1¥~m 104 :fPNmtiffl!Hlk 106 PI~ 1±1~ 
~m%pjZ C wu-tzo, $s1lim) o ~1t--J9lm 105 PI~El3 ~ ~1t--J9lm%pjZ, Elx:Wl±l§t15~1,t4mm, 
ffl.1,twm:fo~f,t4mmBI.Jmfi:~ti0%)Jxo ~w1¥~m 104 teANft1ti¥:'i=~tlka Nitui:BJ}t& 106 
lilt~ fU "¥-~ WL JU~ i:11! &'.'@~m 1 o 3 1'11.J ~ ~ 5t ~ m we 11 t§ 4~ o fr 00 3 1'11.J ffi fi a1 t9: ~ , :':13 ~i ffi 
fi~lli Vpgm 1AffifU~~Bf.J"¥-~ Sel WL a,t, m Well ~§t15BI.J~-=f~Bf.J~®jjl;i1 FN ~~~rm 
r~~ttr~i:/1!&:{g~m 103, ~J§r~~~-=t-*N1¥~fr~w1¥~m 104 ~ a fri!~wu-=r-~, ~®~ 
-=r-1-1t~11s~i:/1!&:{g~m 103 ;f$MfU ~w1¥~m 104, rm~1¥~frr~~&:{g~m 103 ~ 0 

[0051] ~ Jt!.00 4B ;fP00 3, fr*1¥~a10t~, Jifr~Bf.J"¥-~ Sel_WL ;fP Unsel_WL B"J ~fu~/J, 
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r*1¥~~lli Vdet, Ji1¥~~lli Vdet ~fi1A~iLlm WelL !E]Jlt, tE~im&'.{g~m 103 l=f1¥~ 
ITT ~ -=f- PT ~ :Q11f ttf:-fu ~ 3f rm :it!: A~~ 1*f1 ~ 101 o £ A 1;,t * iR, tE * 1¥ ~pf)-~, tE I¥ :i= tJJH tJ.z 
104 i=p 1¥ ~ B'-1 ~ -=f-1~H~f /f ~, tE ~ m &'.{g ~ m 10 3 i=p 1¥ ~ B'-1 ~ -=f- PT ~ :Q1 tf ttf:-fu ~ 3T rm :it!: A~ 
~1**1~ 1010 

[0052] tE*:&:~ i=p, ~~ NAND H1itff.5t11=:~7F1!7Ll:itt1T=1tiJ£0 ~rm, _tj£a{]1A~*1¥~~ 
ff Vdet B'-Ji,,mjf_lff:~11:fil PT ~@J=§ r;lt1m~1itff•Jt~tiJ, fJLl~o SONOS ~fig a IE!rm, tE~f_!H* 
11: ZJ§ ITT~ fj ~iiEt*1t ~ i~l!Xi* 11: i=p , PT ~ ~ r fJLl ~o 1¥ ~ tE ~ w 1¥~m 104 i=p !fl ~ -=f-* iIJll 
~H~ff-~¾~~~~o IE!rm,~~~ff#PT~£~PT8o 
[0053J ~o_tpfi;£, tE~fit*1tl=f, ~~t,,mjf-i~ff:fO *1¥~ ~lli7tJ1Ll ~a11A~iLl:Q1 i=p 1'11.J'=f-~ 
:fo m, rm* f-¥~ ~lli t:r.~:¥¥ ~ff fA~ £ * l'IJ.J a1rs:10 IE! rm, m ~tE~i1l a1 rs:1 i1q * Pi ~im~fg~m 
i=p 1¥~ BI.J ~ -=f- 0 Jlt:>7r' EB r* Pi T tE ~~m&'.{gt~m i=p 1¥~ 1'11.J ~ -=f-, ~fj' i~I!X:fO~~Hit*1tm ~ 
£~PT8o 
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15/220,375 2016.07.26 us 

(85)PCT00!ir-$ilmA00~~fl'¥iB 

2018.03.30 

(86)PCT00~;r-$ ils~ $ il~1,@ 
PCT/US2016/044336 2016.07.27 

(87)PCT00!ir-$ils~0:;(jj"~:I',@ 

W02017/058347 EN 2017.04.06 

(71 )$ilA. E3 3tf¥1ii'f0A] 
±1!!±.Lt ~Ill 1Jw:tlHift:mU+I 

(72)£!lJiA. E. riiftte:[ 

(54)£!l~~lfR 
~maA~~~~~fflmITT~•ITT*f~ 

1~ ffi i::p ITT $ ffl i91N0R IAJ Zf ffl Jm rs fl)s:{g $ 
(57H~~ 

( 10) $il0:;(jj""5 CN 108140415 A 

(43)$il0:;(jj"B 2018.06.08 

< 7 4) ~ ;t1J1-U-' *JU~ ~ tJ?: mt9Pit W Yffi * * Jifr 
11105 

{-\:J-'A. :J,jll/fij 

(51)Int.CI. 

G11C 16/04(2006.01) 

G11C 11/34(2006.01) 

G11C 16/06(2006.01) 

HO1L 29/792(2006.01) 

$ffltlzN0RfA] Zf ffl~l rs fl)s:{g ( TFT) *~Ju 
c "$fflt&NoR$~Ju" )~t£Ltx79--',ffi_!H%£ITT~TIIT l ,. 
f1l°M1$ITT71<.f~iMffi~,J:l:i::p'fff:~i::pITTTFTEB --··--··, 
ill*~-ffi~ITT-~~M~OO~~-ITT~~~ 
$'¥£~~tu c'El~~1~ffi~d>{11:t~am~+1:;~1ER 
tlz~ ~fFH&~ zJsJ % nJG ITT 1zg m: ~ 0 ~1~ ,m; ITT rFr i::p 
ITT~fflf¥.~EB~ma~-ffi~EBffl~~$'¥~ 
-~ITT~~fflm~~ITT~~Zf~~#-~o~~ 
r~N~ffl~-ffiITT-OO~MOO,'Et~~-ffim 
Ll·lJ'ld~~r-i"~M~N0R$ITTTFT o 

IPR2024-00793 Page 146



CN 108140415 A 1/5 91 

1. -frfiHfit~fatiJ, 'eHJS: 
A« lt:zfs: f ffi * 001¥1 ¥ ~ f;tft ~ : 
ftM~¥~~tt~l¥1*00L%M#H**ffi~~~1¥Jffi-*«Dw®ffi=*«Dw, 

A*,~*«BwfilmftM~~£$~~~fffiL-~~-ft~-~1¥1~$ZL#Hffi~ 
~*LffrrM~fffi*ffil¥1ffi-~~~*L~~~~~~l¥JM~~£$~«Dw,#H 
A*,~~«Dwfilm~•a~A~ffi=~~~~1¥Jffi=®ffi-¥~~mzoo1¥JA«ffi­
~~~~1¥Jffi-¥~~m: 

~w1¥~:rJ.t4: ~R 
$~~1*, ~~~•aJiJr~ffi-tt«1~wloJiJr~ffi=:t:t«DwzraJ, A* ,~'i"'~~w 

ttM~~wW~tt~~~*«Dw**·*Htl~*L¥~rM~fffi:Z'(OOl¥1ffi=~~L 
t)}.~fil{$o 

2 . ttHm t.>UfiJ ~ * 1 Jifr~ 1¥J Hf*~ fa ttJ , A* , Jifr~ffi- , ffi = 5f0 ffi - ¥ ~ f* m ~ i"'fil t!S 
$~iL 

3. ttz ffl txllJ ~ * 1 Jifr~ 1¥1 Hfit ~ fa tiJ , A* , Jifr~ffi-¥ ~ ~ m ¾P-1~ ~ $ ai li, # H 
~~~-~o~=~e~saN~~~~a~ r; 1 xe,» - /I' » - --t-" ,j-" v~ ;z;; Jel 1~ ff-:; 37 aa 1-1± o 

4. t!RffltxtlJ~*lJifr~l¥1Hfit~fatiJ ,A* ,Jifr~~f*fil15$~lio 
5. t!R ffl txtlJ ~ * 1 Jifr~ 1¥1 Hf*~~ tiJ , A* , Jifr~ ~ W fil tJS Wt~~$ ai li, p+t~ ~ $ ai 

tt,®ffl~r=•~aA«~~~~l¥1*m~~z-o 
6. ttzffltxt1J~*1Jifr~1¥J Hf*~fatiJ, A*, ~~~Dw~filtt ~ Jifr~ffi=¥~1*m=t~ 

~#H~M~ffi=¥~wm~*L~~~~l¥J~~mo 
7. t!RffltXTIJ~*1Jifr~l¥J Hfit~~tiJ, A*, Jifr~~ w1¥~:rJt4filtJS-fil~$ mm~ 

tto 
s. 1tzffl i-xtu~ *7 Jifr~l¥1 Hf* ~fa tiJ , A* , ~ mm ~a~• a• 1t.afil zraJ 0 

9. t!R tlis tXTIJ ~ * 1 Jifr~ 1¥1 Hf* ~fa tiJ , A* , xi T~'l'-~ W, § ;t§ x1 r Jifr~ffi = 5¥0:~ -
¥~~mz-~M~~w~~mttmkffi1¥J~ffi~.~M~~wffl~1¥J~ww~tt~~• 
~Mo 

1 o. ttz 11is i-x tu~* 1 JiJr~ a{] Hf*~ fa tiJ , A* , ~ ~ ~ 1*, ~~i!iJifr~ ~~a{] ~ w 1¥ ~ tJ 
t4, ~RJifr~ffi- ,ffi=loffi-¥~wm%MH·f*5Lftt= o 

11. t!RffltxllJ~*lOJifr~l¥1Hfit~fatiJ, A*, Jifr~Hfit5L1tf:filtJSHf*ai Wff, A* Jifr 
~~~ffl~M~H~~~ffl¥Jfflt&~~,#HM~ffi-,ffi=®ffi-¥~wm*~%MM 
~ Hfit ai w ff 13{] 1tJ m:, D t& lo iii t& izw~ o 

12 . t!R ffl i-xllJ ~ * 11 Jifr~ 1¥1 Hfit ~ fa ttJ , A* , Jifr~ ff fit ai ~ff* 1¥1 M ~ ~ £ $ 'i"'lfr Jifr 
~ffi-~~#tlk1:fro 

13. t!R ffl tX5flJ ~ * 12Jifr~ 1¥1 H{it ~ fatiJ , A* , Jifr~ f¥{it ai 1*ff * 1¥1 M ~~£$~¥-fr~ 
M~ffi-~~ffi~~~M~«Dwl¥JM~ru~~%Mo 

14 . t!R ffl i-xllJ ~ * 11 Jifr~ 1¥1 Hfit ~ fa ttJ , A* , ~~ « D w 1¥11¥ fit ai 1* ff~~ 0~D t& 
®~t&~~.~¾~~1¥~~~fff¥~M~~m:®~wz001¥J~wo 

15 . t!R :rlis tX llJ ~ * 11 Jifr~ 1¥1 ff {it~ fa tiJ , A * , ~~ff {it ai 1* ff A«~± f:~ 51.ii I~ f!i. ~ 
ffi 0 
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16 . tlH!is i-Xf1J ~ * 1 1 fifrJ£ ITT f¥fit ff~~ , A 9=1 , 4ij,t-~ 1* J=l=Ht fifrJ£ffi - ii ~WHW 9=1 ITT ff 
ffl~~ffz-ITTm~~~~mJ£ffi=*~Bw9=1ITTf¥ffl~~ffz-ITTm~~~o 

1 7. itHiisi-XflJ ~ * 10 fifrJ£ITT f¥fitff £a~, if filtrS: 
m~amJ£¥~~tt~ITT~ffl*®9=1~ALITT~~;~& 
-m~$m~~~~.4ij,t-~~~~m~frrmJ£~m*®ITTffi-~~g~,4ij,t-~ 

~~~ffimJ£~M~m~-,t-~$,f-f¥fflx#ITT~~o 
18. flztAsi'XllJ~*l 7 fiJrJ£s{J f¥fitff£a~, A q=i, fifrJ£ffi- ~~ ~2is:~1tr Ji1TJ£ffi-~ 

~o 

19 . i1z w i-xfIJ ~ * 11 fifrJ£ ITT f¥fit ff £a~ , A q=i , ffi-tll ~ ~ ~ t~ i&_'i'_ afiJrJ£ffi- to ffi = 
*~Bw~~L~-1=.i~ffi*®~*~frITTm9=1o 

20. itzffli-XllJ~*l 7 fifrJ£ITTf¥fitff£atlJ, A9=1, ffi=tll~~~~i&_'i'_ft ~fifrJ£¥~~tt 
~~mJ£ffi-~ffi=*~BffiITT4ij,f-zOOITT~ffl*®~*~frITTm9=1o 

21. itzffli-Xf1J~*11 fifrJ£ITTf¥fitffta~, A q=i, fiJrJ£1tfitxftf:4ij,t-1&?J\.Wci1c'¥:im:1:1t, A 
q=i , 71\. j!ljc ~ f~~:f:il!:f:1t ITT ff fit x 1tf= JlHtlfifrj£ffi-tll ~ ~ ~ ~ i$1~ , # _ft A q=i , 71\. j!ljc ~ itr~:lm:f:1t 
ITTf¥fflx#JlHttmJ£ffi=m~~~~~mo 

22. t~ffli-XflJ~*17 fifrJ£ITTf¥fitff£atlJ, A q=t, fifrj£~JEt@ffl~ffij!ljc_'i'_z-~ 1i~JEITT 
-,t-~$,t-f¥fflx#ftfflJE~OO~~m~4ij,t-f¥fflx#ffl*ITTffi=~ffi-¥~~filzOO 
ITT~ili~~,~wffimJ£ffi-¥~~filITT•~~3fflft~~~~fflJE~ffi9=1~JEITT-,t-, 
~IE ITT ffl k ~ ffi 1EZ~ tl ffl r ~ ~ z-: ffi fi, ffi fiW *IJ, i& Itttoffi~ fifrJ£ f¥fit 7uftf: ITT~ ffl o 

2 3 . t~ w i-x llJ ~ * 11 fiJrJ£ ITT f¥fit ff £a tJJ , A q=i . r~1tt ~ fffER ,e ~ ~q. fiJrJ£ ~ JEt 7J\. j]IJ ~ :t~ iu fiJr 
J£~~~&4ij,t-~BwITTffi-,ffi=~ffi-¥~~mq=iITT-,t-~$,t-o 

24. itzffli-xf1J~*23fifrJ£ITT f¥fitffta~. A q=i, f¥fita4ij,t-f¥fitx1tf: q=i ITT~ :wf-'¥-$ti-tf4 
q=t ITT~ w*jf-f¥fit'ftfifrj£f¥fit x{tf: q=t ITT ~ffl, A q=t , fifrj£~ JEtfiltrS ffl r:t~m~q.*EZJJffi:JJ0ft'fij 
,f-ff fit x 1tf= LITT$ ,t-~ ffi j!ljc_'i'_ ITT ~ ffi B , N, W ~fYt'ix1ffi fi ft~ , ffi fi W *IJ ft~ , -i& Itt~ffi~ 
ff fit frfifrJ£ ff fit 5t 1tf= q=i ITT ~ffl o 

25. itzffli-XflJ~*24?frJ£ITT fffitffta~, A q=t, fifrj£J~ffl*jf-f¥fit'ft'fij,f-fffitx1tf: LITT 
$r-1:trITT =**IJ11§ -~, o 

26. t~ffli-XflJ~*24JilrJ£ITT fffitff~a~, A q=i, fifrJ£~1fis*jf-t~1fLfffitff q=i ITT~iiITT ff 
{itiit~o 

2 7 . i1z ffl i-XflJ ~ * 24 fifrJ£ ITT ff fit ff £a~ , A q=i , fifrJ£ ~ !Et Jtt:-±15-fil trS ffl r ® ~JJ!tl ff fit a fifr 
J£fffflx#9=1ITT~fflITT-,t-~$,t-~rutt*ffo 

28. t~ffl i-XflJ ~ *24Ji1TJ£ITT ff fit ff ~a~ , A q=i , -1=.i 4ij'i~ ~B w ffl * ITT ff fit x 1tf=*&tllf,R~ 
-,t-~$,f-NOR$ o 

29. itzffli-XflJ~*24?frJ£ITT fffitffta~, A 9=1, tfr3ififrj£ffi-~~ 1=j fifrJ£~BwITT-{IJ!~ 
;t§*ITTfffitx1tf:*EZtllfR~ffi-NOR$, # HA9=1, tff3iJiJrj£ffi-~~ l::jfifrJ£~BffiITT 51-,f1J!tl 
;t§*ITT fffitx1tf:*EZtllf,R~ffi=NoR * 0 

30. itzffli-XflJ~*29,P)rj£ITTfffitff~~, A q=t, fr-i&ltt~ffir¥tfdt1JHaJ, {sZJq.1=jNOR$ ITT 
~:f:1tITTfffitx{tf:ffl*ITT ~~~~fr r%1i ~ -i~Itt~ffiri~ftJilriwf ITTfflJE ~ffi, 1=j fifrj£NOR $ ITT 
M~A~fffflx#ffl*ITT~~~~fr~rffi~ITTfffflx#ITT~ffi~ffiITT~ffio 
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~m~~m3£~1*~•~ITT~~ITT~~;f!J~o 
41.*Wtl(llJ~*40Jifr3£ITT15i1! ,A9=1 ,JiJrJ£m-,m=5¥om-¥~1*fil4i~filtrS$s1 

iL 
42. it~W;tx;fiJ~3K41Jifr3£ITT15i*, A 9=1, 4i'i""~~filITTm=5¥o* - ¥~1*FA 9=1 ITT-~!lX: 

M~~~N~~~A~mJ£m=~~$o 
43. *:rmi-XllJ~*40Jifr3£ITT15i*, A q:r, 4i~~~filITTm-¥~1*FzHi ~-=f-f±A~A~ 

JiJrJ£m-~~$o 
44. i'~W;tx;f1J~*43Jifr3£ITT15i*, A q:r, 1£1#-~~1~¥§-:j11}1~~¥§-JiJr~~¥~FA q:r ITT¥± 

AtmmL 
45. *:rmi-XllJ~*43Jifr3£8115i*, Aq:r, JiJr3£m~¥§-:tl5-1JlfiltrS'fR~mijtko 
46. * W i-XflJ ~ * 40 JiJr3£ 8115¥*, A q:r , Jifr3£ ~ 1* fil t!S ~ 1* ti* ITTN\~ s1 li!lX:P+ti ~ $ 

~fio 

4 7. * W i-XllJ ~ * 40 Jifr3£ ITT 151*, A q:r , t£1# JiJr3£ ~~ fil ~fil t!S1£1#~ JiJrJ£m = ¥ ~ 1* 
fil t~fu!i! 81 ~~FA o 

48. *Wi-x;fiJ~3K40Jifr3£ITT15m, Aq:t, Jifr3£~ w1¥~fJ~GJ.filt!S-fil!lX:$ filffl.1-tlio 
4 9 . i'~ W ;tx llJ ~ * 4 8 Jilr3£ ITT 15 i1! , A q:r , 4i fil ffl.1t li i9J''i'. ft fil t!S ~ 1-t li , ~ 1-t ffi !lX: ~ 1t 

li'rITTA1te.~1r~filzl'sJ o 
50 . * :rm ;txlu ~ * 40 JiJrJ£ ITT 151* , ~ fil t!St£1# * =rn. ~ ~ ;ffJ ~ , JiJrJ£m =t11 ~ ~ ;ffJ ~ fil 

t!S '=3 JiJr 3£ ~ 1* m: '21 ITT iff!i! ,~ , A q:r , Jifr3£ 00 ~ 1-t 5¥0 t!k~Ll Jifr3£ ;;~ ti 81 :tl5-1JI$ ~ Jilr 3£iff!i! ,~ , 1~ ft 3 
JiJr3£~1*%AASt~JJJlfLl~1*ITT~3$t~o 

51 . * :rm ;tX;flJ ~ * 40 Jifr3£ITT 15¥* , A q:r , Ji]r3£ ~ w1¥ ~fJ,*4tit£1# jg A~ - J¥ N, 11 ff 
3 xt Jifr3£ ~ 1* 5¥o * - , * = 5¥o m - ¥ ~ 1* fil iflli JJQ m tt ffi JE {i ITT ~ a: st* § JiJrJi:* - , * = 
~ffi-¥~1*filITT~-=f-~ttffl~-*•~~~~m~~~~mJi:~wW~MM9=1o 

5 2 . t~ :rm ;tx ;flj ~ * 4 o Ji)r Ji: ITT 15 ¥* , A q:i , Ji)r Ji:~ w 1¥ ~ f,! *1l- tit£ 1# jg A~ - J1J. & , 11 ft 
3~m3i:~1*~ffi=~m-¥~1*filz-iflli~mttmJEffiITT~ff~*§m3i:ffi=~m­
¥~1*filz-ITT~-=f-~tt~mm~-=f-~Am~~~~mJi:~mLITT~ww~MM9=1o 

53. -5fqi ft¥~ i*ft ~ ITT f :l:B * 00 L% AA ITT NOR.$~ JIJ , filt!S m-NOR .$ 5f0 *=NOR.$ , 
4i~OOR.$filMMffiff~~1*ff,Mffiff~~1*fffil:wffrrm3i:f:l:B*OOITTffi-15~fil 
:wtJA~ M1$ITT~i~w%JvZ, Aq:r, 4i~NOR.$ q:i ITTM!lfffi1s11*ff ~:$0~r,mtRflw-=f-5f00~ 
~ tliz ftw-=f- , 3t Jl A q:i , JiJrJi:m-NOR .$ ITT 4i ~ ff fit s11* ff~ tt ;;ff :w ~ I'[ r JiJr Ji: f :l:B * 00 ITT ffi 
=15~~~fil~ITT~1*~~~~m3i:m=ooR.$ITT~mITTff~~i*ffo 

54. t~:rm;tx;fiJ~3K53JiJr3i:ITTNOR .$ ~ JIJ, A 9=1, JiJrJi:m-NoR.$ ITT~~w5fOJiJr3i:m=NoR 
.$ITT~~w~%AA1=Effrrm3i:fffl*OOITTf00Lo 

55. *Wi-X;fiJ~3K53JifrJi:ITTNOR.$~JIJ, ~filtrSm- NOR.$, Aq:t, JiJrJi:m-NoR.$5fOJi)r~ 
m-NOR.$%AAftf1TrJifr3i:f:l:B *OOITTfOOL ,Aq:t ,JiJr~m-NoR.$ LITT-~!lX:$'i""ff 
~~i*ff~ffi~~A~~~~m~ff,mJi:~~~m~a:affi~!lX:~~~*AA~~mJi:ffi 
-~R.$q:tITTff~~1*ffITT~ffi~ff*fr~~o 

56. *W;tX;fiJ~3K53JiJrJi:ITTNOR.$~ JIJ, A q:i, JiJrJi:m-NoR.$ 5fOJiJr3i:m=NOR.$ 7}111J% 
AA ft f 1T r JifrJi: f :l:B * 00 ITT m-5f0 ffi = f 00 L, Jifr~NOR .$ ~ JIJ 1=EJiJrJi:*-5¥om = f 00 q:r 
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81~'1'---1.iEfilt15-,t-Q,IZ$,t-~~NOR$, A9=1, x1r~,t-~~NOR$ ,~,t-~~NOR$--1.ITT­
,t-Q,IZ$,t-ff~~~ff~ffi~~A~~~~ffi~ffi ,m~~~~ffi~ffifrffi~Q,IZ&*•~M 
~ft~m~~~OOR$ffl~ITT~ffi--1.ITTffi-~ffi=Noo$~-q:tITTff~~~ffITT~ffi~ffi 
:ltt 1T bt ~ o 

57. fiR 11is i-Xf1J ~ *55 fifr~ITTNOR $~YU , A q:i , ft &*fifr~ffi-NOR $ q:i ITT ff 1lil s11* ff 1A 
fa] ,?Jr~ffi-NOR$ tt1~~~$ iffti,m~irrt~, A9=1 Jifr~ffi- NOR$ ITT?fr~ff1i-ts11*ff ~r~ 
7T~jjt~o 

58. t~ 11is i-XlU ~ *56 fifr~ITTNOR $~YU , A 9=1 , i3 fifr~ffi-NOR $ ITT ff 1lil s1 ~ ff ffl 1t $1:fL 
~if&-5r.Bt, fiJr~$1:fLFA?f&B{]~,t-~~fffitft•~181~~NOR$ 9=1 o 
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~•aA~¥~~~-•~m•~*~~Dm~~~•• 
NORIAJZ¥~~l~~fg$ 

[0001] ;t§~ $mB"l 5tJZ.. 51 m 
[0002J :;,is:$ili* Lt#~3j<:2O1549 Ji 30 E3 t£5tl't{J:rjf-~3/9 "~l'I.frA~¥1Lr~*LlfflHJkB"J:l:i 
1i: B"J 71< f ~ ~ w q=i B"J $ :tEJH&NOR IAJ ff 1' HJ~ 1* ff.$" EJ{_J ~ 00 llfu a1 ~ tLl $ m Clliii st~ tLl $ m 
~) FfJLl~62/2353228"11:it~fXo ~ll{iist~tLl $if;imtt 51 ffl~1*# A:2fs:Xo 

1i#~±§i 
[0003] :2fs:R~ i* Lt~ w &f¥1*~ta¥J o~JJIJtil! ,:2fs:R ~~~ Lt EB 1i~B{J1'Hlf¥f*5L1tf: (tt~□ 
1'Hlf¥1*s1d*ff) %JvZB"J ~W &f¥Mt~~;MJ o 

.:::11::..§§!.-l:±--,l,i 
~ .ffi.1.X./1' 

[ooo4J a:2fs:0:ffq=i ,te'i:l£Tf¥1*~~JE4tta¥Jo l=iJ12J,1iffl';W~~*Llm1J1taf00¥~1*1<1~ 
C 1YLl ~□lisi Jt) _t *Llm~ JJ:~ ta ¥Jon T a:;,1s: iR. a}j ~ q=i if BrJf /EQ Yi!. , *i:g "¥ 11" ~tl't ¥ 11 r ¥ ~ 

1*tt ~* oo ag 1f fPJ , *i:g "7]( f" ~:tl'tf ff ri~¥ ~1*tt ~* oo ag f:f:1PJ1f fPJ 0 

[0005] :EJ!l~tt*q=i 8 ~□it$ ~w &~FJJJ~tEHfit~~;MJ, ~a1;f,1Zn" tl¥1iNAND,$" 0 

~~~W&f¥~~~¥Jq=tB"J~$~~mEBm~B"l•mcm~$~a•fflmmzB"11'ffif¥~ 
~ 1* ff% JvZ ITT , # Ji ti§'.Ji ~~n "ff 1* ~ ,$" ITT 14 JU o - 5fqi ~ ~ ITT ff {it~ ,$ 1,&: 11F n NANDH {it~ 

,$ QXrJj'jffFn "NAND,$" oNAl'JD.$ EB$~,$ ~~tiB"Jf¥{itsi1*ff ("TFT") §'.JiJvG o ~}ttQX1ffiaf¥f1:fPJ 
,$ ~~tiB"JTFTtm~1~¥~NAND,$ q=t B"J Ji)r~ ,$ ~~tiB"JTFT oft~1!fiNAND~l'I.r, **,&:~}ttQX 
1ffia f¥ B"J 1Jjj~ B"J TFTl=iJ (J~ ~~ flj 7F$ ~ B"J ma f¥-=rtJtQX ~Itt -=r:tJt ~{tf= 0 Jlty~ , EB $~a. HJ%~ 

B"JTTTA«~a•~att~q=i%~B"J';W~~1*ff*~$B"J~mfr3$-~!ltA«~~B"J~ 
pJi $ o NAND ,$ q=t :tJ ~ 13g ,$ ~ ~ pJi ~~ ,$ q=t B"J TFT B"J ~; ~ p;j _t p[R *Ll 7'J 7F roitt64QX 128~ TFT o im 

~ Jffitt *NAND ,$ ITiJ li {cf¥~ B"J {~~Jtt ~ mt 4? ~ 11$1 * B"J Jl!;:i8. o 
[0006] ~ -5fqi~~ B"J ~ E & ,ff {it~~ tiJ ~5ft nNOR,ff {it~,$ QX "NOR,$" o NOR,$ filt!S $ ~ 
f¥1* ~ 1*ff, ~1'~1i fLl~:$~:rlk IX ~t□~:$imt& IX~ o ~!It, NOR.$ q=i B"J ~ 1*ff #~~ti, 
1i1ijNOR,$ q=t B"J~Itt~mattJffittNAND.$ B"J~Itt~t1t/J,1ij$B"J ~pJi_t{t~ 0 § lW, :2fs:R~A 
#7F~□m:EJ!l«tt*q=i EBTFT%~B"J{f:{PJNOR,$ o7'1 T ~JttQXmef¥NOR,$ q=t B"Jf¥fit~1*ff, lxim 
~t!fj~i~f¥fitsi1*ff (t!P ":ffjffi" QX~;iffi) ,NOR,$ q=t B"J JiJr«Aftaf¥1itsi1*ff{jj~{:tD~ (t!P "~ 
WT" QX7F~Jffi) o ~!It, NOR,$ ft i"F~t1~:f:il!~~IJ!U~~~Itt8"11~1~B"J f¥fitsi1*ff, #JJ.l!~*li~ 
~QXme~B"JNOO.$B"JA~ff~~1*ffq=iB"Jme~-=rttQX~~Ttt~#o 
[0007] 1Yu ~□ , ft 2 0 1 3 4 1 ]j 3 0 E3 t~ 5t # r 2 0 144 11 Ji 4 E3 R ~ B"] A 1 s me i er~ A. 
("Alsmeier") B"ltJF~7') "'J~J~~ - tl¥1iNANDLtA*'Jm1Jr!" B"J~ 00 ~tLl8878278q=t 0:ff T 
- ti ff fit~ ta tiJ o A 1 sme i e r0 :ff T ~ ,fqi ~~ B"J ~ W &NANDf¥{it ~ ~ tzJ , bt ~□ "JIS ?JIS 1ir. si J=, 
!4JLlsi1*ff" (TCAT)NAND!4JLl (~lA), "ff%1irJvG:2fs:l=iJt;M" (P-BiCS) !Alff (~lB) 5¥□ "¥11 
NANo" f¥1it~iflta¥J O ~*, 2OO2412Ji 31 a tt5t# Ji r2OO642J=J2s a R~B"J:rjf-~n"*Llm 
fil 15 ,$ ~~ti B"J ~ 1*ff ,$ B"J PT maf.'f f¥{it~'4 JU tatiJ B"J 1f1!" B"JWa lker~ A ( "Wa 1 ker I") B"J 
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~OO~tLl7005350ill03f Ti"F$-tlr,§J~&NANDf¥,fv&~£j1ftig o 
[0008] 200548 J=13 B t¾x3t ii r20094l l J=13 B R~B{Jtlf.~79 "){)(fflHR~1tf: lz1fy!" s{J 
Walker ("Walker II") ITT~ 00 ~tLl761241103f T -;fqi "5{\(tJllHR" 1¥fit~mtig, A9=10~~B 
IX ft% ,ox; r0~~B IX Ef{_J fflx,HJ!Lt ITT M 'i"'NAND * q:t t£1~M! \'/ t£ tLl s{J 1¥fi15L 1tf: 0 

[0009] 200148 )=J 24 B t¾x3t ii r200446 )=J 1 B R~Ef{jtlf.~79 "Jl~:3ili:¥1t 1:tITTJ-K f 
1:JlJl<tRmITTt-'¥ j'[ffls11:tff" ITTForbes ("Forbes") ITT ~00 ~tLl67 4409403f T Jl~w~;t§~~f 
ff7-Kfffl~mITT¥1t~~~ffITT1¥~~mtigo 
[0010J 200048J=J 14 a t¾x3t-=r200346J=J 11 a R~ITTtlf.~19"Ji~¥1tt~m~r!ttITT$i9lfr 
tlkc¥~1:t~1tf= JztLlm:1fr!" ITTCleaves~As{J ~00 ~tLl658012403f T -5fqiJl~lfr~s1~ff 
ITT¥1t*®%JvZITTW3~~~~~wr¥M*~ITT$~1¥M~~~ffo 
[0011] filtrS83 ¥1t$s1mJJlfrtRt~tLlITT7J(fNAND$ ITT - tlr¥1if~iatiJ1=E83W. Kim~ AR* 
1=E2009~*:tJJt:l*JvZ~1E~tt*~ix, tt*i{?Jc::ttoo, ~ 188-189]'.t _ts{] x~ "x1r::JIS::JIS1fLW 
ft f¥1if ITT~ mV=t ~ ~tz tLl ITT$ FA¥ 1t 1:Jlfr t&NAND IAJ 1¥" ("Kim'') q:i 115(111 o ill fil t!S Ji~¥ 1t $ s1 li 
ffl tlk ITT 7-K f NAND $ ITT }tj - ;fqi - tt f¥1if ~m tlJ 1=E 83 HT Lue~ AR* 1=E 2010 ~A r}Jft~ *,ox;~ 
lf!tt*~ix, N71'i{?:::t:::ttoo, ~ 131-132]'.[_ta{J:::t~ "1lffl § 83 =tiJ~:l:_!i&UtJmBF S0N0S?&]'[ 
B{J r,§J &PT1J M8FA -tl¥1tffltlk (VG) TFT NANDIAJ {¥" 9=11'15(111 o 
[0012] fr~~ Wiis{J f¥1it~mtiJ9=1 '{¥{if ITT 1~ ,le, 83 {¥{if ITT~ w*7F, Al=iJLl:imttff ffl~ 
;frfitt71'9=1 s{J f:f1PJ -;f!fimH~ 131 AoiYLl~□, 199647 )=J 23 B t£x3tr199846 )=J 16 B R~ITTtlf.~ 
19 "tU ffl7Gx1;f~~ w1¥~ITT~F ~~·ti.c¥~~1¥1it~•JL" ITTEi tan ITT~ 00 ~tLl576819203f 
T ~T "~ ~ -f' i¼Jm1±A" N71'ITT NR0M~ ff fif s1 ~ff~ ft o Affil N71' filtt 1=ETFT NAND $ q:t 1f 
fflITTtl1rJJ-ittt~tzgJ: (Fowler-Nordheim) ~V ~ Lllz1tti~V, ~M ~xtr::2ts>~Vi~~:®tt71' 
Aln*iR.'l'f~~B~□ ITT o 

£l3J:)1AJ~ 

[0013] t!H@::2fs:R l3jj s{J-~JJfu 1YLl, $tEJHJkN0RIAJ 1¥rf ~ls11:tff (TFT) $ 14 Jlj ("$ffltlkN0R $ 
14 JIJ") *~~JHR19£Jlift ~ITT*®fff fil1$ITT 1J( f~Bw:l:t, A q:i4ij::l:t q:i ITTTFT831fr~~B 
**s{J-~~rJJ~ru~~j'[s{J¥1t~$*~~~04ij:~~Bw~&filM1=EM~~*B~~ 
&~m~OO%JvZITT~mmo~BwITTTTT9=1ITT~Mf¥M83~1'[1=E~Bw~83ffl~~$*~ 
mmITT~~ffl~zOOITT~wf¥MJL#mmo*~r~~~ffl~BwITT-ru~rJJru,4ij:~~ 
BwPTLlt£m~-=r-~~M~N0R$ITTTFT 0 

[0014] 1=[-~JJfuiYLl q:t, ~fl!w q:t ITT ~$1J!~m~1iltRmq:i s{J{x_-~~=tllU~tJ!~EL rm 
}tj-B~~&~m~ff1=t83m~1=EB~~&~mq:is{J~w;~~ITT~llio1=E~*~~A~ 
~f3i~1tzlttI, 7G*~iJ:itB{JTFT@11Jw~~~ITT1tffl, A9=1-~tlz~fl!tlk~1il~m*~, rm 
}tj-~ tlz~NOR $ q:i ITT t~ tLlffl~ t&, A*~JJ:~ lU:1:ih 00 JJ:~ ow~~~ _t ITT~ w 93-~ ~$ ~ 
tmft ~ TFTt¾1~, Ji)Tj£TFT~llj,f: st1J:1t Ll ~~ ~ w ;;_~ti JU JiJr=tifff!I! ITT D t&~iiltRm ITT~ D ~ ff 
~~lUw~~~o 

[0015] 1=E-~JJfu1JLl9=1, TFT%JvZ1=E4ij:~~BwITTW3~¥1t11J!~:ill~~_t, 1f1ij¥1t~$*~PT 
Llfil~BwITTrJJ~¥1tru:v1~mmo1=t~~JJfumq:i,){)(Wft:imtt~~fil~~-wITT¥1l:ill 
~z-ITT~$*~£J~l'[1=t~Dwz_ts{]J-Kf~~*~~Mrm~~,wm~~•wITT~-
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~-~~ITT~W*~Btt~Ia~ffiwr~ITT*f~~*~~Mom~~~*~m~a~ 
Hrffl@~ffiwITT~~ITT~~LM~ofttta~,t-ITT*ff~$f-~ITT~ffim~~m~ 
~J!-J(B{JfffitW &o 
[0016] i4TFT~_§J~fvZNOR$ rrij~}!JJl~tt*B{JNAND$-~J!{ (i) t~ili:Z91~~1UJlffIIXfffitff 
co RAM) ~ J1J ITT~ ff£ ITT~ IJx Mill. , c i i) ~ff£ xi --'=i -tf:NA-"rn * :ffH~ ITT~ IJx -=i=tJt 5¥o fift:-=f tJt ~1!:f: ITT 
~®&' ~R. (iii) :t§x1rf:l:BNk'-JDmt3D NAND~fLl s{J~{f£E1{J:CjJ3ff;5fO£ {f£ITT JvZ,:;,fs: 0 
[0017] tLH!r5,:2fs::&SJIITT-,f-~ifffi1Jtl, m~Bttfrtk:17'Jt~~~ mtAmfi~~***H~NOR$ 81 
tk: 17'] ITT lltxl 11i ~)±ITT 3t {,t O Btt tt t1IE tez ~* ITT TFT ITT w ~YIU ta~ ;ifO ~~NOR* LITT ~ a1 ~* ITT 
TFTITTW~Yltlta~, m~~*L¥f1~i 83 r$;ffiJHlitNOR$ [!fil ~ITT Fo'El'ffltm~~m '71 ~ITTx1~I!X~ft 
ITT ~n[nj o a,; 1m~ ifffi 1Ju * , ~ ,t-rFr 81 ~ {PJ ff fiiL11: 1t:t: m ~~,;ta~ tez 1,~ r& ~ ttfi¾ r,§1 ~A/~ 
~ nu iJrnt Jdi. , J? H fm ~ ::~J€JT s{J 1:W:@J a1 rsJ ti m O rt rm , 83 r fm ~ bl:: ffi m! Z9J ~ ~ :tJl ff* ff fit~ 
(DRAM) ~lf1hnL~J!J>~$ITT Jmijffi ,?fr ~,:;,fs::&SJI ITTNOR$ ~Yum~a-@DRAM@ffl *~ft O '=i 
ffim!DRAM;.t§bl:: ,NOR$ ITTi3:;fqi{f fflft i'f ~~ 11! {f£ITT {i[JvZ,:zjs: (cost-per-bit) !fb 1m 1:51J!z, ~R. '=i 
ffi m!NAND $~YU ;.t§ bl::~~ 11! {f£ ITT~IIXMill. o 
[ oo 18 J ta -g.~ft oo ~ m r oo ITT vM@ 1a'i i£ , m ~ 11!:tzf :ti!!:Elt!.iff'* :& SJI o 

1311 ~ 1-~ a}! 

[0019] 00 la~ tB T fl*1,tff{itfftat1J 100, AW. l3J3 T*ffi,:;,fs::& SJI-,t-~ifffi1Jtls{J ff fit ff• 
xITT~lH~o 
[0020] 00 lb~tB T*ffi,:2fs::&SJI-,t-~ifffi1JtlB{J~:$0~~-*~ITTMtiNOR$ 81~,:2fs:~Jjt£ 
:tz~o 
[0021] 00 le~ tB Tfrtl*f,tff{itffta~lOOITTYZf OOtlt!GOO* ITT [9 ,f-NOR$ ITTttITT~* 
~JjI~:tz~ 0 

[0022] 00 2a~ tB Ttlzffi,:;,fs::& SJI-,t-~ifffifJtl ITT a¥~1$tt Jt£201 L%tvG~ffi~202-o~ 
202-7z_J§{Bft%JVG~1'~i~wzIDIITTfrfffitff£a~200ITTYZf00*ITTtlt!GOO o 
[0023J 002b-1~ tB Ttlzffi,:2fs::&SJI-,t-~ifffi1JtlITTta~220a, ,;m ~ fflr~JJl002aITT~ffi~ 
202-0~202-7* ITT1I:{PJ -'i' 0 
[0024] 00 2b-2~ tB Ttlzffi,:;,fs::& SJI-'i'~iflli1JtlITTta~220b, A-'ELtrS--'=ita~220aITT ~221 to 
223* ITT-'i't§4~ITT~t1Jo~~~ ~2240 
[002sJ 00 2b-3~ tB T *ffl* :& SJI-1,~ iflli 1Jtl ITT tatiJ 220c, AfiltrS--'=i ta~220aITT ~,t-~ 
221to223;.t§4~ITT~t:1Jo~~~ ~2240 
[0026] 00 2c~ tB T ftttt1l1~iff!l!,8205-05f0205-1 ITTYZf 00* ITTtlt!GOO, Ai4~'f-~ffi~ 
202-05¥0202-1 * ITTN+~ ~223~t~fU¥~1$:t-1 ]t£201*ITT!H!i!,8206-05f0206-10 
[0027] 00 2d~ tB T fr3f tt00 2aITT fffit~tatiJ200ITT-$73'- * ITT~ffi~202-7ITTXYf 00* 
ITTtlt!GOO* %JvZOO 2aITT fffitffta~200* ITTi¼Jtl"l230o 
[0028] 00 2e~ tB T fr3f tt00 2aITT ff{i1~ta~200ITT-$5t* ITT~ffi~202-7ITTXYf 00* 
ITTtlt!G00*¥fr~riJtl"l230ft~ffiwITTfflx11!J!tl~LiJUR~ w1¥~~231L5f0231Ro 
[0029J 00 2f~ tB Tml~=t~ s1ditmt~~208 ~ tJ§JtrAJffl230o 
[0030] 002g~/:B T ft002fITTfffitffta~LITTjt;~IJ00~{,t5fOtst~Uff~z_J§ ,fttt~~mlR 
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81 $ s1 li 2 08 ITT • ill$ n" * ~ f~ ffiJ .g:i:r¥ ~ 2 0 8w lllfvi ft ~ * ~ 2 0 8-c hg , 3f Ji* ffl §'.~ titJ f3j. 

209EOC'4.~ ~ ~ :1:,1Er ± ITT $mo 
[0031] 00 2h7F ti::\ T 3f tt 00 2g81 -ff ffi]$ *t~208w81 XZ f 00 q=t sq ti~ 00 '7F ti::\ T :;gBm 
202-1;¥0202-69=1 sq:;gBw o 
[0032] 00 2i7F t±:l T 00 2hITT ffiJi'ffl*~208wq=t sq~-,t-~~~=t~ itl~ ffiJ*~208g-aq=t sq f:f:fi:ir 
-,t-, 1=Ei&l'r 1=E:;gBm202-ofu202-7z_tsq-,t-E1X$-t-m q=i ~~, E1X~ _¥~ffi]*~208g-s 
z - , a i&l'r a :;gB m 202-0 lo 11~201 z rsJ 81 :;gB FA r 1J ITT - m 9X $ m * ~ ~ c ~ Yi!. oo 
4a)o 
[ 0033] 00 2 j 7F t±:l T t!Htis * R ~ - ,t-~ JJlli vtl 81 00 2 i sq~ JJlli vtl ITT~ 1~ ~ nlli vtl ' A q=t {Sl. tff::~ T 
1m fffl ~ ffiJ * ~ - ep f-9.- :;g 1:f: 1PJ ~ fffl ~ ffiJ * ~ , a it~ nlli vtl * , fa :;g B w 81--t-m ti a1 ffiJ fffl * 
~ffl~f:;gBwITT~-m~_tITTffiJfffl*~~ffi(~filOO~o 
[ 0034] 00 2 klF t±:l T tlH!is ::zjs: R ~ -,t-~ JJlli vtl ITT t~ tu fr ffiJ $ * ~ ITT ,f§ x,t ~tl _t EB :;g B w % fvG 

81TFTITT~'1'- ffiJi'ffl*~208w (~ Yt!.004c) o 
[0035] 0037F t±:l T fflri&J'rN+ -=F m221 q=i ITTBtlt~_rITTBt&~ffi (V ss) B11ii*l1JEf!.lf!5L1tf:; 
Jl~:l:ii!, PT~:iffiijJi~~~~~ITTBtlt~~t~280!1X~~fflffi3'E~ TFT 303l01ir~~t~270*i& 
l'r Btlt~ ~ ffi o 
[0036] 004a7F t±:l Tx1r002iJiJr7FITT::zjs:R ~ 81 ~nllifftlITTXYf 00 q=i ITTti~oo, 1F t±:l T~4 ffiJi'ffl 
* ~ 2osw~=t~ .itl ~ ffiJ * ~ 208g-a ITT fffm ,r:2, 291 o 
[0037] 004b7F t±:l Tx1r 002jJiJr7FITT*R~ ITT ~nllifftlB1XYf 00 q=t ITTti~oo '7Fttl T ~~ ffi 
Wcl'r~4 ffiJi'ffl*~2osw~t~itlJmfffl~-~*~208g-a (EOC~i'ffl~ffiJ*~208g-s) 81iff!l!,g291 o 
[003sJ 004c7F t±:l Tx1r002kJiJr7FITT*R~ ITT ~nllifftlITTXYf 00 q=i ITTtl~OO, 7Fttl T~4 ffiJi'ffl 
*~208w~=t~itl~ffiJ*~208g-a~R.:t§1~ITT:;gBwx1zJ'sJ ITT~ ~209ITTiff!ll,g291 o 

~ ~ ~ Mff jj"~ 
[ 0039 J 00 1 a1F t±:l T t!R ffl ::zjs: R ~ -'1"' ~ nlli vtl ITT 1£ r tE x,t ff-1* ~ • 5G ITT §'.ll t~ ITT it i$ tffi m ~ 
q=t :ltt:ff iJl ~ ITT ~)t~ f,t ff.1itf ~ta ti;] 100 0 ~□ 00 1 aJifrlF , ff-{iif ~ ta ti;] 1001~* tE 11~m101 ITT* 00 
_t V[f:Q ITT~ HJ q=t M JvZ ITT ff-1* ~. 5G ITT - ~i :tk: 0 flltl ~□ '11~m101 pJ ~ ¾ ffl T tLlm~fvZ ~ IE! ITT 
ffi ~~ li s1 Jt , i3:x1 r *~vi~ ITT ~:iffi tSt* J\. ff!* iJl¾ i~ ~ ITT o tE ~ i$ i'ffi m ~ q=i , m ~ $~!Mi* 
(tt~□ OO laJiJrlF) {Sl.fflrf£ri:1i~ITT § ITT otEit~t~* r ,11 ~m 101 ITT*001NiA7J¾fffr 
XYf ffiJITTf 00 0 ~Jlt, ~□ ::zjs:iJl~ 4S q=t Jifr ffl ·*i~ "7j( Sf" ¾tl'tf:ffrXYf ffiJITT f:f:fi:ir1J[i'ij 'rm"¥ 
1[" JJ!tl¾t\'tZ1J[P] o 
[0040] tEOO laq=t, ~'1"'¥1i3'Ll*7FtE7k fNOR.$ ITT:!:t q=i ~¥¥1i 0~t~tLlffilH&E1X*~ITT 
ff-1*5Lftf: (eP~HJff.{iifs1~1'r!1XTFT) , A9=1~'1'-NOR.$f{}~Y1JfPJ fil1$ o~'1"'NOR.$ ffrir ":;gB 
w" EBTFTM!vZ, rOO:ltt-~i$§'.ffi193~0 ~NAND.$ :;;r: IP_}, tENOR.$ q=t, 1=J A, ~!OCEOC~~~Aq=t­
'1'-TFT:;;r:¥ff R.i~i~NOR.$ q=t ITTA{tBTFT O ~□ 00 laJifrlF' ff.{itf~tati;J100*7F EB 4!iNOR.$ tllf&ITT 
14 3'U, ~:!:ijl:;g 4'1'-NOR .$, 3f Ji ~'1'-NOR .$ jl:;g 4'1'-TFT o ¥±~, fF 79ffi~f-t.tati:J, ff-f*~tsftg 
lOO{JZ.¾::zjs:R~ ITTff.fit~tati:JITT~®~~~fiEITT t!H~o_f?..l'f tEOO laq=t 7F tl::\794 x 4NOR.$ ITTl4 
JU, ~,t-.$ jl:;g [9 '1'-TFT, f§*R~ ITT ff-{iif~tati:JPT ~ jl:;gf{}~X, Y;¥1JZ1J fPJ q=t ITT 1:f:1PJ -'1"'ITT 
f:f:1PJJ~.m.ITTTFT o flltl~□, f{}~X;¥1JZ1J[P] q=t ITT~,f-pJj'f~:;g2 ,4,8, 16,32 ,64 ... NOR~.$, ~,t-NOR 
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$ PT Fflg ~ 2 -A, 8, 16 · • · 8192~ £ $ ,f-TFL 1t ffl 2 l¥J ~Jj)j(~ ( ep 2n, A q:r n¾ ~~) ITT J5C¥ ;iJ! fl 
ffi~ff~-~~q=rl¥Jffl~oftffiftrlM~=*~~hl*~~ff~-ITT~'1'-PT~hl·5r.o~ 
lft1Jtl:tz□ •*Ra)j ffi~ 1:kJ ITTff{it-~ttgl=iJl2J,1{}~X5f□Z7JIPJ q:r ITT~'1'-Jl~M,f-NOR$, Aq:tM£.-::f 
~ JE7J2n1¥J Jf '¥ (x1r1I:1PJ~~n) o :tz□ 5'!ff{it•:tk:100~'1'-Jl~8192:l:ll¥J8'1"NOR$, ~,t-NOR 
$ Jl~8192'1'-ff fit5r.1tt:, IJ!Llff{it•:tR: lO0~q.Jl~NOR~ ~~ ~ xt1TFT%A sq ~rln 1Zi'1'-fffrt 
5r.1Cf a EB rJJi'i{=E~ffl$ ~~·jr. (MLC) vt#~q.$-=f-~,f-1irff{it{=Eff{i15r.fCf q:t :#T-d> Ji!., ~!ft 
ff fit •:tR: 1 oo PT l2J, ff {it ~rl + 1Zi 1ft 13g 11!f ,~. o ~ :JIS :JIS 1:fr l¥J ff ·fit•~ Jt ~ ~ 1000'1" ~ £ $ ,t-±3: 
~mtk:,~L~fflmtR:*~fl~AA~ITT~ffl~1¥JmtR:o 
[0041] fl=:7Jtl~1t.~,rig, fffit-~,riglO0{=EX, Y ,Z7JIPJ q:r l¥J 1I:1PJ ~,f-1JIPJ L:i'f~¥9:~Ectt 1Ytl 
#:tLlo 
[0042] 00 lc1F t±:1 T1=Eti~1t.ff1it.£a,rig l00SqYZ~OOtl~OOq:r ITT4'1'-NOR$ !¥]:1:tl¥J~*~ 
li!:~*7F a :tz□ OO lcJiJT7F, ~,f-NOR$ f{}Y7J[P] fil1$, ff1ffi5r.{Cf~t~ft¥JJHlk~153-m5f□1ir~ 154-mZ.. 
fa], A q:tm£t§mZ~¥)jwl¥J 1~4z..fa] !¥]~ 51 o4'1'-NOR$ q:r sq t§mZfffit5r.1tt:~=t~t§mZl¥J~1[ '¥ 
~151-n, Aq:rn¾tff~~¥}jwITT'¥~ITT~ 51 o 
[ 0043 J 00 1 b7F t±:1 T tLH!is * R a)j ~ ,t-~ JM 1Ytl l¥J ~ :$ 0~ ~ 1i '¥~ITT M :!:!NOR$ sg ~* ~ jj!4t 
*/J' 0 r 00 £a it 00 2 kit i~ * i.R. a)j J.3:tlf WcH l¥J W £ffi ~ ,rig O :ti□ 00 1 b PJT7F , i~ ~* ~ jj!4t WcH fil ti's~ 
Hft~¥0~'¥~S{Jff{i1-~,rigl00ITTt§4~3'Ll q:t S{JNOR$ ( 1Jtl:fz□NOR$150L5f□ 150R) o 
[0044] :tz□ OO 1 bJiJT7F ,NOR$150L5f□ 150R¾1irr0~'¥~15 lal¥J fflx1f91tlLITTM'1'-~¥)jw q:r 
!¥]NOR$ a ff{i1a1dt1'f 152R-1~152R-45f□ 152L-1~152L-4JtJjrJ¾A0~~1[ '¥t~ 151a1if91tl 
1¥J~,t-~¥}jwq:rITTff~5r.#®~00ITT~,t-~¥}jwq=rl¥Jff~5r.#o1=E~~JM~q=r,~rOO~ 
it002k5f□ 004c£ Wffil!fil1Ft±:I, ftrlJl~ 0~ftDW'¥~*~tLlffl4~~¥)jwl¥JTFT, pJl2J,~;EJi'i£ 
:kl¥] ff{i1* & a17tl:tz□, '¥~15 lnt~tLl1fr£~ 153R-l, 153R-2, 153R-35f□ 153R-41¥JNOR .$ q:r ITTTFT 
!2),2zfir£~153L-l, 153L-2' 153L-35f□ 153L-41¥JNOR.$ q:r ITTTFT O :tz□r00£ Wtffi!fil t-ti~, a~,t­
~JM1Jtl q:r, pJ!2),{=E~®~fF9fdtt:r 1tffl~'1"NOR$ u1IT~l¥1*±~ ~c (1Ytl:tz□ $1¥JN+tflfj~Jt 
$,t-ffl*l¥lfiDW'¥~z..~1¥1*1-:~~,12J,m~~ffl~ff¥)jo 
[0045] PT 12), 1f fflffi~.9t!l¥J~;f¥, =tllltLl -~~ 5f□~~~ffx1*RS)j !¥]NOR$ q:r 1¥JTFT*:ff~;f¥, 
~ ;f¥ =tlll tLl, ~~ ~ ~ ~ o 1=E* R a)j 1¥1 ~'1" mt$ ,t-~ JM 1Ytl q:r , TFT EB~ Hlff fit a1d$1'f ~;EJi'i , ~ HJ 
ff1itira1$1'f·ftffl~lJJ-ilti¥HJ:~r~'3f~1i=t~r~'3f:rJttLl~~;f¥mt~~i oftyj~~JM1Jtlq:r ,1tJil1t 
~~-=Fa:APT fflr~;fio 
[ 0046] 00 2 a1F t±:1 T t~ ffl * R a)j ~ '1" ~ JM 1Ytl l¥J a¥~{$ tt Jt£ 2 o 1 L % JvZ ~ 1m ~ 2 o 2-0 ~ 
202-7z..J§l¥J fffit•£a,rig200l¥JYZ~ 00 q:r l¥J tl~OO O :ti□ 00 2aJiJr7F, ff1i1-~ttg200filti3i~¥}j~ 
202-0~202-1 0 ¥~1$tt Jt£201*1FiJtl:tz□ aMJvZ~¥)j~z.. ~u PT 12J,1=EJtLMJvZfflrff1it•~a 
,rig 2 oo l¥J x ff ~ jj!4t ITT P-1~ ~1$ti! ira Jt o ±3:tir x ff~ jj!4t PT l2J, fil ti'stlttBL i□ Jf '¥ ~ Ni o ±3: ® x ff~ 
lE! l¥J ~® 1F 1Ytl PT l2J, filti5 ~1fr *ff•, tfli ff•, w 19ItlJJJ(:k •, ~~ • 5r., ~ ¥}j ~, f,; Hi□~~~ 
ffiR±•, &t§•, ~~~ -~~~, :f'f~i□A1te.~$l 11 ,$tuA/$tu t±:l~M~,:rti!!Jtfff~f~- Cfilti51ir 
~®'¥~M~~-A~ff~-5r.#-~~-®~~mo±3:®xff~~PTl2J,E!3ffi~-#ITT,rig 
~:tk:%JVG, 1Jtl:tz□N~Jt: ,Pim:, - ~Jt: ,W ,P+tf~-~ ~ !X, f~ff;;f□ rWI lliiraf$1'f, ~~-- ~~li-5f□1i 

~, :tz□x1r *~Vi~vt#J\.Jn **¾ 2 ~□ ITT o 
[0047] 1=E¥~f$tt Jt£201 q=r5f□AL%JVGxff ~1E!z..J§, :tJt~§'.~~~~203-0, Aflltl:tz□ PT 12),£ 
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VLf9'~"t.*a<JPJ1A1,tlio 
[oo4sJ =t~T*,ft~~~nffivtl*, PTY%PX,ei1i"~fij]*~"ITT~m~$m1ia,i3:i4aT 
oo W ii: 0 PT Y :r~ fA i3: t-¥ ITT~~ 1i a~ < vu "tz□ oo 2 c a<J ~ fijJ * ~ =t~ir ~ 26 4 , Too w ii:) 1t 191iHi 
~r~affi§W.%PXITT~~OOR$ITTffl~~~g~ITT*f*~wo:3/9T~rft~W~ffl 
j£ q=t :ittffi-1ii:, ~li&-~fij]"¥~1JJ x~ ~ gf$ 0 ~~]ia~PT Y:imtta~'l'~$'l''iJU9'ITT ~~ 
m_t~~ft~OO~{t®tt~W-*%PXo00~~~,i3:~~~1ia~PTY~fflffi~ITT-* 
I z: % PX rt "tz□ ~'fl* I z: % PX) 0 rt§ 'IJU9' w. 1,tm 203-0 , Z.}151! ffl ffi tJJl ITT {,t $ tJl~=thb't 
( CMP) :itt ff f :l:B 1,tW !JI o 

[oo49J ~§1c<1x%PX~~m2O2-O~2O2-1, 4ij;'1'1f~m:imttt~~m2O3-1~2O3-1q=i t§E 
ITT~'i'"rm ~z1rua<Jff~filt~tiL1±002aq=t ,g~~t±:1 T A'i'-~~m,1BPTYt~~1I:1PJ~;ITT 
~~ fil o ~ P~ _t , ~t~1A ITT ~~fil ITT JJI:; PT!tR ~r I z: tt* , rt "tz□ ft itt:JJ ~ ~~ fil Y fLl :it:¥­
~ ~11~201 a<J ~ tzf 1~ tLl ITT*~* ttt1L~Ll I z: a<J pJ ffl tt O 4ij; ,t-~~ FA ft T 00 w ii ITT ti tLl w 
!JI q=i titLl, Y % PX-&§ 1JJ Y~ ~ g 1$ ITT j(; f ff ~~w o 
[0050J 002b-1~ tB TttH~:zjs:RS}j ~'4'-~~vtlITT~a;MJ22oa, ,;eyy fflr~:Efli'.002al3<J~~fil 
202-0~202-7 q=i a<J1I:iPJ ~'1' o "tz□ 002b-1Jifr~, ~~m22oa~tr1iVLf9'ITT $ silir m221-223 o 
r m221-223PTYa~t:1:mmf9'1±ffi1PJ ITT )lt:EJI!.~ * rmT-¾a,;zra:1 :t$~ o PT Y:imttmf9'5-
sonma<J ~1i2Ji* (doped in-situ) ITTN+$sili*%PXr fil223 o f!t§PTY:imtt'iJLf9'W&ft 
4O-lOOnmm~ pg Et<J *ti*~$£:ri~$ sili*%PXr fil222;f□ 221 o f!t§r m221 (ep'iJLf9'B<J $ 
~liITTJ:mi'ffl) 1~N+1i~ oi3:tirw=ti~PTY:imttY T~:EJJl: (i) li$~'flITT1~(J~;t~ ~rt±A, % 
PX2O-5OnmN+ti*rmwr fil221, ~ (ii) ~1ir:Ji*mf9'B<J $sin, %PX2O-5OnmN+rmwr fil 
2210 CT-E1tfflmift!l:, E51:3/9'f::¾1!~-'¥-%PXITTt11~~~mrt~r,§J~~mITT1tti£*) 0 ~Jffl 
(P-) ~ li~ (W) ~ r ITT 1~1fLl; ¥±A ill PT Y JE Y ~ ~¥±A ITT $G ~ 1irN+=ti * ITT r fil 221 ITT i'J~ ;:itt: 
1T , Y ~ i,f.!fl ~ fLl :I:~ 5Eaf~A ,~ {J1[ ~ ff ffl r 1ft r J_ITT $~:ti* r fil 221 ;f□ ~ $N+:ri * r fil 2 23 Z. ra:1 
ITT r fil 222 o 
[0051J 1±JiJr~1r~m2O2-O~2O2-1e.t£%PXz§, 11t½t:1:-rn1tfflffir»H:R .. ~mmJ<.tt* c vu 
"tz□ 1±7OO°C ~£r,§j1ffii&T) R'± T m221;,f□222 q=t ITTN+;f□P-i±A!rm/m ITTmir§"{t, JA mJ10015F-:JiJr~ 
~~m Y j(Jtt§ 1PJ ITT ;t£ffi r,§11ffii)lt:EJI!. 0 iJl,im 11:~ 13Lz tu.~, mm~, Y ~~i4N+ r m223~N+ r 
fil 221 ir# , },). rmT-1~ ~i p-T fil 222 0 fffi ~p-Tfil2221Kr~ JE ~ PJ y ~~N+ P-N+ si 1* ~ ftN+ T 
m2215f□223_tnffit□1~ ~ffstn=r~ o 
[0052] r fil222ITT~~PJ&1~~TFT~Jg:l]t*ft, ,;a*~~w _t PTYd> ~10nm$G£Yoft 
~~nffivtl q=t, PT Y:imtta'iJLf9,N+$silir fil221ZlW, 'iJLf9'ffi.{tli (vtl'tzDSiN~Si3N4) ITT~1W 
(tf,_J lnm) Bl, ~1±%PXW r m223z§ITT 5j~if~ITTiffy:pJi13BJ ,f!tJ§¥}1JZVtf9'W&m~a 
5-30nmITTr fil222ITT $siliz§, t~tUTFT1¼}:i]!*ft/J,f l0nmo~1Wffi.1,tlimPT Y:imtt1,t$ 
~ffimfR, ~ r mm~~11:1PJ,;1m -¥-t'it c vu"tz□ 1~11a T ITT r,§1 ffm {t) rmmf9' 0 4ij;fil~1Wm1,r.a 
ffl1tPJJ ltN-+ r fil221 ;f□ 223q=t ITTti*1fLltti'fj:fLlP-r fil222q=t ITTtti'fj:pJi 13fil, {B ~,; JE ~1W Y ix 
mt~Pli ~~N+ r fil221 (JE§~tlk) ;f□N+ r fil223 (JE§liitlit) zl'aJ ITT IX~ q=i ITTM0ssi1*~1tffl o 
Cr fil222ITT*00 &~ filq=i ITT~ r~~ J~J~~~lnmITTffi.1,tli) oi3: ~lln7rITTm1Wffl.'ftlifil:I:~ 
}]□ T tUmPX::zfs:, 1B ¾ PT Ll _,Tl,.~ ri 1~¥{}3g)lt r "~ l;f]" :]ft~ ITT~~ w q=i ITT A$ TFT q=i ITT®~ t!rt, 
IPJSt 79)ltT "=t~:im" :Jft~ITT JifriJJ fPJ ITTTFTt~f~r,§j~Jt(.~ ~frto 
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[0053] pJ ~:rfil, 7J Tfff~N+ r m2235¥0221 s{J 1:fr~5fD~tlktlH~1,t!;~11£ITT E:§Jli$, pJ YftW r 
m 2 21 ;if□ 2 2 3 q=t ffl@ ITT - ,t- ( fJU tz□ 00 2b-2 q=t ITT w) g!Z 1f Mir ( fJU tz□ 00 2b-3) pft iB:: tRd,t!; pft ;JO s{J ~ E:§. 
r m224 or m224 PT Y EB -,t-gx;$,t-'iJL~lJ~ITT ~~m:rJH,ti; o fJutz□, PT YilUitt )'c'iJL~l -2nmJ!J 
s{J Ti N FA , rt Fo m ;f5U 0-4 OnmJ!J ITT~ m gx;~ 1rJ, s{J xtiJN ~ ~ gx; Ali {t tm gjzli {t~ ~ 7'H~ 1,t!; rm 
2 24 0 7J T ~ 11£ 3f ti*~ E:§. w ITT{§ 1% ITT "RC fil ill," O~P EB T ~ E:§. rli R;if□ £~ E:§. ~c ITT *;f5Un: ± ITT st 
fa]filill,) , * H7.1 T :ll'UJ"1-t/~tl*rm ~ITT~~ws{J "IR~" (ep EBTE:§.ifrtI;f□ ~E:§.pJiRITT*~~ 
±ITT E:§.ffi~) , 1JH~l~11£ITT~ E:§.rli o~rm, ft4ij-i'-~~m202-0_¥202-7q=ifil ~~~r m224 PT 
i'i~ ii'& ;JD tu mtlfi ITT M::zjs:5f□ 1[~ ti:, fil t!S s{J 1[~ ft r - ® ~ ~ tJ f4 tt Aifil rm q:r ${] tJ f4 rt tz□ 
$ si ligjz• it litEI xi £JJ□xi Y * fPJ :f'f tHitLl o rt rm , 1t ffl ~~rm 2241t 1~ i'i~ ~1t ffl 13A ~ £ 
*ITT~~w, ~~Jj:{jt~ s{J!4fLl1:Z$ 0 yj-jfjjij .~~HITT~¥J!wx1N+ T m223;f□W T m221z. 
~ITTffl&A~1ft~ITTtt~tt,JFH~~*ITTwA~£~ITT~~E:§.~offlME:§.~N~A~m 
~~ft~fil:ils•ffl~~~~~ffiITT~~w(~gx;&~-,t-gx;rJ;i,t-~~~oPT~~±fil,PTY 
:imttft 4ij'i"·~~ w a{] M iw~ rm :;r-~1x. ft-iw~:r¾f,t1;tt Niff!l!,8 *~/J"w E:§. rli 0 
[0054] :tRJi:;M 00 ~1t.t□titLl±l5' ~ift%M ITT~~m q=t JE5(J¥i.Ji ITT:tk: 0 iz□r 00i1 ii' 4ij,t-tk: 
p~JEAq=t PT Y%Miff~Y1f [P] f1rfilf$ ITT J;:; C fJutz□~-=f-1-) ~~WITT [X±.!!j, Aq=t 4ij'i'-~~ 
w-~%MA;_ (fJUiz□~-=f-1-) TFT o 
[oo55J 11uJZ%M~~m202-0_¥202-1 q:r ITT4ij-'i', 4ij,t-~~m:imttffl:1[_t~±l5'~trm% 
MO yj~r, ftp~JE4ij,t-~~mITT:tk:ITT:tk:%M00~{tq=t, 4ij,t-r --t-£~ ITT~~m;ft'H~fil1$~ 
ti7'c1rus{J~~m (fJuiz□, ~ mtz□ r00i1i:1~ITT 002cfifr1F, m202-1filf$~ttm202-o) , Y ft itl1 
~ s{J ~ ~ m :®tit~ ;E ITT j:_Ell. N iu!l! ,8 in i'PJ ¥ ~ 1$11}1£201 q=t ITT A~ JE;{ijiffrij :ff ;if□ Aifil E:§. Ji!:~. 0 
[0056] 002c1F tB T imtlil i&iu!l!,8205-0;f□ 2os-1ITTYZf OOq=i ITTtliGOO, A~t~~m202-o 
;if□ 202-1 ITT4ij-i'-q=i ITTNTr m223~ti1Ll¥~ 12$:H ff£ q=t ITTJU!RJ~ 206-0;if□ 206-10 ~□ 00 2cJifr7F 'fJu 
ii□ , i!NJU!RJ~205-0;f□ 205-li44':-B'1$:t1!1£201 q=t ITTiu!R,8206-0;if□206-l~tilLl EB ~~m202-o 
;if□ 202-1ITT4ij,t-q=i ITTW T m223%MITT fiu$1:fr~g!Z~t&~ 0 pJ Y~{rl,±filt¾i:f¾ fflr~~m202-
2_¥202-7 C*1F tB) ITT i!Niu!R,8 Yit~~m202-2_¥202-7~ti1Ll¥~12$:11 !1£201 q=i ITTiu!R,8 
206-2_¥206-7 (*7F tB) o:®ti:rf *E:§.JiI~, iu!R,8206-0_¥206-7 q=i ITT4ij-'i" PT YitffifEE:§. E:§.fu 
Thliffu~~ffl@ITTtt~gx;~t,&~,gJZ1fft~~~~ffl~PTY~~~~~ttJ;::ffgJZ~~:ffITT 
~Aftw o 7f*E:§.R% PT Yitiu!l!,8 206-0_¥206-7 q=i ITT4ij-,t-~tl·ti.:1:tl1~tilLl$-i'-~ JEE:§.ffi~q=i 
ITT{HPJ--t-, rtiz□ ~f_'(E:§.fu (Vprogram) ,:rmtLlE:§.ffi (Vinhibit) -~~E:§.fu (Verase) El,IH:E16JA1te.il-~ 
ITT ffi JE gx; ffi fE E=§. ~~ E:§. ffi v bl mzv s s o ft r oo i1 ii ITT -~ iflli fJu q=i , 1t ffl 1ff ~ 1fr t~ gx; ~ tlk ~ ITT tEI 
x1$'1:kITT~±E:§.~C, $:WJi:l:fil PTYft4ij-i'-~~mITTr m221 q=i ~± ofti~~ifllifJuq=i, :;frm~ 

itil NJU!R,85f□ 5J"-~ 1i~t¾1,tl;~EB ~~m202-0_¥202-7ITT4ij,t-q=i ITT r m221 %MITT 1:fr~g!Z~ 
1bZ~o 
[0057] 00 2c~1F tB T fflri4~iff~X1f fPJ %MITT~ fiu'¥~~ti1Ll¥~12$:f1 !1£201 q=i ITTiu!ll 
,8262-0_¥262-nITTil Niu!R,8261-0_¥261-n o~®~fia'¥~1Ett¾1,t!; Y ~tif~%/=&ITT tEl@ITT fia 
$'¥~208w (fJUiz□~ Ji!, rffitt'i'i~ITT 002g) ot¾1,tl;ti·ir~264Y ft it~tilLl ~*ft~fiu'¥~ 
261-05f□ 261-nz._t¥1[%MITT fiu$'¥~208w oimtl7f*E:§.R%5¥□ ~fiu'¥£~iu~uij:ff .~fiu'¥~ 
26 2-0 _¥ 262-n q=i ITT 4ij-,t-PT~ J¥l ai±fil~ 1l'ti.:l:tl1 ~ti , gx; 1r ft J1-i'-~ fia '¥ ~ z faJ 1i1t$ _¥ $ 
,t-~~E:§.ffitJ! q=i ITT {f:16J -,t-, rt iz□ pfr;f,~rt;~f_'f E:§.fu (V program) , -i~~E:§. lli (Vread) ;if□~~ E:§.fu 
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(Verase) o 

[ 0058] ~ ® t]1 i&iu!lu~ '~ ftD * r& lOt~ii-m pJ 12,l ~ ffl ffi ~jt ~Ll 00 ~ f,tltJti~Ll tJ71JJl)}1LF§vVf9' 
~,t-mt$ ,t-~1*mt:i~Hiii-~1,t ( 1Jtl ~o tij~ ~ mt li1,t ~) 3t00 PX o 
[oo59J tE10PX1mw~~fil c1Ju~o~~fil202-1> zFo, :i1Uiti~Ll5)':tt~~filb:,l 1ffflw%PX 
Pll:m¥Ll:iE~W~fiD"¥f& (mt~~1*11 ~201) *70PX¥1Jfffl O W70PXP!l:f5t83 tfrY7f!P] (ep ~1[ T 
tfr X7f IPJ fil 1$ B{] ~ mj "¥ r& w ITT 7f IPJ) fil 1$ ITT-K ~ w ITT ft ~Ll~3lFA q=i ITT 00 ~ tliPX o J11-m Ff* IPJ :f'f ·ti. 
ti~Ll:imtt~~fil202-11PJ rti~LliU202-o, Jt ll:imtt1r~ ~~ ~fil203-71PJ rti~LliLl203-0o 83 
r 00 2c ITT 1F 1Jtl q=i J\ ,t-~tt ti~Ll ${] ~ ~fil ${] iJ:; (~~ ~:!ti! PT 12,l ¾ 16 ,t-mt~$ ,t-~ ~ fil) , ft 
~~Pll:m*~ey~:;;r-~~~~12,l:imtt~~5)':tt•~~~fil~~ITT$~~~~~wOO~o~ 
!IL ~o * ®1±.!!1 ~:im :JstJi~ A in B ~o ITT , PT~~~~ :imtt u~t<tmi-t f4 tt ~mwutt: ff JJ□ ~ o ti~Ll ~ n: r 
~fiD"¥f&ITT~ii-mJ:.1fITT1r~~~o~~~~~J!:ffl~-~~-~fflb:,ltE~ffl~~ff~m 
faJ1~1?t~ii-m PT~~¾~fLlITT o 
[0060] 00 2d7F 1:±:l T tE5)':n00 2aB{] t¥1it~ta:M3200ITT~w7J~ q=t ITT~~FA 202-7ITTXYf OOq=i 
ITT fl~ 00 q=i % PX 00 2aITT t¥1it~ta :M) 200 q=i ITT 11J ffl230 o tEt§ 4P ITT ~JJ fl230zfaJ ¾ r,§J tJA fl bt, -K 
nu ~ITT~~ w ti o 19 T ~fij • 1:i ITT ti~Ll ta* , ~§ti~Ll:imtt :;;r-~ f' ~ ITT i-t f4st , xJt ¾ § t¥ tE 
~ ~ f' fil 2 24st , t£k~Ll1,t ~ rRt PT~~ :;;r- fij :;;r-tt 25l:5to $ tl7 !Jlti~Ll l'I{] * rPJ :n ·ti.¾ :m ~ l'I{] , ~ 19 E 
i~ g PT~~ tih.~ :% 1I:1AJ f' FA ${] ~ tJJ , Jt Ji {f 1i ~ W ~~ fil q=i ITT~~ w ( 1Jtl ~o ~ ~ fil 20 2-0 q=i ITT 
~~w) A~AiJ:~ffl4p~~wt§~ ITT'OO:&ltJfa]~fa]~, 1t:3/9TmW~~filB1~~w (ep~j,J! 
fil202-1a1~~w> q=i ITTxt E'OO:&l□ faJ~faJ ~ o § rtm, ~ttti~LlITT:tt q=i ITT~~fila1i51:;~ 
$ 'JJ!Ll ~ ftti~Ll ITT i&it~Jl~f:Jb~JG tE O 79 T ~$£ ~ ti~Ll:imtt 1Jtl ~o 321"~~fil~ ~ ITT m xi, pJ 
12,l tE4ij,t-8filITT ki~filffti~Ll, ~tJJ:. OOtjtiLl ITT tE* 188-189 ln:KimJifiWi~ITT o ~tJ 00 2dJiJr7F, iJJ 
ffl230)frlf Y7f IP] fil 1$ o 
[0061J lftFo, tE1tJm23oq=i ITT~~wITT{!l!V~J:.~%:ltl!mt9'~ Fz¥:mt$ fz¥:~w1¥~i-tf4o ~w 
1¥~fz¥::imttb:,l r1f:it%PX: 1t 7'cmt9'mt"t.-KW&192-10nmITTrf~~5)':1r~Hl, :im1t ¾=•1,t 
lifz¥:mt.1,tli-ffi.1,tli-li.1,t4m ("ONO") - fz¥:, ?tFoVLl9'4-10nmWITT ~ w1¥~i-tf4fz¥: ,:®ffi 
19ffl.~amtgliITTffl.~~mt•~~mt~*Arf1r~fflq=iITTM*~1*mtM*~'~Fofflffl~ 
~ 1r.Jm~t;tt~~ o~lit~~ 1r JmpJL::,l¾iJtl~tJ 830NOfilmtr,§]1r~ 1t~HJ (bL~□-1,ttg ,.f,ttirmt 
£1fJITT ~;fifitliii-) tliJvGITT5-15nmWITT fz¥: otffit5L{tf=pJ 12,l¾SONOS, TANOS,M*,8ttfit~, ~ ~ 
ITT 1¥ jlfflr t.&mt* ®I~ ~:im tt# A. in 2 ~o ITT {I:{riJ ir ~ B1 ~ w 1¥ ~~ Fz¥: ta :Ml O 11J fffl23016' ~m ~ 
1rJJ; '00: 12,l ?(f. AA 4Pt~~~ w ITT M ,t-t§ xt f!J!V~L ITT ttfitf 5L {tf=, 12,l JJz.. 83 ~ ® t§ xt {!J!V ~LITT TFT ~* 
ITT~HfiDW"¥r& 0 002e7Fl±l T tE5)':n002aITTt¥1it~ta:M3200ITT~$5fq=t ITT~~fz¥:202-7ITTXY 
SfOOq=i ITTfl~OOq=iffrlrY¼Jffl230tE~~wITTt§x11!J!V~_t.mt~ITT~w1¥~~231ufo23rno 
[0062] ~W~fiD"¥f&~ITTt~iu!k:ff o tEfz¥:202-7ITTTmWtEtft~Ll00~1,r.Jt ll:imtt*IPJ :n·ti.ti 
~Ll 5F tt i'JJffl2 30 ~ W ~ ITT ~ w 1¥ ~i-t f4 rnHJ illf , f~ l!: tE~ W ~ fiD "¥ r& t~irm C 1Jtl ~□ 00 2c ITT~ 
fiD * r&t~ir m2G4) o tE r oo ~4 ta ir oo 2 i Mi~ ITT~ ~JJffi 1Ju q=i , E fx ~4~ tHr ITT ~11Jm230 c 1Ytl ~□ 
A q=t % PX ITT* £~1&71~ We i§f~tih.t1r ITT ff) IP] r ti~LliLl ~ w~ fiD * r& 0 t[~® ~ trffi: 1Jtl q=t , ti~Llz 
$ ¾ tE * rPJ :n ·ti. ti~Ll ~!JJ fl230 ~WITT ~ w1¥ ~i-t f4 ITT m faJ mt9' $~ft ITT~ ff HJ (wtl ~□ 2-snm 
W) , 12,l 1*1ft$1Jfl230ITT1!l!V~_t.ITT~li1~Et!1rmJ ITT~1i~OO o 
[0063] lftFo, pJ 12,l ft~ w1¥~fz¥: _t.mt9'1** $ a1li ( 1Jtl~tJ 'P+$ a1li) 12,l %JvZ~*Ll.fflrt.&mt 
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~1[Ja.jfffl"¥f& o E13rP+:ti*$ sinJl~ l:tN+1i*$ ~n~r,§j Et{} :r}J Pi!~, IEl.lft;lt~1ft~ITT o PT 
~ 1t:1:ih , iE PT b:,l ~ J=l=H§ x1 rs i 02 Jl ~ r,§j :c}J Pi! ~ITT~~ ( wtl tz□ t1?, , tIL li?r ~ 'fl) :iJi J:& ~ 1i Ja.j $ 
=¥ tt o :EJ!l ft PT b:,l ffl P-0 :ti*$ si a~~~ :l:JtfE 11g tl 2 3 o o ft r 00 W i~ ag 00 2 i 13g ~ JJffi wtl q:i , fr x 
~1rITT11g1f23oq:iITT:ti*$sin~~~ cepff;lg73\.j1gc~~~:tiliJ1tITTJa.jfffl"¥f&ITTfr) 1=.ifl£$~ 
Ja.j =¥ r& ©(m:1~fffEI! o fr;lt1m fr ITT 11g tf 230 q:i ITT$ sift C ep H: lg ?J\. Wc ~ 1~ ~:rth:l:_1t 13g Ja.j $ =¥ r& ITT 
fr) ~fl£fffl~]a_j"¥f&~~ o (]!Jlb ]a_jfffl"¥f&*fit~f&ftJ9ffffl~~~z_tITTJvffffl~.mJ"¥f&1~ 
fffEI!) o :EJ!l fr PT b:,l * ~ -YttU~2 ;f□ iiJ!jiftt~ o ~ J§ PT b:,l 1f fflCMP;ti7 ~*JA 'BJ:'1"~ ITT Jgf $*®*Pi :ti 
*$sift o 00 2f JF t±:1 TiJVf~ $ ai trt2os b:,l :l:JtfE 11J1f 230 o 

[0064] 00 2gJF t±:1 T fr 00 2f gg H·fiiJ ff £i1it1J _t ITT -Yttu 00 ~ft;f□t!ktuw ~fz)§ , :®ti* PiVLt~ 
ITT$ ai trt2os ITT• mt$ 5t * ~ :EJ!l Ja.j $ =¥ r& 2osw, *_ft* ffl tig ti;;f-J tll-209:1:i ft F "±. 13{] $@ o fri! 
5fir'tl 6G r :ti*$ sift ag *~~ft ffl § ~ f;Lz ITT~ l'sJ q:i ag r,§J t}A ti l:t t!ktLl , PT fW~ mi~ 1t ffl _t~ vt * 13{] iiJ! * tlL F "±. ITT $rn PT b:,l :1:i ft~ tig ti fJ t4 209 ~ ffi r 1t 7J '4. lr'R o • mt ffl r :tt tJffi ag :ti*$ ai 
ft ITT**~ 00 ~~ ¥fr x::o IPJ M 1$ ITT f fr w , )A rm B 1fJ 1=J fr~~ JJffi wtl q:i ~ ~ % J:& gg ~ .mJ =¥ r& _m 
it b:,l t~fffEl!Ja.jfffl"¥f&208w o 
[0065] ft00 2gq:i, ft*PiVL~$aitrt208ITT fflE$5tz.J§, ~ w1¥~~231L;f□ 231RITT 1=.itB 
t~f.t t4 209 t§ 413 ITT w 5ti5R m O fr~®~ tfffi wu * , ~ w1¥~~ 231 Lt□ 23 rn ITT JJl3Jlb w * PT b:,l :im ti 
fr ffl tig tifJ t4 209:1:i ft $ra z 1ru ITT~ ~,m t!ktLl I z: it* Pi o PT b:,l fr~* :ti*$ ai ft ITT fPJ st~ 1r 
frJtz§~frfr$q:tITT~wW~ttMITT~~o~§ITT~~&~~*~1PJ#tt~~ffirITTff 
1PJ fl'Jtffi $~ft 1tr9k ; i!5fir $sift 1tr 9k PT fW~ /~ 5 I JEQ ~ :m ~ ITT ~ w tilt 1,m , ffl 1t ffl 413 ~ 1i Ja.j $ =¥ 
r&zrsJ ITT~ pJi tifl:i:m fi!4H~ 0 * ~ J!;fip ~ w1¥~f,Jflt iE ¥f1 Pi T ~,t-TFT 1=.iTFTZ rsJ ITT 1¥~ ~ wtfr 
3g rPJ ~ * iL ep ~ ;tt tr.ti ITT ti IPJ tf tf!l. o 
[0066] 002hJFt±:I T3fti~1f Ja.jfffl~1["¥f&208w (&fr002gq=lfrXYfffiq=iJFtt\) ITTXZfffi 
q:i ITTti~ffi ,JF t±:1 T~~~202-1t□202-6q:i ITT~~w o tz□ 002hJiJrJF ,'BJ:'1"~~~1~HJSr,t~ ~ 
221 ,P-~ ~222;f□N+~~223oft~~JJffi1Jtlq:i ,N+~~221 (iJLl!zD~t~f&) ~t~fUt~:rtl!~~~& 
v ss C7KJF t±:1) , _ftN+ ~ ~223 ( 17Ll!zo1vf&) t!zffl002cJiJrJFITT::0¥:!~t~fLl,tt !1£201 q:i ITTJff!R,8 o IEl!lt, 
Ja.jfffl"¥f&208w,~~~202-7~202-6ITTffilPJ"¥ft208wITT$5t;f□"¥f&208w1=.,~~~202-7QX 

202-6 ITT JJl3 w 73\. z rsJ ITT~ w1¥~~ 231 L% r&Hfit JG 1tt: ~H1itrrr, tz□ oo 2h * ITT f;ft oo t1Fic.2s 1 
t□2s2JiftJF o fr208WITT fflx11mtt OOx1ITTTFT2s1 ;f□ 2s273\.111J~TFT2s3;fo2s4, Jt q=ifil 1't~w1¥~ 
~23rn O ft1~~rrr2s3l□2s4ITT~~m202-6;f□202-1ITT ~~flJ!tl--1.~rFr2s5l□2s6 0 IEl!lt, oo 2h 
q:i JifiJFITTWcl'i*JFTFTITT~r,§jM~* &rel'i, Jt q:i 'BJ:'1"~1i =¥f&~1{}3g JtWHIJ!UITTWJ-t-~~ 
w ~ :$ , 'BJ:~"~~ wit 1fr3g Jt W31mtl ITT Wi-t-=¥ r&~ :$ , N ~ ~ 223PT~ft ~ ~ -=f-ffHfiiJ ~~lg 
ITT~1tJifrmiITTit~~& (iJLl!zo~;fi~&Vprog,;}q]tLJ~&Vinhibit,~~~&Verase~~IOC~~~ 
&Vb1) 0 !z□ 002hp}TJF' rft1J□ ITT~~~ ~2241:~JJ□ T 1:frf&ITT ~ ~$' L::,l{f THfitff1tf:ITT~1t oft 
~~~JJffifJLlq=i, {f1PJ~~~202-0~202-7q:i ITTN+ ~ ~221 PTb:,l 1~ff¥-'i l'iofr'BJ:'1"~~~q:i, 
~,t-~$~"' ja_jfffl¥1i =¥f& citftn "fmft~ =¥f&": iJLl!zo 00 2g q:i ITTffift~ =¥£t208-chg) PT b:,l 
fflft~~HfitTFT O 3 ifffi1Joit~ITT ~& (!!P 1ttmft~ TFT ¥:EJ!l "~jm" ~~)st, 'BJ:'1"ffift~ =¥r& 
iL ep &~ ~ ~ 222, 1t:f~ W ~ ~ 221 PT ittmft ~ ~N+ ~ ~223--1. ITT~ &V ss o 3 tmft ~ =¥ f&_t ITT 
~ffffl§J, (!!P jg§J JLl;tt "Wr:tf" ift~) * _ft wWi 1YJLtITT ?Jr~;tt1m=¥r&& "Wr:tf" S1, :H1tf:~1t 
PT b:,l IB1! ft 1m ft~ ~ ff v ss r 1~ff ft~ 1t 7.1 ~j{;J ~~ITT NT~~ 221 ~ t~ , 1E1 :nN+ ~ ~ 221 ITT m ~ 
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~~*ITT•~~~~-*~~A~w~~~-*~~~ffi~®~*~~C~£T~o 
[0067] 3JMJJ□ir~ITT ~ff.st, 4ij-i' ftD$=¥~208wPT J=l:lr~*-~Amt~~fH~frfiz>f-~ 
w1¥-~ $ 71'-231 LEOC231R_t ITT 4ij~ ff •fil 202-0 ~ 202-1 *%PX 0{] rFr * t~ ;E ITT -'i"' * 01 ~ 
w o PTtift:1:ih, frT00i~~it002kte'i3£ITT-~~JJffi:17tl*, 3JMJJ□ir~ITT ~ff.st, 4ij-i'.mJ$=¥ 
~208wPT fflr~*-£JAmt~~iff{itfr1*r~w1¥~$71'-231Lmt231R_tITT4ij~ff-fil202-
0~202-7* %nx;13{]TFTl3{J{f:fpJ* 13{] ~w o~mJ, ~□ 002kJilTJF, ff.fil202-0~202-781M1ll!U* 
fx ff -fll!U % M79 ff {itTFT, ~ JJt fr,:zjs:~ JM fitl * ~ fffl ~ ~ $ 5f□ J]Jf $ ~ fiD =¥ ~ o 
[0068] ~ )§ pJ ~ m :¥~ ~~ ~ ~ fr Jfn mt~ ftlm * i~ A* 00 f :lB ft O f!!.t )§ pJ ~Ai¥~ ~i<t ~ 
2015¥□ ftD $ =¥ ~ 2oswITT t~fff!Rm:ff ft ~Ll 00 ~1-t5¥□ti~Ll o fr £i1i it 00 2 i 5F□xi MITT 00 4ate'i 3£ ITT-~ 
MF.17tl *, {'JZ.7971'-\l'ic T f~~:l:ii!:l:1tITT JJµllli}~fftxi mJ$=¥~208wITTt~fff!R (71'-\l'icff ~~:l:i!!:l:1tITT fii}$ 
=¥ ~ M. p$ JO ITT~$ EB~$~ fiD =¥ ~ t~fff!R) o xi r 00 2 j JiJTJF 13{] ~ JJffi: 17tl , 794ij~ fiD $ =¥ ~ t~~fff!R 
,e '{E ~ .mJ $ * ~ ffl xi T ffl & a<J *~:Sc. ffi ' ~□ 00 4 b Ji)T 7F Om f,R ITT~~ FzH~ 1ft ]]! $ ~ ~ fil 5¥□ fu!R 
,e o PT~ 1f! n:mitt%nx;$TiNfil, t~~%PXf~ ~ ~Ji~~fil ( fitl~D~) *t!fft~trfi~~fil o f!tJ§ 
xi~~~ m:1r:J't~Ll 00 ~1-t ~ % nx;J]I $ ~ fiD =¥ ~ o (PT ti ft:l:i!!, ~ @~ fiD =¥ £tPT ~ EB ffl tli&I 
z:*t!~) ofr-~m!i:17tl* ,~®~.mJ=¥~~7-KfITT ,lB-X:1JrPJM1$, ~%PXfr~~~1,tli1* 
13<Jfu!R,e~3!J~ cep EBli=l::t~lt!RftD$=¥~2osw) ~R. ~¥~~tt~201 C:5KJFl±I) ITTt~fu!Ro 31?.t ,,:zjs: 
~~tt#A~B~ITTA~~m®~~IZ:m~PT~%nx;~~®~~~hlITTftD$=¥~3f~ 
BffJ~3J'tl!~t~fLlBffJITT~fiD=¥~ ,mtJAp$JUJw$:imrlJ9!$~ftD=¥mtfAp$JLl~$:imi1~$ 
~fii1=¥~~R.fr-®~nffi:~*M~~ffo 
[0069J 00 2iJF 1±1T002hITT ftD$=¥~2osw* ITT4ij-~~11~t~fLl~ mJ=¥~208g-a* ITT 1:f:friJ 
-~, fr~iifrff-~202-ofu202-7z.._tITT-~mt$1" ~* 1ii~, mt~ ~~fii1=¥t~208g-s 
z.. - , fr~iifrff•fil202-05F□tt ~201z..faJITTff1J!fil T::oITT-filEOC$ ~* 1ii~ o~itfLl~ 
$~fii1=¥~ITT ftD$=¥£t2osw PTtl!t5tWc~~:ttl!:l:1t, rmf~irfLlJ9!$~ftD=¥~ITT fii}$=¥~2osw PT 
tl!t5tWcf~ij(:ttl!:f:1to 004aJF 1±1 TXYf 00* ITT xi Mfl~OO, JF 1±1 Ti~ ftD$=¥~208w~t~fU~fiD 
=¥~208g-aITTfu!R,e291 o (t§&, fr002k5f□ xi MITT 004cITT~JJffi:17tl *, ftD$=¥~208w13Z.1=Eff•w 
ITT-fmu_tJ~tLl4ij~ff•w) o 
[0010J 002j1F 1±17.ffH11s,:zjs:1:za}j-~~JJffi:17tlITT 00 2i ITT~JJffi:fltlITT ti ft~nffi:fltl, A* fxttfft T 
J.!Jf $~ fiD =¥ tt (mt~ PT ti ft:ttl!, fxt~ 1ft ~ $ ~ fiD =¥ ~) o fr i~ ~ M!i: fJtl * , fff lr ff• w ITT-/hJI 
ti ITT fiD $ =¥ tt t§ xi r fr ff• w ITT yj -:itz ~I _t ITT fiD $=¥~:Sc. ffi o ~ fr 00 4 b * JF 1±1 , A JF 1±1 T 
XY f 00 * ITT xi @tl ~ 00, JF 1±1 Ti~ fiD $ =¥ ~ 208w ~ :Sc. ffi Weir~ t~ fLl J9! $ ~ fiD =¥ it 208g-a 
(EOC~$~ftD=¥~2osg-s) ITTfu!R,e291 o i~~nffi:17tl:imtt:li!:1~%PX~$~fii1=¥~ (mtJ.!Jf$~ftD=¥ 
~, f~'tliYLITo k) JiJrffflITTIZ::W#l*fifjf,tI z:mtia1=E002i5F□xi MITT 004aITT~M!i:17tl*, A* 
m~Tffi$®~$~ftD=¥~,pJ~ft~fiD=¥~ITT-~~~~ITT4ij~ff-wITT4ij~ff-fil* 
t~fftM1"'TFT (epfr4ij~ff•w* ,f~fflff.wITT-·t·flJ!U~%PX-1"'TFT ,:ff _§)A~$~fii]* 
~JttiTt~tLl ,fffflff.wITT yj-{IJ!u~%Myj-TFT, * _a},).J]Jf$~fii}=¥~m:1r1~tLl) 0 (fa)lfe 
£-1':iluJ,~MJJo_tt§<tl1~z..faJJiJrffflITT:luJ,faJ~) offl&, ~□ 002j 5f□xi MITT 004bJiJTJF, PT~ 
fr 4ij~ ff. fil * ITT-~~ fiiJ *~fa] lfe ~ t~fftfx-~ TFT O fr 4ij'i"'w ITT M 1ll!U ITT M ~ fiiJ $ * £t 
208w PT ~ t§ xi r tSuit :Sc. ffl , M. rm g ~ M 'i"'~ fiD =¥ £t faJ lfe * 1~ fff!R B ffJ M ~ o :Sc. ffi ~ M!i: fJtl ITT 1Jn 
~~~~~TTTITTffl~,A~ff:ttl!~4ij~ff-wITTM~:itz-fr4ij~~fii1=¥~ITT-~~~~ 

16 

IPR2024-00793 Page 161



CN 108140415 A 11/15 91 

tJi:~TFT o 
[ 0071] 00 2 k~ tB T t!H~ * 1st a}j - ,t-~ JJ'ffi iJtl !fl 1~ tu fr foD $'¥~!fl itllx111JILt EB~ B w % PX 
!fl TFT !fl '&,t- foD $ '¥ ~ 208w O 00 4c 7F tB T XY f 00 q:r !flt§ g tl ~ 00 , 7F tB Ti~ fiD $ '¥ ~ 208wa 
1~ JU~ fiD '¥ ~ 208 g-a 12,1, Ez. t§ <$;~ 81 ~B w x,f Z fa] 81 ~ ~ 209 lfl fo!t ,r#?, 291 o 9□ 00 2k Jifr~ , '& ,t-TFT 
EB~r0~foD$'¥~ffl~fflLlflXX~~Bwq:tlflff-,t-%PX,'&,t-xx~~BwEB~ft~-
11Jr?ZJ ~fr~ ;;tJ;JEli-~'4. rt~ 209 ITT r1J Tl~ ~1~% PX ITT ffl 4~ xxxt~B w ~wi ~ o t§ 1i~xxx1~B w z 
faJ ITT ~ ~ r1J tl $ ~ ~ w1¥ ~i'J ;jElj. 2 31 ~ $ si ft208 o frim :ct t1t~U ~tbE fiD $ '¥ ~ 208w z J§ , flt 
Fo PT 12,1, m • 1t.tm ~ * ~ ;;tJ.*4 209:1:i JE ~ 15H? 81 ~wi ~ i1J1t, ~ ffi fF'4. ~ 0 

[0072] 003~~tt:l:lli~ tB T '&,t-~Bw ( 1Jtl9□~ §i!.002b-l) 8<Jr fil221:im:ct:P~~280 ($:~) 
EB~~ ~N+1i ~$sift~ 1* a1~ JLl B ti~~~ ffi v ss ITT~ JJ'ffi iJtl o '&,t-:P~~ 280 PT 12,1, JiiLa1~ , 
1t1~:;;r-[P] filITTBt&~ a:;;r-,_16,ffl[Pj o EB rfx fr%PXr fil223zJ§~%PXr fil221, !El .uti~r fil 
221 a1~ ~ ~~ ~ ffi V ss ITT ~~~N+ :ti~$ sift~~ ffli ~ xt ~,t-~B fil202-0~202-7:lttff­
,t-~rJ;i ,t-~t JJ□ lfl 00~1-ttoti~Lltf;;~, !El.rf:1:::1:~JJ□ T >ttfJ.PX*o 79 T :l&¥%~1rrtm,rr8<J PX*, 1tffl 
'&,t-~BNOR$1fl.XITT!ftl~~±~$Co5tLlffl!ftl~~±~$C,7f-g~:p~~280,#li~,t-~f,J! 
wITTr fil221frHStffift~ JLl:im:ct EB tmft~ '¥t~208-chd~tU8<J ftD$¥1i fflft~ TFTlfl 11:: ffl 
JA {ir~ T FA 2 23~ 5¥$ JLl A ITT~ ffi V ssZ J§ ~ff¥¥ it O fr tf:7j( f 8<J NOR* ( iJtl 9□ A~ 1024,t-~ £ 
$ ,t-#{i{HFT) q:r 'pJ 12,1, fr ~B w 8<J 1=f:-11J1tl L1Ji:1j¾ JL ,t-mJE ~ TFT ( iJtl 9□'&512,t-TFT-'i') 0 ,Wl 
JE'&'i' ftD$'¥~zfaJ ITT ftD$~$fj=:79-~f&liN+/P-/N+~fJ!FA11=:79 yj-f&, IJ!Ll'&,t-~t-¥:8{] 
TFTt}i:fj¾Jfflffitf.)3 X 10-181*1il.ITT ~~fto EB r )A WM 11J!tl~t'1vl!l$r2000'i'Jltl¥Vt~~ITTTFT, ~ 
$ 8{] ,"2, ~ $C 1~ ili: o . o 1 mivl!l i* 1il. , ~JE Ll i~ fflft ~ ~ ffi ~l ff fr Jt L , :l21 Jtt,m:ct fr ffi JE ~~ft 
zJ§iL!IP:lttffB{J ~A-~~~itlfX~ftJifrffliITT ~5¥') o PTLl:im:ctM-rf:NOR$ 12,l,$~1{} $ ITT~-
11J1tl~ -=f,t-£$ITT TFT *:I:~ JJ□ ~ $C, )A rm t§ E:1:ih:I:~ JJ□N+ r fil 221 LITT fflft ~~av ss ITT f*ff st 
faJ o rtrm, t1tf:ITTNOR$ il!~N+ -=r fil221~:t -=r fil223zfaJ11tttil~ 11rtITT :1:~JJ□, i1~ritlfXt1t ~:tJtITT­
,t-rFrst, ~5frpf1tl:i,m~ tlEPTl'f~-=r:rJtJifr ~1!l!tlITT ~ ilrt o .dt,rr, fritijx.~11::WI fa] fflft ~!r1.X ~ $ft 
Jifr n r!t ITT st faJ PT 1'!~ ~ xi 11£ it lfX M :iE < ep 'fR:Jfil * lfX iJJ l'J:iJ st faJ) ITT~* t§ 19'1 ~ o .13 T JJ□ Jfil x,t * 
NOR$ ITT ~$CITTffifE~ ,Jmffiffli~tJi:1j¾$r-,t-ITTffifE~ TFT: ~5frpffiJE~ TFTPTLl 5t:mfr 
NOR$ ITT !f i"'-rf:&L o 
[0013J frOO 3 q:r iE7F tB T iuP- -=r fil222ITT PT m:;a1~290, LlJA lt Jt£201 iJJ !'J:iJ & 1ffioit~avbb 0 

PT 12,1, 1t m :m v bb ~a* iJaJ tu tff ~'&'i"' ~B w Bt rFr ITT 1~ {i ~ a , JA rm~& N+ B ti -=r fil 2 21 toN+ 
¥,ffi ti T fil 2 2 3 z fa] ITT S!E I~ m ¥fit ¥,ffi ~ ilrt O fr-®~ JJ'ffi iJtl q:r ' pJ 12,1, fr ~Pi~ 11:: WI fa] IP] A~ tu fflHJ 
1*fffr1~:1t11~ ~ ITT~3f~PiTFTJJ'ffiJJo r%1i iEVbb~ffi o 
[0074] !El79NOR $ q:r ITTTFT#ItRa1~, Jifr Ll*1sta}j ITT NOR$ ITT*lfJ.~11::~1!:f: E 3 fjtm:;:l:ih11Jfl 
1*ifr~ ~B w ITT M ,t-m~~ ITT Jifr ~TFT Ll :l:~51-at~rt: ~1t ( ep B 11'J * § Jl ~ At~ tUfffi 1& 151 n ~ 

JtBti~ lliV ssZfaJ ITT iEl~{i~ffi) , Ll if: 3WM 11lltllfl Jifr~:r~tUfffit&t~1*fffrV ss!lX:1!£rV ss 
st' 1$tU~fJ!wITTW T fil2215f0223zfa] ITT¥1tl:tm ~ mt O i~:1:~5./.al~ {i~ffipJ Ll:im:ctfflP-:ri~JfLl 
1:t<& (:im:ctt)m,1:t<&:tmffifrl X 10165¥01 X 1017'&cm3Z!'aJ) x1rfil222:ltt1f11Hi~*~fjll, Llif:F 
± tf.J 11t ITT~± TFT I~ {i ~ ff , 3f :im:ct i~ Jifr ~ * ~ ~ :l:Jt ITT fiD $ '¥ ~ 1*ff fr 01t ITT ~fl! w ITT M 
11J1tlL o PTIHt±m, 90~f{}~~B$ ITT-®TFT Jl~ff:tl~{i~ffi (!!Pfrf€~mrt:1~{i~ffi q:r) , 
Jl!LJpJ 12},:ifil;ui~N+ T fil221LITTVss~fufrr%J JLltf.Jl. 5 ftJF R~l~N+ T fil223LITT ~fuVblTr r%J fUtf.J 
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1 . s{x Ll _t ~'ti ¥1tiiJ - tk 1¥1 ~ 1± IPJ st i~ Jifr ~ fiD W * ~ i5F:ff fr otk*~:EJl fill: im ~ rftE jtl] tiJ o J3:1~ 
{~ T ~ i~* ~ ~ 1± ffi xirR rLt1*ff fr-1 . s{x;t§ IPJ 1¥1 ;}J: ~ , 8311:1:jllJ tiJ T 83 ~ r $£~ff)?,~ {i 

~ ffi.1¥JTFT 51 JEQlfl 1I:{PJfif!:jij o .ti:1::!Jr, frffi~NOR$ z.J§, ffi~~ft@ {it:i!;:l:i!! 'E!trS!fXffifj~{t, 
~~~fflB~tt&ffi~1¥JffWITT~~~n~m~~ffi~ffi.§~~~m~~ffi~fuo 
[0075] _tj£~w{¥~1Jf4 (1Jtl:tz□ ONO:l:i) A~~r~ffl1*ffiStfaJ (:®ffifr$4pg1JJ1H[) ,{8 
imr 1\. ti:{~ o fr - 5E ~ lti B<J ~ A -ffi ~i JWJ 1Ji z.Fo , imr !J-. ·t1: ~ 1¥ {it a11* ff 1¥1 ti: IJ~ ~ {~ B<J lti & , :tz□ 
;!;!VJ\r-:n,t-JWJ.Jl:Ji, A:®ffi1~V\~~{~1¥J O Ptrm 'pJL;), r:&~~w{¥~1Jf4Ll~d>{5F:@?StfaJ' 
f8 ~~:t~:Jmimr !J-.tE ( 1Jtl:tz□ i~1:5F:@?StfaJ~d>liJJL/J\st, IPJSti~imr Jd1:~:JJ□ iiJ~-=f 7J 1,XB{] ~ A/ 
ffi~ JWJ1Ji) o 1Jtl:tz□, frONO~JE1X~ w{-'f~FA 1¥1-?R{f;A~_§.~q=r, ~m:~ 1r m:i:®ffi6-8nml¥JiA{tftpJ 
1~~d>liJ2nm~£d>l¥JiA{tft, £1X~1~yj-~ 1r mi ( 1Jtl:tzoffl.{tft£1XSiN) jc~~~ o fr:lf!&lfl 
iE ~ tu 8 ri ~ ffi. -r , ~ Ti~:@ tt 1[ 1~ Pi 3f ( ~ ~ :.JJJ-il t,w mt~ Pi 3f ::;f [Pl) ~ 11}1 5 I liJ m {t ft~ 
w 1¥~ fil q=r , J3: _m ~ r i~*~ 1"f st tit ffi JL73\.trfi iiJ fL/J, st £1XJL 7( o ~ w 1¥ ~ m ft ftfil t□ • ft ft 
£1X$l ft t§ ~ll t~ fili~~_g 11:J3:® ~ r~ tB iiJ t~ tLl8* ~ , {8 B 1r'J ~ ~·~~if!: im § iiJ ~-r fil C ~ 

rwff:t~JF H{&:.tl:1::1'1!:Ji) o e~{f2nm~£/J,1¥J~m:~ 1r m:ifrfiltf:B<J )WJ1JizFo.la3$1i~~, 1~{¥ 
~1¥J~rfilffl~~~*Bfilfrffl.{tftfilq=rl¥Jmo~w~ffttM1¥J:1t~ffl~filPT~~~imr!J-. 
{1:f8{~f*ffi ("¥f¥'Jx·t1:") TFT oJ3:11PTFTl=iJIJ~w~ JWJ1Ji·t1:1¥J ~}\.)rtlljffi*1r ft~~B<J ~W o Es! 
~J3:11PTFTri'i] ;t§xit1'1:R:B<J~.tl'x iJJ r'nJ stfaJt)tfiH~filill,, JiJrLlA~J3:11PTFTB<J:$:'Jxa)j B<JNOR $ ~ 
flj pJ Ll ffl T § 1W pJ Ll :imttffl xi~·rit ITT DRAM~1% ITT@ ffl O ~1!fiNOR * ~ flj frDRAM_l a<J tit~'EL 
trS: 1* nx:$:{~1%$, Es]~DRAM:;f(J!gJ!iLfr -tt:l;P:q=r, * HJ:}Jn~1~1%$, Es]~~§ lWDRAM;Ji * Jifr 'flfi a<J 4ij JL ~ t) ;t§ tt , JrtliJ ffi JWJ 1A f{ w ~ 4ij ~I JL * trr :iE ff - oz~ 4ij ~ Jjv J\ st - 1,X o :im tt 25t 
~~ w1¥~;f-J.*4 (1Jtl:tz□ ~2eq=r ITT~ w1¥~fil231Ll□231R) ITTriJmLl.&imtt:lf!§:ltl! iJal~ffifil 
i~.tl'xlffi~~{tf: LlJF AJWJWH1:~fflJrtlUm*~:EJl:$:'Jx a)j ITT NOR$~ fiJ o 
[0016J :-t!HAs:$:'Jx a)j 1¥1 yj-~OOiiYtl, ill PT Ll 1tfflrlJm:~ ~ ri±Anr!xiNOR * ~ fiJ;litff ffi 
fi, -?R{l;A r:$:~~-ifimvt:itAff! B ~□ ITT frNROM/M{& 1:fra11*ff q=r {fffl ITTni! o frNROM/ffl{& 
~~~ffq=r,~*-~ITT~wff~fr~m:~~ITT~tmm~~ITT~~~~~ITT-~,JFH:® 
tt&~••~tmmITTmtt,~*ffi=ttITT~w~ffi~*ff~fr~m:~~ITT••~~~~ITT 
yj-fl#a o ~~ITT ffifi ~ 1± ~ iffitl>t5ff\W, R tLtOtxW tot~ tiJ81Lt8ff\W o :tz□ :$: ®l~1i* A ff! JiJr 
,~~□ ITT , ~* M 1'1:fr ~ ~ & ri'iJ i.~ijX RrLtl0J,ffim O ~rm, 11J)]!~ ~ rffifi bl:: Pii§:ffifj;}~ $ {~1~ 

$,Es!.tl:l::~::1J~::F:lf!fflrimtt~3fPT~ITT*~ffi3tffffi~o~m:~~rttA::1J~M~mm 
TM 1a ITT 1:tr* & , 1t:1t xir~~ ic'tZ.~ E ffl Jl~P}l 5 I jJ 0 

[0077] t~r *fa'i~:$:'Jxl:l)j ITT NOR$ ITT~1JH1:~1t o 
[0078] i.~.tl'x~{t 
[0019] ~ T fr~Rw LITTit$rFrq=r~.tl'xrFr, ~RwWif!J!U_tITTrFr~tJJ~i&J'[.~"~1fJ" 
~1§;, {ffijJifim;:i;P:q=r ITT Jifr~ ~ftD7f□ftDW*~~tJJ1*ffnOtkW ofrOO 3q=r, l{f :!:J[ITTNOR $ PT Ll 
:imttiu~n~ ~ IE4El=t* JL'i"NOR * zfa] ITT ~~JJltl ~IE!, ~~4ij 1'NOR $ PT Ll 1i 1~~1~ jlj ~ ffl ~itl ~ 
IE!, 3f H~*;t§ [P] ~ffiITT i"F$:1t1mltf :!:J[B<]NOR $ PT1&'.JF1f:ltl!~ltl o 4ij1'-Itf :l:J[ITTNOR$ A~ITT 
Rm (W r fil221) 1~i9:H~V ss~OV, mz~:imtt1i~~28O£1X~:®tl{:trt~~1~27O~[P] !ITT ft~* 
~2O8-chg (fr.ti:l::t~)5r. r, fr!ITTft~rlfi-N1AfaJ, Yb11~tJJMi1*fffrOff\W) ofrfWft~rfr NzFo, 
:imtt1:tr£~~t~27Oi~1:tr£~ (epw r fil223) lXH~t't!Vbl ~21xwo Vbl ~ffi~l{f:l:J[ITTNOR$1¥J ~ 
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•$*~!ti:ITTwruEE!iffo-~~hlITT~~*~&Am~ffl*ITT~H~W*~Mo~m*~2 
~li:ti, rmtk:q=tE1{]JiJr~Affil~~*~i~!ti:rA*l~~1rfiofrD~~:l:1rE1{]TFT!ti:rffi~~1rfi (ep 
Vth~ 1 ~~) , IJ!Ll{v~EE!,ffVb1~~3f~a~rPJi}j1bzEE!,ffi.VssJJ5{EE!i O itEE!iff#l~EB t§mITTw~mtlJJJl*~ 
t&Ymtla1'trm, :ti□ ~~:l:1rITTTFT!ti:r~f¥~1rfi (17UfrDVth~3~) , IJ!tJ~~t&itlftJ]JJ~ 0 
[0080 J § ft fflMLcs1 c ep ?± 4ij~TFT q=i ff fiff $ -=r-fir ITT f~ ,1~J , ~ :I:± ITT TFTPT 1Ez~fijg JL ~ 
l~{![EE!,lli. q=t ITT{f:-~ (1JU:ti□ fflr:zz7FrJ3fir~fflITT [9 ~~1rfis{] 1 ~ (xirffiPi~1rfi) ,2. 5~ ,4 
~mt5. 5~) 0 ~ JJ[ s{] ~~*~&A~$ *~ pJ 12), 12), im:l12/ ITT EE!, fftv*_t*, H itJ EB t§ ms{] w 
1muit* ~?± ~ :1:± s{] rFr q=i t& iuftJ ~ jffijg 1t OPT tHt:1:ih, PT 12), JMJJQ •~*~EE!, ff v bl c 17U :ti□ vb1 = 
6~) , * ii EE!, ff v bl s{] it EE!,~* PT 12), ~ :zz7F 1~:zz ff fit {=ETFT q=i s{] fir ITT [9 ~ EE!, ff~ 1ti a{] IL~ PT 
~ t¥ ~~EE!, ff q=i a{] 4ij-~ s{] it EE!,~** 1r 1:t ti O i3:1ir 1J1:t PT 12), 1) ~ ftJ ff fits~~ 1rfi cm r 3 
firMLC TFT) mt~ tis{]~ 1rfi , J:A rm~~~ :1:iht¾ ff¾ffij~ ff fiff O pJ ~ fi ~~EE!, ff ff {iff ?± ~ -m: q=i 81 
ftjg~~NOR$ ITTNOR$ q=t, {jt~firr ~~:l:1rITTNOR$ ;t§~ITTf OOq=i a §1tfflMLCS1, pJL;J,:J'¾ff¾ 
$ f-~ PT ~flf ~~NOR $1 *t&imtl4ij~~flf ~1rfi o iJU ~□ , ~□ 5IHt ffl 3{ir.MLC, IJ!tj )_\\Z~ &~7 ~~ 
~NOR$; fft~±fil, }_\\Zitjg4ij~~i)jFA5f□ 4ij-4"·tk:t¾ff¾!tffli~~NOR$ a pJ~f_'f~~NOR$ Jmi1 
~ JV. "~ fi 5¥□ J§ 'E3' yfft fil ~ W liH~ Ji1* ~ -m: q=i ITT~ 14=:NO R $1 ITT~ tt o ,R ~ ~ iJj w rJ31JJitl z-_t ITT 
TFT~i'f~~~~JV.~ft: ~i)jw !h-fJ)!tl_tl't{]4ij~TFT~,~,&_'i'.jg "*ffi" ~1rfi a~O*~g-I~;Jst~t 
A !l! 2J~o ITT , ~JV.$~ 1ti TFT ITT iE llJfl ~ 1ti ITT Affil 1f 5t o 
[0081] ~JV.~&'r:R:, ~jg~AN$ ffl[::~, ?±NOR$ q=i ,R~~iiJV.B{]TFTrm~ "tiJm", Aq=i ~ iE 
~~JV.s{]-~TFT $1 ~81TFT&,;]Jf fil "tiJm" o {=E~i)jFA q=i *i&_'i'.~~f' ~224ITT~JM1JU q=i ( iJU 
:ti□~ Yi!, 00 2b-1 ITT220a) , xif4ijfJJitl_tJl~ 1024~TFTITT $1, ~~ITT EE!,pliRjg ~ 10000013:X~, # 
ii~~ ITT EE!i '.@C ~ 10-141:t=tir , 12), ttfft 1 WJt) ;#RITT RCSi ['§] filill. o ep ft?± ~i)j w rJ31JJILI:. ITT 4ij ~ 
NOR$ q=i ~ 4098~TFT, RCSi j'§]filill.1!1~~/J\r20WJt) 0 ~□*t~ff¾~~f' ~22412),~/j,~i)jwITT 
EE!i j)liR, IJ!tJ Si f's] Mill. PT L;J, **i~/J\ o jg T ;lt1:-±!7~&~1V.filill., Jifr~1$ ITT~i)jtk: q=i ITT-® mt 
Jifr~ f OOPT L;),~~1BltmftEE!i itJB 1fJITT~lV.EE!iffV ss:tOYbl, EB .rltftB 1fJ11£~ \', ep w1mtl~:l:1rITT 
TFT cep iL ep 1± ~iv.~ftzmr 111 ~ tm ft EE!i M-~) o i3:tir m ~f~tJL rm ~~F ,m, /J\ ITT f~tJLr}J *, ~ jg 
ml :ttJH1::1:ih~mftEE!i EE!, '.@~C 12), *H~ EE!, wtfftfjlJifrrm ITT EE!, Yftt~Fffi /j\ 0 {=E4ij'i't~tk: q=i 'Jifr~ J\.'i"-mt 
~ $ ~f 00 _t ITT Jifr ~ $1 t~ PT L;J, tm ft EE!i L;J, if: 'r:R:~ ~ JV. : iJU ~□ , ?± ~JV. f 00 201-0 C 00 2a) q=i ITT Jifr 
~ * z)§, 83 TAVss5t0VblftIDT 2~~,&_'i'.fflr~ijx., ~JltpJ 12), 12),~!!ITTJll!J!ff~JV. f 00207-10 
[0082] ?±fffifftk:lOOq=t, ?±-'¥L'l'~ftq=i ,R i'f~~]V.4ij~NOR$ ITT-~TFT a?±Jl~ )\. -=f'i""NOR 
$1 ITTfOOq=i ,~:$0~~~*~ITT J'\.-=f~TFTpJl2),~$1Ei~S1iiJV., ,R~4ij~NOR$~tiftJ 
A~2ITT~ru$*~0~*4ij~wru$*~?±~~~ffl$M~EE!i~ITT~-f00~ITT[9~ 
NOR$ q=t~:$, IJ!tJ~~{=E[9 '1'~fitv1Jfq=t;lt1:ff [9'i"-~}V.~ft, 4ij~iiJV.~1tY~ &rJ3-=f~TFT a 
4ij~fOOPTL;J,m~A~2ITT-m~m~•$*~,mt~PT~~±filpJL;J,jmJ-1fOOM~~~~ 
?±}\.~mt~$ ~f 00 q=i ITT NOR* z ['§]~:$-~ii ~ ~mu }J~ * ~ 0 jg 4ij'i"-f 00 ti ~Ji \./ ITT w itl $ 

*~ft it Jifr ~ f oo ITT NoR * ITT~ s11tiv.~1t , i3:t§ m:1:ih:r¾ r,§1 T ~* 1f P±; 0 ~rm, i3:1rr1F 11± 
;~ L;J, tv-ijr ITT ~iuit* ~ Jifr rm ITT im jr ~ Jt 00 ~jg f~ 11, ITT , #ii§ -;t;:. $ TFT-lj( 1Bl~ JV.Sim 
pJ i'i~ ~±=ti :1:ih EE!, lli &s!I! 0 ?±J3:7J 00 , 1:& 3 tm ft EE!, EE!, '.@ ~c i&J'l~t~ Vs s EE!, ffi. ITT~ JM fJU ~ ~ JJIJ ~ 
5ttJITT, ~jgBil1~ T i3:tifiti±filEE!iffi.&s!I!, ~ J3JiJr~NOR$ ITTi)jEE!iffV ssY-9:~~tiftJ~J=,ITTV ss 
Jfil~o 
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[0083] ffifi (£5A) ;fOffif¥tCPtU~1t 
[ 0084 J ~ JL ;frp 1Jf! PT L:?-U4 ¾ :f:1t 13{) TFT ffi fi fU A 1911£ 1¥1 Ill¾] 111 ~ lli o ~ ~ Yt!, 13{) 1Ji! ¾ tRd:f¾~ 
V , ep 1[ =ti~ V mt :ti lfJ]-i;;ff {i~ ~r~ VO ;3:@f~ V ;fO ~ w1¥:f1tfJl tu q=r 13g {f: 1PJ - ;frp t~ ¾ ~ Jj: 
13g, Jifr 12), fffi~~F~ /j,1¥J ~ ffrL7'~ffifiTFT, ft it L;),~/J,l¥JJ;Jff;3fffffi;f¥Jj:L;J,71 itITTTFT o 79 T iR. 
~ ITT § ITT, il:ft 1fJ1ffi&:itU1~~ Vffifi fffi ~ift'E;/Jo lOOvlitY (11s) t~ftst l'sJ ITT20{x!PJCf9=lfU ¾:f:1tITT 
*~ (=t'.£tUfflt&) , O{xift'E;/JofU~•* ( 1JHm 00 2aq=t ag 202-0) 0 fr]3:llli~1tt: r, TFTITTN+.tlt:fO 
lffitlt (002b-1 q=r ITT~ fil221,223) ;fOP-f¼JJJt (~ fil222) fr*Em Jx~:H ii~ ~~VfU~ w1¥:f1t 
fil q=r O pJ 12), iffittift'E ;/JD:¥~ tel~ ffi. ( 1Jtl :tm fr:Lfs: 1Jtl q=r 791 O{x) *1i1J tUTFTffifj O 1Jtl :tm , pJ 12), iffitti4 
*~ ~lli~1~fU 1 O{x~ st1~ffw~ffi790{xmtififfitti4~¥J!w~llifr~ fU 10,fx~ sti4'¥~ 
~lli1~fffr20{xmtpijifs{]~;frfifll~*~JJJlffif¥tCPtUo-1);:f{~~x-t-'l'¾:f:1tITT~-w_t13g­
'i'"TFT;ttt ff ffi fi , {_§ A1te. w _t 1¥1 TFT pJ 12A fr t§ ~ 13{) ffi fi ml jt)j pg * ff ffi ;fj O § x-t ft¾ :f:1t sg ~­
w 8{J-fJJ1tl-1. 8{J $'1'TFTq=t 1¥1-'1' C 1Jtl:tzo1~~ ¾:f:1tB{]NOR.$ q=r 1¥1-'l'TFT) Jttffffifist ,NOR.$ q=r 
13g Jifr ~ A1te. TFT1BlfA¥et¥ :j:rjJ tu , :tzo ~-w ITT yj - f91tl _t ITT Jifr ~TFT C 1Jtl :tr□ ~Jj: ¾ :f:1t Ef{JNOR .$ q=r ITT Jifr 
~TFT) o - !! ¾:f:1t8{}TFT1Blffif¥fLlAt§t k~~lfl § tr-l~H11~lli, 1?Jtfm~itTFTB{]ffif¥tllltU, ~ 
79~ifiu~ § ;j:;f,~ffii4x1TFTift'E;/JO::f 16,~ITT fljJ o §~J=§MLCS'J, ~ifiu § ;j:jf,~ ffi.pJ~~ ~Jj:~~ 
mt~r-'l'~~§~~ffi~lli~~l¥J~ffi~lli~#oE~~AITT¾,tt~$ffl~½~'¥~ 
RAl§*~$'¥£~1¥1 ~ -f 00 _t13g t§~~~-* q=r sg Jifr~TFT~lit•illr20{xfA¥efi~lli, :H 
ii-!! TI 1fJ 1Blffi fifLl TI 1fJ 13{) § ;f,;r, 1Jl¾] 111 ~ lli1?Jt ~ ~1Blffif¥ :j:rjJ tU o ~1tUth, ~ -:f;J;!: pg# ii~$ 
t§~½~'¥~R.At§*~$'¥f~ITTA1te.fffiJ_t13{JJifr~TFTfil~1't•illr20{xffif¥~lli-fil 
fm~ffi~-:j:r]J~oJ3:®~ff®ffi~:j:r]J~~#mPTL;J,fr:2fs:~~q=r~~ffi~,~79~~~-w 
ITTM~®~~~~::f~ITT½~'¥~R.Affl*ITT~i'fl.s'¥~~~.#ii~79~'l'~•w_t1¥J~ 
llix*AfEmmPTL;J,~~rm~A~~-wmtA~fOOJttfi~Ho 
[0085] fr-'l'JF1Jtl q=r, :f;R: q=r ITT Jifr~TFT1t )'ctBl~~ fLl t"J 1 {xsg IJ!¾]ffi~lli o 1'tJ§i4~'1'¾:f:1t 
ITTTFTITT~-w _ts{] ~lli~H7901X (1Jtl:tzoiffitt~=ti270~~ffiiE~'¥~208-chg, mtiriffitt 
~ti280, :tz□ 003JifrJF) , :tzo*¾:f:1tITTTFTi4:Mtffif¥; :a IJ!Ll:tl□*¾:f:1tTFT~41~fffrA~Pi~~ cep 
ffif¥tl11tU) , IJ!Ll¾:f:1tITTTFTITT~-w _ts{] ~lli1Bt~H7910{:k o~¾:f:1tITTTFTffi*ITT½~'¥~1't 
)§fr~ fLl 20,fx, xii¾1=E-'l'tV ~ q=r , ~¾ frM t"J 14,fx:ff ~~~ Jtht~ ;/Jo~ lli ITT ~11 lg tV 131 q=r 0 

J3:;frpt~ ;~lliritfi!x~{~ TIFT _ts{] ~fljJ, :Hil:%,mtB § til!l¾]111~lli o:l;R:q=r ITT Jifr~A1te.½~ 
'¥ ~ ~H79-='¥: ~ 1 o{x o Jifr ~ f 00 _t* fr:f;R: q=r ¾ :rR ITT Jifr ~ ~-w L;J, R. ¾ :f:1t f 00 pg* 1Bl -'¥LJi ¾ 
:f:1t ITT Jifr ~~tJ! will 1J!z ~H791 o{xmt PT~~ 1¥ Ho J3: @~-w 1=j ~ $ '¥ ~ 5j n~ ~, J3:@ '¥ £~ 
ITT ~ffi79lO{x, ~1'tt¥ H1=Etiili:10{xs{J ~llir o~~ITT~~ ~lliffif¥lP1l9=1q=r ITT~'i'"zJ§¾ 
i~IOCml IA 12), ,tiftl JE ¾ :f:1t ITT TFT ¾ :a B ~:i: :iis:fLl A § ti Ill¾] rn ~ lli O § JE fLl § ti I~ {i ~ lli st , ~-* 
~ lli fr~ fLl 1 O{x (pJ ~ 1~:f:ih wt¥ ill., :H ii§~ T :f;R: q=r s{J-'i'-¾ :f:1t ITT½ ~'¥~zjr ITT½$'¥ 
~mfr~ iu 1 o{x st fr~ =ttili: 1 o{x) L;J, 1111 tu*- tV ffi f¥, rm½~*~~ ff ffi f¥ fr~ -f oo _t 
rm *:iis:fLl A § ti Ill¾] ffi ~ lli ITT Aflli ¾ :f:1rw O § Jifr ~ ¾ :f:1t ITT TFT B 1Bl~ltV}~iiE 12), iE wflffif¥St 'it 
ffififf7Ll ~ Jt O §~fflMLCst, pJ L;J,J!!i:i11t)'cx,t Jifr~ ¾:f:1tITT~-wITT ~~~CJtt1Tffift~ ( 1Jtl 
:tzo~ Yt!.im:i10031¥J~ti270;fOf1JtfE~ '¥~208-chg) _¥JL'l'~ffiz- ( 1Jtl:tz□ § pij{ftf§ ,~-~H{it 

fr~'l'TFTq=t St 790, 1. 5' 3. Omt4. 5,fx) *JJ□~ffif¥$'i'l!l¾)ffi~lli~~q=r ITT _i_E,tiftl-'1' 01'tJ§i4 
20{xjpjcl9=1 ift'E;/Jo fLl ¾ :f:1t 1¥1 ½ ~ '¥ ~, A;l4 TFT. ill r ::f ~ITT~ ~::z~ 3f ~ lli (ep 5t JJLl 7920, 18. 5, 
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1 7 E!.lZ 15 . 5 {it) , ~ JJ( [9 ,t- 1!%l f1i Et! ff q=q¥J iE 11Jfl ~ ,t-¾fr. -i'-iJ;;f_!U,$e l'f ttdJJ q:r nt ff~ fi o z.J§ , 
pJ 12), fr ,3.,t-TFT m iQz --1.Jlffi JJ□fitm at~ fjjpjc {9=l 0 

[0086] EB f~q:rfi¥'i"ff~wITT lg[ .ff Eg~C, Jilr L;},frx1 ~:i:JrB<J ~fiD'¥~JlffiJJ□ r,§J Et!ffi.H71t1PZ 
1ru , ~ q:r Jifr ff f 00 _t ITT Jifr ff ff~ w PT L;J, i4 A tm ft Et! Et! ff~ 1r!i i&-Jll. fr~§ f:frlll. o ~ !It , PT L;J, ~ 

Jfftlij(;_ TFTITT :H1r~t¥ o !ltf§, PT 12), 1Aff •M!ITT-i&ltVJiiiE, # Hft16'~~i4 iEiJJflfffiefiITTff~ 
w ]~J~Jri&-Jll.79~fitrl1 tLlr~A O ffift Et! ¾ff 5tLl s{J, ~ 79~fj~ fa] fflx1~* ( fltl~Dt~ 1 00vl!OrY) , 
[qi stx,t Jifrff Et! ~~CntfffmJE ~ Q.\Zx,t ~:f:Jt ITTTFTntff i&ItVJiiiEPTfrAf 1 OOOfif ITT st fa]~ r:kJ 
tA1f o ~!It, 1=E-'1'~fiD'¥~~fift:37Ll q:r~fjg PTl'J~$S{JTFT¾ff5tLlITT o 
[0087] ffipif¥!ft 
[oo8sJ x,tf~®Et!:Wf-'f~FA ,ffiPi¾:imtt1¥~Et!:WITT&fPJ~~~*~JfftliITT ,i3:PTl'J~;t§§tf 
(fltl~oPTl'J~'f/fi~ JL +~5¥YITTffi~H71t1P) o ~!It, ffiPif¥!f'f:®ffifr~iQ11Aff, :®ffifrf§~;f'Aff o 
~~ s{J~ PT 12), ¾J\. -t-f oo r,§J, 4ij,t-f OOJlffsooo-t-ff~w, 4ij'i"wfrA1:f:~flJ!tl--1.ff 4OOO-t-
rFr, fr~-t-~q:r l.tEtt;Ji 1Zi-i'-TFT, ft:fi~,t-;Jts;Jtsf:fr~Jtfilttt~ 10OO-i'-i3:r-¥s{J~, ~□~ pijf:f[ f~ 
,~. tHit fr 'e¥-i'-TFT _t o flt!. t~ :It!! , ~ ffi ~ ¾:im tt fr f~ ff~ q:r ITT Jifr ff~ fiD '¥£~fr O{it ITT [qi st im tt 
3~Jl29O ( fltl~D~ Ji!. 00 3) fPJ'e¥-i'-ff~w B<JP--f' fil222 ( fltl~D~ Ji!. 00 2b-l) JJIBJJ□ tf.J2O1it*1Aff 
s{J O ffi~ Jpjc 191 ITT ff ~t st fa] m * ft 1i A$ ~TFHEZffi Pi JLl ~ ;f□ 11tz fa] ITT IB~H%1 :11B1Er~A 1!%l f1i Et! 
ff O ~ ® TFTPT i'J~ ~~ iJa] * tiZffiPi 79 n~r~A ( ep A ff 5¥~11& in ITT 1!%l ffi Et! ff) 0 ft 79 ffi Pi* 4 ITT 
~i'flS73\., i3: ®JFTg ~frffi~ Hlk1tFt~JRZJ§tiZ~fiiLlt?:fJ'll:l:\'&slEr~:&:1!%lf1iEt! ffi. o 
[oo89J PT rHt:tt!!, 1~~JlffiJJ□ iLlP--f' mITTvbb, frJiJrffffimw --1.s{J-f' m221;¥□ 223:frr,§J iutf.J2O 
f:k,[q!~1=Effi~~t1PITTff~~OOr:kJ~mff~fiD'¥~ffff1=t~1ito*~~~*w~~M~~ 
(002cq:r ITT2O6-O,2O6-l) *ffli'J~~frJtti,~)(tffejt2O1itITTs~~ff o PTfH~:f:t!!, ft't T ~:l:1tITT~ 
fiD '¥ ~ 12), )'~ ITT p}T ff~ fiD '¥ £~ i~ff ff fr ~{it , [qi st i4~ JJ[ ITT~ fiD '¥ £~ )pjc lrr 79-2O,{jt , # i4 f 00 
202-0~202-7 q:r ITT Jilrffff~wfffffr~1it o i~~ft1xffiPitiZ~,t-~:f:1tITT ~fiDfft!~iff!!t&ITT JiJr 
ffTFTITTXZt}]J=, o 
[0090] NROM TFT~]Jffi wtl ITT ffi~ pJ 12), 1t ffl w fa]~~~ 5 I~ ITT m ~ ~ 1±AITT ffi tJlNROMffi~ tJl 
tLl*~Jfftlio79 T q:r l□f¥~Et!-f'ITT ~:W: 1=E'¥~--1.JlffiJJo-s{k, 1=E~rlk-f' m221_ti)ffijJ0~1:k, Hi± 
rJUJk ~ ~223--1.JJIBJJ□ 51k o 
[0091] r~1~12), _t i$iffita'i~¾79 T iJl a}j ,:zfs:Jx l3}j ITT Jlf*~Jlffifltl, rro::;;r-¾p[z tUttITT O fr,:zfs:Jx l3}j 

ITT ffi IE r:kJ ITT it$~ ttl□f1t c& ¾ PT fJ~ ITT o 1=E JiJr pft i-J.tLl ~ * q:r I~~ T ,:zfs: Jx a}j o 
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Abstract of CN109390012 (A) 

A method and apparatus for removing electrons from a surtace of a floating gate 
memory oxide lay are provided, comprises performing a negative pressure weak erase 
operation on a storage unit of at least one data stack or at least one data block of all 
data stacks, A negative pressure weak erase operation includes applying a first voltage 
to a gate of a mernory cell of at least one data stack or atleast one data block, A 
second voltage is applied to U1e substrate of the memory cells in the at least one data 
stack or at least one data block, the value of the first voltage being smaller than 
thevalue of the second voltage, and the source and drain of the rnernory cells in the at 
least one data stack or at least one data block are suspended. The embodiment of the 
invention provides a method anda device for removing electrons on the oxide layer 
surface of a floating gate memory. The negative pressure weak erasing operation is 
carried out on a memory cell to remove electrons captured on theoxide layer surface, 
thereby solving the problem of degradation of the floating gate memory performance 
after long-term use and prolonging the service life of the floating gate memory. 
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2 

IPR2024-00793 Page 186



CN 109390012 A 2/2 91 
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~filfflhl~-~.m~hl~-~*~~m~k~-~~m~~ffiHffi~ffi~ffl~,ffl 

r~m~nm~ffl~*fik~~~~~ffiHffi~~~~.~filfflhl~m~~&-,t-~W* 
~~~&-,t-~ffl~a<J~ffl.ftl't<J~hlo 

12. itzffli'xf1J~*10JiJr~l't<J~j'[, ~~1iEftr, 
m~•~-~~~*~W**Et<1~*~W~a<J~ffl•ft*fiffi~~*·m~nt*~w 

j:fa<J,t-ij:791 ,t-, JiJr~:lJt*~ffl~a<J,t-ij:791,t-o 
13. itz:tliHxf1J~*lOJiJr~B1~j'[, ~~filfrr, 
JiJr~ffiPi1~~ftJiJr~ffiPi~1tttti *, JiJr~~ffi.uSJffiPi1~x,t JiJr~nt * ij:ffltt * 01 ~Fnt 

*~ffl~a<J~ffl•ft*fim~~ffiHffi~~*; 
m~•~-~~m~nt*~W**Et<1nt*~W~a<J~ffl•fta<Jffl~~~ffi-~ffi.~ 

m~nt*~W**Et<1nt*~W~*a<J~ffl•fta<J~~~~ffi~~ffi,m~ffi-~ffia<J~m 
ffim~rm~ffi~~ffia<J~ffiffim,m~nt*~W**Et<1nt*~W~a<J~ffl•fta<J~~~ 
itffl 1& ~ ~ : 

m~ffi-~ffi~m~ffi=~ffia<J&ffia<Jffi~ffi~rm~ffi-~ffi~m~ffi~~ffia<J 
&ffi 81 t~x111L 

14. itzffli'xflJ~*l3JiJr~l't<J~j'[, ~~1iEftr, 
JiJr~ffi ~ffia1i31:ffiffim79jcf EiJZ~r-10v, /J,f EiJZ~r-9v; 
Ji)r~ffi~ ~ffia<J~11imm19AT~~r9V, /j\fEiJZ~rlOV 0 
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ti#~~ 
[ 0001] :;$: bt l3}j ~ ~ iJU tzv R ~F ~ :~~J1: ff ,fit :ff ii* ~Ji~ , jt ~tzv R - ;fqi * f;i t¥ffi ff fit :tta 1t 
Fzf*OO~ f'B<J1frt&*J'lo 

.:::11::..§§!_-f:±--,l,i 
~ .ffl-1.X/I'-

[ 0002J t¥m r¥ fit :tt * ffl t¥tJlfrtm ~J: Etg 1t 19 ~* a<J r¥fit-'ll 5r. , t¥m to t1J m:z rsJ ffl a ft FA~ 

~ o ~~:tAsITTrlti~ffit&JJQiE&i~~ f'1iz.At¥ffiq=i o ~ f'eP 1tfrt¥ffir¥fit:ttw~Fo, 1JJ~% 

1¥ ffi fr t¥ ffi q=i o ffi ~ i1Jfis rlti IJ!Ll frffi t&~ lli & IPJ ~ lli , :imrl ~~ ~ ~J:E i~ ~ f' tiz. t±H¥ tJlfr o E!3 r 
t¥ffiq=i ~ f'B<Jfil~mt, ~&$1JZITT ~WGffilt'td~ft%{~1iaf,r.FA*Emf¥~~ f', ~nx;~ f' Fzf o 
~~~f'Fzf%~miE~ITT~WGffi~~*,M®~~nmr¥~:ffITTtt~o~~§~*&~ffl 
:Qf ITT 31J-rt *fff4{k: ~ ~ l'PJ ~ o 

£l3)=)1AJ~ 

[0003] ~ ~r!lt, :;$:btl3}j ~~1Ju=r~1~ T -tir*~i¥ffif¥{it~-1,r.Fzf*OO~ f'ITT1ftt&* 
J'l , * It'~ a {tFzf * 001¥~ ITT~ f' , }AW m i'.k:-l~JtJHi ffl J§t¥tJlfr {¥{it :ff ·t1: 13~ a<J ;tt.ilHPJ ~ , ~ -tE: 1¥ 
ffi 1¥1it :ff ITT~ ffl *irI o 
[ooo4J ffi-1fOO, :;$:btl3}j ~~iJH~ftt T -tir*~t¥ffif¥fit:ff$l1,r.Fzf*OO~ f'B<J1ftt, 'El 
115: 
[ ooo5J xt JiJr ~ ~j( ffl :!:i q=i ITT~ & -~~ 1As ii WG * ~ & - ~Jj( W~ ITT 1¥fit -'ll 5r. J£ ff in lli ~53 
ffi~~*.MJ£inlli~-~~*filM~MJ£~&-~~ffliiWG*~&-~~ffl~ITTf¥~-'ll 
5r.ITTffi~~~ffi-~lli.~mJ£~&-~~ffliiWG*~&-~~ffl~q=iITTf¥~-'ll5r.ITT~~ 
~~ffi=~lli.mJ£ffi-~lliITT~ffi~rMJ£ffi=~lliITT~ffi,MJ£~&-~~ffliiWG* 
~&-~~ffl~q=tITTf¥~-'ll5r.ITT•~~~~~~o 
[ooo6J PT J&ITT, JiJrJ£ffi-~lliITT~11imm19:::k:rWGwr-1 v. /J"rWGwrov: 
[0001] Jifr5£ffi=~lliITT~{1iffim19:::k:rWGwr9V, /J"rWGwrlOY o 
[ooosJ PT ;l&ITT, JiJrJ£inlli~~ffi~~ftl:cj _t~~1tWG*ffif;i~1tfr~ -strsJ~J£ff o 
[ 0009 J PT ;l& ITT , xt JiJr J£ 1¥ tBJt r¥ fit :ff J£ 1r _t ~ ~ 1t fo in lli ~53 ffif;i ~ ft st , :tt 1~Hl5 ie. )R JiJr J£ 
~&-~~ffliiWG*~&-~~ffl~ITTf¥~-'llxITT~hlo 
[0010J PT ;l&ITT, xt;l& q=i ~ffl:!:i q=i ITT ;l& q=i ~ffl~ITT 1¥fit -'ll 5r.J£ffffi~~ft, JiJr3£;l& q=i ~ffl 
:!:iITT~Jj(:791 ~, Jifr3£;l& q=i ~ffl~ITT~"'~:791 ~ o 
[ oo 11 J PT ;l& ITT , fr JiJr 3£ ffi ~ ~ 1t rl ti q=i , xt JiJr 3£;l& q=i JJc ffl :!:i q=i ITT~ F ;l& q=i JJc ffl ~ ITT r¥ fit -'ll 
xJ£1r JiJrJ£inffi~53ffi~~1t: 
[0012J xt JiJr5£;l& q=i ~ffl:l:i q=i ITT;l& q=i JJctlrs~ITT r¥fit-'ll 5r.ITT ffit&~JJQffi - ~lli, xt JiJr3£;l& q=i 
~ffl:f1tq=tITT;l&q=t~ffl~q=tITTf¥~•5r.ITT~~~~*~~lli.MJ£ffi-~lliITT~ffimm~r 
MJ£ffi~~lliITT~ffiffim,MJ£;l&q=i~ffliiq=iITT;l&q=t~ffl~ITTf¥~-'ll5r.ITT•~~~~~ 
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[0013J Jifi~ffi-~ffl:5 JiJr~ffi=~ffITT &fRITTtBxtfifJJ\r Jifi~ffi ~ff '=J JiJr~ffi [9 ~ 
lli ITT &fR ITT tigx1uL 
[0014J PT m:;ITT ,JiJr~ffi - ~lliITT~fRm~7JArmt~-=r-10v, /J\rmt~r-9v; 
[0015] Jifi~ffi [9 ~ffis1Jj(mffi~7.1*rmt~r9v, /J,-=rmt~-=r10v 0 

[ oo 16 J ffi = 1f 00 , ,:zjs: R l3}j ~ JM iJH'R: f~ T - 1tt1 ~ ~ 1¥ ffl Yf fit ff$( ft.~* 00 ~ -=f s<J ~ l'i , fil 
trS: 
[ oo 11J ff:t ff $j53 m ri 1l:fik: , Jifi~ff:t ff $j53 mri 1l :fik: ffl -=r xt Jifi ~ ~ :rmJt q=r ITT~ J> - ~Jj:ffl :1:t mt 
~~J>-~~ffl:fik:ITTYf~-~*fiff:tffiHffi~~~,M~ff:tffHffi~~*filM~M~~J> 
-~~fflJimt~~J>-~~ffl:fik:ITTYf~$xITTffi~JM~ffi-~ff,~M~~J>-~~fflJi 
mt~~J>-~~ffl:fik:q=rITTYf~$xITT~~JM~ffi=~lli,m~ffi-~ffITT~ra~rM~ffi 
=~ff 01 Jj: m 0 

[0018] PT m:;ITT, JiJr~ffi-~lliITT~fRffi~7.1*rmt~-=r-1 v, /J\rmt~-=rov; 
[0019] Jifi~ffi=~ffITT~mm~7JArmt~r9v, /J\rmt~-=r10v o 
[ o o 20 J PT m:; ITT , ili fil tr1i _t ~ 1l :fik: tom~ m :fik: : 
[0021] Jifi~_t ~ 1l:fik:t0Jifi~mri1l:fik:5J\.i,1 '=J Jifi~ff:tff $j53ffi~1l:fik:t§a, ffl -=r JiJr~ff:tffi $j53 

-~~~~_t~~~mt~m~~~fr~-~OO~*fio 
[ 0022J PT m:; ITT , ili fil 1r1iicJ1Hl :fik: , Jifi ~ ic. iHl :fik: 5J\. i,1 ~ Jifi~ --1. ~ 1l :fik: to Jifi ~ ff:t ff $j53 m ri 
mtk:ffla,fflr~m~nmYf~ff*fi_t~~~®ffiHm~~~~.ilifilMhl~m~~& 
-~~fflJimt~~J>-~~ffl:fik:ITTYf~$xITT~hlo 
[0023J PT m:;ITT, Jifi~mrimtk:xt:lz!; q=r ~w:1:t q=r ITT m:; q=r ~ffl:fik:ITT Yffit $ x*fiffiri~ ft, 
JiJr~m:; q=r ~j:ffl Ji ITT ~~791 ~ , JiJr~m:; q=r ~ffl :fik: ITT~~ 791 ~ o 
[ 0024 J PT m:; ITT , Jifi~ m ri 1i :fik: fr Jifi ~ m ~~ft tt li q=r , Jifi ~ ff:t ff $j53 m ~ mxt Jifi ~m;; q=r ~ 
1fr5!f q=r ITT ~Fm:; q=r ~j(ffl:fik: ITT #fit$ x* fi JiJr~ff:t ffi $j53 ffiri ~ft ; 
[0025] Ji)r~ffiri1l:fik:xt p)r~m;; q=r ~ffl:l:t q=r ITT m:; q=r ~ffl:fik:ITT #fit$ XITT ffl~JMJWffi - ~ 
ffi,~M~:iz!;q=r~fflJiq=rITT:iz!;q=r~ffl:fik:q=rITTYf~$xITT~~JM~ffi[9~ffi,M~ffi-~ff 
ITT~fR ffi~ /J\r JiJr~ffi [9 ~ffi ITT~{i ffi~, JiJr~m:; q=r ~ffl:l:t q=r ITT m:; q=r Jj(:rfr5:fik:ITTYffit $ xITT 
~ 11k to 1,ffi 11k ~ ~ : 
[0026J JiJr~ffi-~ff~ Jifi~ffi=~ &ITT &raITTtBxtfR/J\r Jifi~ffi- ~lli~ Jifi~ffi[9 ~ 
ffi ITT~ fR ITT t{gx,t fR o 
[0027] PT:\z!;ITT ,Ji]r~ffi- ~ffITT~{iffi~7JATmt~r-lOV, /J\rmt~r-9V; 
[0028] JiJr~ffi [9 ~ffITT~fRm~7JArmt~r9v, /J\rmt~-=r1ov o 
[ 0029] ,:zjs: R l3}j ~ JM iJtl :tR: ,m ITT~ ri 1¥ ffl ff fit ff$( ft.~* 00 ~ -=f ITT 7J1i R~l'i , xt Ji]r ~ ~ ffl 
:ttq=r ITT ~&-~Jj(ffl:ttmt~ ~&-~~ffl:fik:ITTYffit$x*1-rff:tffi$j53ffiri~ft, ep xt~&­
~~fflJtmt~~&-~~ffl:fik:ITTYf~•xITTffl~JM~ffi-~ff, ~~&-~~fflJtmt~~ 
&-1~~:rm:fik:q=r ITT Yf fit$xITT ~~JMJJQffi=~lli, ffi-~ff ITT Jj(ra/J\rffi=~ff ITT ~fR, 
~&-~~fflJimt~~&-~~ffl:fik:q=rITTYf~$xITT~~®~~~~.~ITT*~'~fr~ 
~®ffl~~OO%~T-~~~.~~~7J~~M~~ffi~ffl~ITT,~~~-=f~¾a~~h 
ITT ft ffl r , }A~ 3f $( f,t ~ q=r 11t ti tB * , ~~ ~ j)'~ 3f $lit~ q=r AA ~E ITT jffl~ , M rm ~ik:-lfJtJHt ffl Fo 
1¥ ffl Yf fit ff ·ti. fJ~ ITT~ il! f PJ ~, ~ *i¥ffl Yf fit ff ITT ft ffl ~iP o 
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[0034J 00 5Jifr7Fjg,:zjs:1,t JYj g;triJHftl [9 tRdi¾Bt-;frfi-t;:rit¥8fffit~$l f,tm* 00 ~ -=f Bt ~lrBt 
~;MJ1FaOO o 

~ P-1-qt~iJ"~ 
[ oo35J r oo ta ir j)ft oo tog; iJffi 1Jtl xi* 'jj:_ JYj ft* - tl5- ITT w £m m JYj o PT~ rJ. m4 ITT¾ , Af: ~Jitr m 
~ ITT Jl f* g; mE 1Jtl{R {R }=l=lT ffi4 ~* 'jj:_ JYj , rm ~F xi* 'jj:_ JYj ITT ~~ JE O 5j :7r :iE ~ ~ 1£ JYj ITT¾ , jg T ~ 
rti's~, j)ftOO q:tfx7Ft±:l T ~,:zjs:'jj:_JYj ;t§~BtW5J\. ffiJ~F~Wta;MJ 0 

[0036] g;jjffi 1Jtl-
[ o o 37 J 00 1 jg* 'jj:_ JYj g; iJffi 1Jtl :rid~ ITT - :frr -t;: Pit¥ 8 ff fit~• it~* 00 ~ -=f ITT 1f tt Bt mtl'f 1F 

aoo.~~•PT~~*~n&ff~~•1tm*oo~-=r-ITT~•*~fr.~q=i~~•PT~~# 
to;~~ f 4= * g; :EJJl , Jl 1* E tJS~□ r tl5-~i = 

[ 003s J xi Jifr ~ JJ1J@:tt q:i Bt ~ d> - '4--~ ffl :ti~ it~ d> - '1'-~ ffl J3( ITT ff fit J'i'l 5r. :itt ff 1ft ffi 5:J~ 

-~~{to 
[0039] t15-~11O, :mffi5J~-~~{tEtJSxi~d>-'1'-~ffl:tt~ir ~d>-'1'-~1frs}3(ITT ff fit-'¥ 
5r. ITT fflr tllZ ME JJ□ * - ~ ffi o 
[ 0040 J t15-~J 12 o, xi~ d> -'1'-JJc ffl :tt ~it~ d> - '1'-~ ffl J3( q:i ITT ff fit J'i'l 5r. ITT~ Jt£ mE JJ□ * = 
~ffi, *-~ffiITT~f1UJ,r*=~ffiITTJJcf]1[, ~d>-'1'-~1As:ti~ir ~d>-'4'-~1~}3(9==1 ITT ff 
fit J'i'l 5r. ITT tJJH& lo fjiH& ~ ~ o 
[oo41J tE,:zjs:g;MEfftl q:i, t¥8fffit~EtJS$1'fffitJ¥5r., PT ~5J\.jgltl5J"jg$'1'-JJcffl:!:t, ~­
'1'-~ffl:ttPT ~~*jg$'1'-~ffl}3(, ~-'1'-~ffl}3(pJ ~ ~*jg$'1'-~fflm, ~-'1'-~fflmPT 
~ lLl* jg $'1'-ff fit-"l'l 5r. o 
[0042] tE,:zjs:g;jJffiq:i ,~ §i!.002,i¥8fffit~filtJS-='¥:~f*~n£1,~t1,z2,tffit&3,~~~-{,t~4, 
t¥ .mr 5 , ~ raJ t~ ~~ ~ 6 , E2 tu .mr 1 ~ 1z. :r~ tu a 1 * oo ITT ~ ~ m mr t& s O ~ ~ • f,t m ITT ;t,t ;fGI-J1; ~ PT 
~ ¾$l f,t tl "m f,t tl~ ::tr• f,t tttO m {t tl ITT ~m O 1±¥¥8 ff {it~ ITT ft ffl ttfi, ft~ f_'f ~ft ITT 
ttfi q:i, ~-=f M.~~•1tm:lttAf1Jt¥1ffit9==1, ffl rfffit~1As o tE•ri~ftITT ttfi q:i, ~ -=f hU¥ 
17lfr~tt~~-{t~~~~~~n£MttITT~~otE$~ITT~~~~~-~~~m.~~-{t 
~q:i¾tB~-®AA~.~®AA~tE~-=f:lttt±:l~~-{tmITT~~¾~AA~M~~.Mrm%~ 
~-=fmo~rn17lfrff~~~~¾*ffln1ffitq=iITT~-=f*~~~~ffi~ffi,W~~~-{t~q:i 
ITT~-=t-m~~¾~ff~~ITT~$tt~~~~~o,:zjs:'jj:_JYjg;ME~m~ITT-t;:~n8ff~~-{t 
~*OO~-=fITT1f~.~M~~ffl:ttq=iITT~d>-'1'-~ffl:tt~ir~d>-'1'-~ffl}3(ITTff~-"l'l5r.:ltt 
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ff in ff Jj53 ffi ri •1t , ep x1 _¥ & - -t-itrlr5 j:f EPG ~ _¥ & - 'i'-J3t w :tk: ITT ff fit• 5L ITT mt& JJH1 t□ ffi -
~ff,~_¥&-'i'-~ffl*EPG~_¥&-'i'-~ffl:Jik:q:tITTffM•~ITT~~JJH1~ffi=~ff,ffi-~ 
ff ITT~ {J1UJ, r ffi = ~ ff ITT Jj( {I , _¥ d> -'i'"i3t ffl j:f Q.!Z ~ _¥ d> -'i'"~ ffl :tk: q:i ITT ff fit• 5G ITT~ tlt 
to iffi t& ~ ~ , }~, ITT *iJl , ~ft~~ tom 11tzJaJ m JvZ T -,t-~ j:m , * ~ j:m 1f 1PJ ~JA~ ~ m 1PJ ;J;Jlfr 

tltITT, fz9Jlt~ rf]!¾ft~JmhITTftJ=lrF, JArf V.{tfilq:tiBz1irtB*, ~£~rf V.1t.filq=iAA~e 
ITTw:9t, fA1mfrlit.~*AA1ffflJ§t¥1ffiff{itfftl:i'f~81:ttill. r'PJ ~, M*i¥1ffiff{itffITT1iffl%irr o 
[0043] ~JJtl!~tl= 
[ 0044 J 00 3 79 * 1st l3}j ~ ME ~tl :tJt~ ITT-5fqi ~ ~ t¥1ffi ff 1i1 ff• 1t.fil * 00~r811f t! 81 wtflf 7F 
•ooo*~JJtl!mftL~~~mITT~~L,~kTfftffiHffi~-*~L~-*ft~-~00~ 
:ltt ff , :tm 00 3 Pfr7F , * 1ft! A 1:t fil trS~□ r w JJI: 
[ oo45J w JJI 21 o, x1 J=ifr ~ ~ ffl j:f q:i 81 _¥ & - -t-tt1Jlr5 j:f Q.!Z ~ _¥ &-,t-~ ffl:l:J<: ITT ff fit• 5t:ltt 
fifftffHffi~•*,fftffHffi~•*filffi~_¥&-'i'-~ffl*!!.1Z~_¥&-'i'-~ffl:tk:ITTffM• 
5GITT1ffit&~~ffi-~ff.~_¥&-'i'-~ffl*~~_¥&-'i'-~ffl:Jik:q:tITTffM•5tITT~~JJH1~ 
ffi =~ff , ffi-~ ff ITT~ 11UJ, r ffi =~ff ITT ~rn , _¥ d> -,t-Jj( ffij:f EPG ~ _¥ & -,t-Jj( 11r5:tk: q:i 
ITTffM•5tITT~t&~~t&~~,fftffHffi~-*~L~•*ft~-~OO~:lttfio 
[oo46J PT iztITT, ffi-~ff81J3t{i1im~79Jcrmt~-=r-1 v, /J,r~~-=rov: ffi=~ffITT~{l 
m~79ATEPG~r9V' /J,-=f!!.lZ~rlOVo 
[ 004 7] ft*~ ME ~tl q:t ' L ~ •1t ~ m ~t¥m ff fit ff t* L "H* ~~ITT i1f¥ 0 t¥ m ff fit ff ITT 
~tLlff-JIBz¾izt.I:OCv&t~tLl•JL (Microcontrol ler Unit, MCU) , MCUrm:~;~.H'*ITT ~ff 81 Jj({J1ijc 
g~)'gl. 8V o L~ ITTi1flf~t~,1H*~~1~~MCU~~ ,MCU~~~ff fl§ ~t*iLlt¥1ffiff1itff81i1flf o 
L~ll~ff~ITT~OOPT~izt~~WmffM•:lttfffftffHffi~-*'~~~00,~~~~T 
ftfftffHffi~•*mJvZITT~~hITT*fflr,JA~v•ttmq=i~fitB*,&~~v•1tmq:i 
AA~ITTw:9t,Mrmfrlit.~*AA~fflJ§W1ffiffMfftt~ITT:ttill.~~,fil*nmffMffITT~ffl% 

[ oo4sJ w JJJ220, x1t¥ m ff 1it ff* ff L ~ •1t to in ff Jj5.l ffi ~•ft~ , icJR_¥ &-'i'-~ w :1:1 
EPG~_¥&-'i'-~ffl:tk:ITTffM•5tITT~hlo 
[ 0049 J a*~ JJH1 ~tl q:i , ~ r1-JIBz ¾ xi t-¥ m ff fit ff ITT ff fit ti: i'f~ ~tl ~□ ~ 1r ~& :t~ tB ~ * o ~13 
¼ t¥1ffi ff 1it ff ITT~ 1r~&~ ,~ ITT iE, in ff~ ffi~ ITT •ft ITT• {ir wt~ ~/J, o bt ~□ iJl , L ~ i1f¥ 
q:i,~tt~-'i'-~ffl:tk::lttfifftffHffi~-*'~¼~fi~&Jcr~r$'i'-~ffl:tk:mt~~ffl 
j:f :lttfi in ff Jj53 ffiri •1t o A 1:t ITT , PT~ :rtz w xtr ff fit ff ITT ·t~ i'f~ rm **ff § ff izt tl o rm ic~ r 
~hl.~~1f~r-~L~ITT~~~r~~ffM•5t~~:lttfiinffHffi~ffi~o 
[ 0050] * 1st l3}j ~ ~ ~tl L ~ i1fiff ~i ITT st fa] pJ ~ m:; 1lx1t¥ m ff {it ff :lttfi in ff Jj53 -~ •1t , 
~~~oo.~~~~rafftffHffi~•*mJvZITT~~hITT*fflr,M~v•ttmq=i~fit±:l 
*, ~£ ~ ~~ V • 1t.m q:i AA~e ITT tm:9t, fA rmffr~l)<:*Jl:A ~ ffl J§t¥m ff fit ff ·t~ i'f~ ITT :ttill. i'PJ ~, fil * 
1¥ m ff 1it ff ITT 1i m % mr 0 

[0051] ~JJtl!~tl-
[ 0052] 00 4)9 * 1st l3}j ~ JJtl1 ~tl 1~~ ITT-;fqi ~ ~ t¥m ff fit ff. ttm * 00 ~ T ITT 1f t! ITT tlrtflf 7F 
•ooo*~JJH1mi=EL~~JJH1mITT~~L,~kTfftffHffi~-*~L~-*a~-~OO~ 
:lttfi, ~D004J:ifr7F, i~1ft!A1:tfiltr1i~Dr wJJI: 
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[oo53J :;lv~310, inlli.u5.l•~•ft~•~•ftfr~ -straJN:ilHr o 
[0054 J :;lv ~f 320, x1:izt q=i ~1m:tt q=i l¥J Jzt q=i ~ffl:iik: a{} ff fit• 5r.:lttff •Pi •1t, :izt q=i Jf w:1:t a{] 

'i'-Jf Jg 1 '1'- ' jzt q=t Jf 1/25 :tik: Ef{_J '1'-~ Jg 1 '1'- 0 

[oo55J Aq=i, fr•Pi.1ttlfi q=i, x1:izt q=i ~ffl:l:i q=i l¥J ~F:izt q=i~ffl:iik:1¥1 fffit.5r.:lttfrinlli 
H•~•~;m:iztq=i~ffl:ttq=i1¥J:iztq=i~ffl:iik:1¥Jff~•5r.1¥Jfflr~JJffi~ffi ~lli,m:iztq=i~ffl 
:ttq=i1¥J:iztq=i~ffl:fik:q=t1¥Jff~•5r.1¥J~~~~m~~lli,ffi-~ffi1¥J~mmm~rffi~~lli 
1¥J~mmm,Jztq=i~ffl:ttq=i1¥J:iztq=i~ffl:iik:1¥Jff~•5r.1¥J~~®~~~£;ffi-~lli~ffi= 
~llil¥J "&u'il¥Jt~x111-fJJ,rffi - ~lli ~ffi ~ ~llil¥J "&{1ia{Jt~x1{1io 
[oo56J A q=i , x1:izt q=i Jfffl:l:i q=i l¥J ~F:izt q=i ~ffl:fik:Et{J ff{it • 5r.:ltt1rinlli.u5.1•~•1t, inlli.u5.l 
• ~ •1t fil t! x1 :izt q=i ~ ffl :1:t q=i l¥J ~ F :izt q=i Jf 1Jrs :tik: a{] ff fit• 5r.1¥J m tlk~ JJ□ m-~ lli , x1 :izt q=i ~ 
ffl :l:i q=i l¥J ~ F :izt q=i Jf 1!is :tik: l¥J ff fit• 5r. Et{}~~~ JJo ffi = ~ ffi , ffi-~ lli Et{}~ f1i /J \ r ffi = ~ lli l¥J 
~til,~&-'i'-~fflJi~~~&-'i'-~ffl:fik:q=tl¥Jff~-7f.1¥J~~®~~~£o 
[0051] PT Jzti¥J, m-~ffia{J~f1imm79*r~~r-1 v, /J\r~~rov; m=~llil¥J~f1i 
mm79AT~~r9V' /J\r~~rlOVo 
[oo5sJ PT Jztl¥J, m ~llil¥J~ffimm79*r~~r-10v, /J\r~~r-9v; 
[0059] ffi~ ~llil¥J~f1imm79AT~~r9V, /J\r~~rlOVo 
[ 0060 J :;;t;: bt l3}j ~ JJffi iJH'Rd}t l¥J ~ ~ 1-¥ ffl ff fit ff¥( 1--tfil :zz 00 ~ -=f' l¥J 1f 1! , x1 r ~ q=i Jf ffl :iik: l¥J 
ff fit. 5r. , fr ffi - ~ lli ~□ ffi ~ ~ lli % PX a{]~ :1:m T , pJ Ll 1& tA 1r• Pi. ft O ~ !1:1:: ~ st ' x1 T ~F 
:izt q=i ~ 1!is :tik: l¥J ff {if• 5r. , fr ffi-~ lli ~□ ffi = ~ lli% PX 1¥1 ~ :i:m T , ~ -=f' fr ~ :i:m 1J 1¥11t ffl T , ),}_ 
~~-~filq=t~~lli*,~~~~-~filq=iAA~1¥JM~,MWm~*AA~ffl§nfflff~ff 
·t~l'f~l¥J~il3,fJ:iJ ~, ~*1-¥fflrfffit~l¥J1lffl*ifu- o 
[0061] tlfi~iJll3}j 1¥1 ¾, *btl3}j ~JJffi1Jtlt~1~1¥J ~Pi1¥fflf¥fitff¥t1-tfil:zz00~ -=f'l¥J1fi!, PT 
Ll¾~~tl~inlliH•~-~~~:lttfr,fr§~l¥J-~-~tl~q=i,PTLl~~:lttffinlliH 
-~-{to 
[0062] ~~iJtl~ 
[ 0063 J 00 5 fifr ~Jg* bt l3}j ~ ME iJLl ~ ti~ 1¥1-lrfi ~ Pi 1¥81f fit ff¥t 1-tfil :zz 00 ~ -=f' l¥J *l'i 1¥1 
~;ttJ~,ii 00, ~*l'i PIES 1il1tf:~:EJJl, 1z□ 005fifr~, -i~*J!filt!: 
[0064] inlli.u5.l-~i'l:iik:410, inffi.uSJ.Pii'l:iik:410fflrx1 ?frff~ffl:l:i q=t 1¥J ~&-'i'Jfffl:l:t 
~~~&-'i'-~ffl:iik:1¥Jff~•5r.*1rinffiH•~•~,fftlliH•~•~filmm~&-'i'-~ 
ffl:ti~~~&-'i'-~ffl:fik:1¥Jq~-jr.1¥Jfflr~ME~ffi-~lli,m~&-'i'-~ffl:ti~~~&­
'1'-~1Jrs:iik: q=i l¥J ff fit• 5L l¥J ~ ~~JJoffi = ~ lli , ffi-~ ffi l¥J ~ 11-L/J\ r ffi = ~ lli l¥J ~f1i o 
[ oo65J * bt l3}j ~ ME iJLl tR:·-m l¥J ~ Pi 1¥ mt ff fit ff• 1-tfil :zz 00 ~ -=f' l¥J *l'i , 3m ti in ffi .u5.l .Pi~ 
:iik:41 o, x1 fifr ~ Jf ffl :1:t q=i l¥J ~ &-'i'Jf ffl :1:t ~ ~ ~ &-'i'-~ ffl:iik: l¥J ff fit• 5r.:ltt fr in ffi .u5.l • 
~-~.~m~&-'i'-~ffl:tt~~~&-'i'-~ffl:iik:1¥J1¥~•5t1¥Jffl~ME~ffi-~lli,m~ 
&-'i'-~ffl:ti~~~&-'i'-~ffl:fik:q=tl¥Jq~-5Ll¥J~~~~ffi=~lli,ffi-~llil¥J~ffi~ 
rffi=~lli1¥J~ffi,~&-'i'-~ffl:tt~~~&-'i'-~ffl:fik:q=t1¥Jf¥~•5r.1¥J~~®~~~ 
£, -~,1¥J*i~ ,¾fr~~~□ffltlkzra:1%.JvG T-'i,~tm, ~~tm1f1PJ¾M~~t~1PJffl1&1¥J, IE! 
!lt ~ -=f' if:~ fr~ :i:m 1J 1¥1 ft ffl T , J.Ar~ ~ • 1--t~ q=i 1BtriL lli * , m~ ~ ~ ~ • 1-t~ q=i AA pt§!¥] M~ , 
Mffim~*AA~ffl§nfflff~~tt~1¥J~m,~~'~*nffl1¥~ffl¥J~ffl*ifu-o 

8 

IPR2024-00793 Page 192



CN 109390012 A 6/6 91 

[oo66J PT ~1¥1, ffi-~ffil¥1~f1imm 7'1::k:r~~-=i=--1 v, /J"r~~-=i=-ov; 
[0067] ffi=~ffi1¥JJ1f1imm79::k:r~~r9V, /J\r~~rl0Vo 
[0068] ftL:i£nz#1f~B1~utlLt., pJ ~B<J, it~J'I:lffiltrSL~1~~42O)f0~~t~~43O; _t 

~ m~420 lo~~* 1~~430 n'- JJIJ ~ m ffi $j5.l ~ ~ t~ ~41 ot§ ~ , m rm ffi $j5.l ~~*~ft~ --1. ~ ~ 
ft~~~~~ft:a:rPJ-straJ~filfr o 
[oo69J PT ~1¥1, :a:--1.J£vz#1f~1¥J~iili_t, it~J'l:lffil:tr1iic.~1~~440, ic~1~~4405J'-JJ1J 
~ _t ~ 1~~4 20 lo ff! ffi $j5.1 ~~ t~~410;t§ ~, ffl r x1t-¥tJIB-r¥fit ~ fil fr _t ~~ft lo ff! ffi $j5.1 ~ ~* 
~~~,:lffilMhl~~&-~~ffl:ti~~~&-~~ffl~l¥Jr¥ffl.xl¥J~hlo 
[0010J PT ~1¥1, :a:--1.J£vz#1f~1¥J ~uili--1., ~~t~~43oxt~q:i J1ffl:ti q:i 1¥J~q:i J1ffl~l¥1 
r¥fit•xfil1r~~i~ft, ~q=i~fflj:f1¥J~J1)1gl'i"", ~q=i~ffl~B1 ~~791 ~ o 
[0011J PT ~a<J, :a:--1.J£vz#1f~a<J ~uili--1., ~~*1~~430:a::ttHi~ftttli q:i, ff!ffi.$j5.l~~* 
mx1 ~ q:i i1tJi5 Ji q:i 1¥1 ~ F ~ q:i ~ 1h5 ~ a<J r¥ f* • x fil fr ff! ffi $j5.l ~~*~ft ; 
[0012J ~~i1~~43oxt~q:i ~tJi5:ti q:i 1¥J~q:i J1ffl~1¥Jr¥f*•x1¥J,mtt&J1tt1JJQffi ~ffi, x1 
~ q:i ~ 1h5 j:f q:i 1¥1 ~ q:i ~ ffl ~ q:i 1¥1 r¥ f* • x 81 ~ ~ J1tt1 )]Q ffi IL9 ~ ffi , ffi - ~ ffi 81 ~ u1i ffi m /j \ r 
ffi[9~ffi1¥J~mm:m,~q=i~ffl:tiq=i1¥J~q=i~ffl~1¥Jr¥ffl•x1¥J~t&~~t&~~; 
[0073] ffi-~ffi ~ffi=~ffilfl &f1iB1~Bx1f1i/J"rffi- ~ ffi.~ffi[9 ~ffilfl &f1iB1~Bx1mo 
[0014J PT ~1¥1, :a:--1.J£vz#1f~1¥J ~uili--1., ffi- ~ffil¥1J1f1imm 7'J::k:r~~-=i=--10v, /J\r 
~~r-9V; ffi[9 ~ffil¥JJ1f1iffim :1/g:;k:f~~r9V, /J\r~~rl0Vo 
[0015] --1.J£~Jitl1 wtl q:i t~fi¾a<J *~t-¥,mtr¥fit~iut~ * oo ~-=t-1¥1 ~l'[ PI1A1r*1st ~ 11:• 
~J1tl!~mm~l¥1*~nmr¥ffl~•~m*®~-=t-1¥11f~,A4~1r~1f~fflEl¥1~~m~ 
~~~~*o*ft_t:i£~~~q:iWgffl:i£1¥Jtt#~~,PT~fil,:zjs:1st~ff-~J1tl!~mm~l¥1 
*~n,mtr¥ffl~-~m*®~-=flfl7f~o 
[0016] tt•, --1.J£1sz.79,:zjs:1st~ 1¥J~f:t~~wtl2zJiJriEffltt#~:1:1L*1F1~nz*Atn~:1:1.~, 
*~~~~-=i=-~mmJ£1¥J~~~Jjtl1~,~*~~nz*Aln*~~~*1r~#~B1¥J~~, 
1!!m ifii.l ~, t§ Ji ta it lo ff 1~ rm~~ n£ ~*1st aJi 1¥1 f:!f:tft m: m o ~ Rt , l!l ~:im tt ~ _t ~ J1tt11Jtl xi* 
1st~ filfr T t1)1g w tffi 1¥1 ~ ~ , 1s ~*1st~~ fx fx ~~ r ~ _t~ J1tt11Jtl, :a:~ n£ ~*1st~ 1iJ ,1~, 1¥1 
tt {)L --r , :lf PT ~ fil :ti 1! $ ~ fm ~ ~t ~ J1tt11Ytl , rm* 1st~ 1¥1 m: m rn JiJr ~t 1¥1 tx lLl ~*mm~~ o 
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c;~-1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 5773 
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Transmitted herewith for appropriate action are the following documents: 
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2. Form PTO/SB/08a (1 sheet) listing 8 documents (US1-US5 and FP1-FP3); and 

3. Copies of cited documents (FP1-FP3). 

In the event that extensions of time are necessary to prevent abandonment of this patent 
application, then such extensions of time are hereby petitioned. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, 
or credit any overpayment, to our Deposit Account No. 19-0036. 

M-Y/jcb 
Enclosures 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Min Yang/ 

Min Yang 
Agent for Applicant 
Registration No. 78,149 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: CHEN et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: 16/729,838 

Filing Date: December 30, 2019 

Confirmation No.: 5773 

Art Unit: 2827 

Examiner: LE, THONG QUOC 

Atty. Docket: 4123.0850001 

Title: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Information Disclosure Statement 

Mail Stop Amendment 

Listed on accompanying IDS Form PTO/SB/08a are documents that may be considered 

material to the patentability of this application as defined in 3 7 C.F.R. § 1. 56, and in compliance 

with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 and 1.98. 

Applicant has listed publication dates on the attached IDS Form based on information 

presently available to the undersigned. However, the listed publication dates should not be 

construed as an admission that the information was actually published on the date indicated. 

Applicant reserves the right to establish the patentability of the claimed invention over any 

of the information provided herewith, and/or to prove that this information may not be prior art, 

and/or to prove that this information may not be enabling for the teachings purportedly offered. 

This statement should not be construed as a representation that a search has been made, or 

that information more material to the examination of the present patent application does not exist. 

The Examiner is specifically requested not to rely solely on the material submitted herewith. 
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Applicant has checked the appropriate boxes below. 

D 1. Statement under 37 C.F.R. l.704(d). Each item of information contained in this Information 

Disclosure Statement: (i) was first cited in any communication from a patent office in a 

counterpart1 foreign or international application or from the Office; and this communication 

was not received by any individual designated in Sec. 1.56( c) more than thirty days prior to 

the filing of this information disclosure statement; OR (ii) is a communication that was 

issued by a patent office in a counterpart foreign or international application or by the 

Office, and this communication was not received by any individual designated in Sec. 

1. 56( c) more than thirty days prior to the filing of the information disclosure statement. 

1:8:12. Filing under 37 C.F.R. § l.97(b). This Information Disclosure Statement is being filed 

within three months of the date of filing of a national application other than a continued 

prosecution application (CPA), OR within three months of the date of entry of the national 

stage as set forth in 3 7 C.F .R. § 1.491 in an international application, OR before the mailing 

date of a first Office Action on the merits OR before the mailing of a first Office Action 

after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement 

or fee is required. 

D 3. Filing under 37 C.F.R. § l.97(c). This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date AND after the mailing date of the first Office 

1 The term counterpart foreign patent application means that a claim for priority has been made in 
either the U.S. application or a foreign application based on the other, or that the disclosures of the 
U.S. and foreign patent applications are substantively identical ( e.g., an application filed in the 
European Patent Office claiming the same U.K. priority as claimed in the U.S. application). 

Atty. Dkt. No. 4123.0850001 
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Action on the merits, but before the mailing date of a Final Rejection, or Notice of 

Allowance, or an action that otherwise closes prosecution in the application. 

D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

D c. The required fee is provided through online credit card payment authorization in the 

amount of $260.00 in payment of the fee under 37 C.F.R. § l. l 7(p). 

D 4. Filing under 37 C.F.R. § l.97(d) This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date and after the mailing date of a Final Rejection or 

Notice of Allowance, but on or before payment of the Issue Fee. The required fee is 

provided through online credit card payment authorization in the amount of $260.00 in 

payment of the fee under 37 C.F.R. § l. l 7(p ); in addition: 

Atty. Dkt. No. 4123.0850001 
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D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

r8J 5. The patent family for one or more foreign language documents submitted herewith includes 

a United States patent, and other patent, in the English language. Copies of both the 

particular foreign patent(s) or published foreign patent applications cited in the foreign 

patent office communication, and that are not already of record in this application, are 

enclosed. Copies of the related United States or other English language patent or published 

application from the family list, if not already of record, are listed on the accompanying 

SB/08A form. For the purposes of a statement under 37 CFR l.97(e)(l), the United States or 

other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 

Atty. Dkt. No. 4123.0850001 
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D 6. The document(s) was/were cited in a search report by a foreign patent office in a counterpart 

foreign application. Submission of an English language version of the search report that 

indicates the degree of relevance found by the foreign office is provided in satisfaction of 

the requirement for a concise explanation of relevance. MPEP 609.04(a)(III). 

1:8'.l 7. A concise explanation of the relevance of the non-English language document(s) appears 

below in accordance with 37 C.F.R. § l.98(a)(3). 

Document FP3 (CN 109390012 A) appears to describe a "method and apparatus for 

removing electrons from oxide layer surface of floating gate memory," as noted in the 

attached English-language translation of the abstract. 

Document USl (2012/0275223 Al) is submitted herewith as the English-language 

counterpart of document FPl (CN 102760490 A). 

Document US5 (10,121,554 B2) is submitted herewith as the English-language counterpart 

ofdocumentFP2 (CN 108140415 A). 

1:8'.18. Copies of documents FP1-FP3 are submitted. However, in accordance with 37 C.F.R. § 

l.98(a)(2)(ii), no copies of the U.S. patents and patent application publications cited as 

documents US1-US5 on the attached IDS Form are submitted. 

D 9. Copies of the _________ documents were cited by or submitted to the Office 

in an IDS that complies with 37 C.F.R. § l.98(a)-(c) in Application No. , filed -----

_____ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

copies of these documents are not attached. 37 C.F.R. § l.98(d). 

Atty. Dkt. No. 4123.0850001 
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D 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No(s). in accordance with MPEP 2001.06(b), and 
----------

indicate in the next communication from the office that the art cited in the earlier 

prosecution history has been reviewed in connection with the present application. 

D 11. Applicants submit herewith Office Actions from the co-pending U.S. Patent Application 

No. , filed , as documents to ------ -------- ----- -----

The identification of these Office Actions is not to be construed as a waiver of secrecy as to 

those applications now or upon issuance of the present application as a patent. The Examiner 

is respectfully requested to consider the cited applications and the art cited therein during 

examination. 

Atty. Dkt. No. 4123.0850001 
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It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS 

Form, and indicate in the official file wrapper of this patent application that the documents have 

been considered. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

credit any overpayment, to our Deposit Account No. 19-0036. 

Date: October 16, 2020 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 
15719180 l.docx 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Min Yang/ 

Min Yang, Ph.D. 
Agent for Applicant 
Registration No. 78,149 
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DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

1. Pre-amendment filed on 01/31/2020 has been entered. 

2. Claims 1-20 are presented for examination. 

Claim Rejections - 35 USC § 102 

Page 2 

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

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 

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 -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on 

sale, or otherwise available to the public before the effective filing date of the claimed invention. 

Claim1-3, 7, 9 are rejected under 35 U.S.C. 102(a)(1) based upon a public use or 

sale or other public availability of the invention by Lee (Pub. U.S. 2019/0333590). 

Regarding c!aim i, Lee disdoses a method for conducting a read-verification 

operation on a target memory eel! ([006"1-0062], target cell in fig.6) in a three­

dimensiona! (3D) memory device (Figure 6), comprising: 
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rernoving fast charges or the target memory cell at a read-prepare step ([0064-

0071], comprising: 

applying a prepare voltage (Vprepare) on an unselected top select gate 

(Unsel_ TSG) of an unselected memory string ([0066], Figure 8, (Unse!) DSL,SSL); 

applying a rirst oH voltage (Voff) on a selected vvord line (Se! WL) associated with 

the target memory cell (Figure 8, GWL, LWL,[0067]); and 

applying a pass voltage (Vp;~ss) on an unselected word line (Unsel _WL) (Figure 

8, 81 ,[0067-0068]; and measuring a threshold voltage of the target memory eel! at a 

sensing step ([0038],[0046],[0049-0050]). 

Regarding claim 2, Lee discloses further comprising: applying a top select gate 

voltage (Vtsg) on a selected top select gate (Se!_ TSG) of a selected memory string 

containing the target memory eel! ; and applying a lower select gate voltage (Vtsg) on a 

lower select gate (LSG) of the selected memory string containing the target mernory eel! 

(Figure 8, (Se!) DSL, SSL). 

Regarding claim 3, Lee discloses wherein applying the top select gate voltage 

(Vtsg) comprises electrically connecting the selected memory string to a bit line (Figure 

7, BL); and applying the lower select gate voltage (Vtsg) comprises electrically 

connecting the selected memory string to an array common source (Figure 7, [0061-

0062], example a selected eel!). 

Regarding claim 7, Lee discloses wherein measuring the threshold voltage 

comprises applying a read voltage (Vread) on the selected word line (Se!WL) ([0040]). 

Regarding claim 9, Lee discloses wherein applying t11e read voltage (Vread) 
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comprises applying a second off voltage (Vpass) on the unselected word !ine 

(Unsel_WL) ([0040]). 

Allowable Subject Matter 

Page 4 

3. Claims 4-6, 8 -10-20 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Claims 4-6, 8, 10-20 include allowable subject matter since the prior art made of 

record and considered pertinent to the applicant's disclosure does not teach or suggest 

the claimed limitations. The prior art does not teach the claimed invention having 

w!1erein applying the top select gate voltage (Vtsg) comprises applying a voltage 

between 4V to 7V, and wherein applying the lower select gate voltage (Vtsg) comprises 

applying a voltage between 4V to 7V, and wherein applying the pass voltage (Vpass) 

comprises applying the pass voltage with a delay period after the selected top select 

gate (SeL TSG) and tile lower select gate (LSG) are at the top select gate voltage 

(Vtsg) and the lower select gate voltage (Vtsg), respectively. and wherein applying the 

read voltage (Vread) cornprises applying a voltage betvveen 0 to 2V 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to THONG QUOC LE whose telephone number is 

(571 )272-1783. The examiner can normally be reached on 7:30AM-5:30PM. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 
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interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Amir Zarabian can be reached on 571-272-1852. 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 https://ppair­

my.uspto.gov/pair/PrivatePair. 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. 

/THONG Q LE/ 
Primary Examiner, Art Unit 2827 
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Reply to Office Action of October 20, 2020 Application No. 16/729,838 

Remarks 

Reconsideration of this Application is respectfully requested. 

Claims 1-20 are pending in the application, with claim I being the sole independent claim. 

No amendment is made herein. 

Based on the following remarks, Applicant respectfully requests that the Examiner 

reconsider all outstanding objections and rejections and that they be withdrawn. 

Rejections under 35 U.S.C. § 102 

Claims 1-3, 7 and 9 are rejected under 35 U.S.C. § 102(a)(l) based upon a public use or sale 

or other public availability of the invention by U.S. Publication No. 2019/0333590 to Lee ("Lee"). 

Applicant respectfully traverses these rejections. 

Independent claim I recites, inter alia, "applying a prepare voltage (Vprepare) on an 

unselected top select gate (Unsel_ TSG) of an unselected memory string." The Office Action relies 

on Lee's Figure 8 to allegedly disclose the above distinguishing features of claim 1. However, at 

time Tl, Lee makes "all of the drain and [source] select lines DSL and SSL coupled to the memory 

blocks float." (Lee, iJ[0067], FIG. 8. 1
) Lee's "drain and source select lines (Unsel) DSL and SSL 

included in the unselected memory blocks are left floating, so that the drain and source select 

transistors included in the unselected memory blocks remain turned off" (Lee, iJ[0071], FIG. 8.) 

Lee only applies "a positive precharge voltage Vpre" to the bit lines BL. (Lee, iJ[0066], FIG. 8.) 

Thus, Lee does not disclose or suggest "applying a prepare voltage (Vprepare) on an unselected top 

select gate (Unsel_ TSG) of an unselected memory string." 

1 Emphasis added unless noted otherwise. 
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Lee, FIG. 8 (annotated). 

In addition, claim I recites, inter alia, "applying a first off voltage {Val[) on a selected word 

line (Sel _ WL) associated with the target memory cell; and applying a pass voltage (Vpass) on an 

unselected word line (Unsel _ WL) ." However, Lee applies the pass voltage Vpass of a positive 

voltage "to the global word lines GWL," and "[b]ecause all of the pass switch circuits are left 

enabled, when the pass voltage Vpass is applied to the global word lines GWL, the pass voltage 

Vpass is transmitted to all of the local word lines LWL." (Lee, iJ[0067], FIG. 8.) Therefore, Lee 

does not apply different voltages to the selected and unselected word lines during the channel 

boosting operation between time Tl and T3. 

Accordingly, Lee does not disclose or teach the distinguishing features of claim 1. Appellant 

respectfully request the rejection to be reversed and independent claim I be passed onto allowance. 

Atty. Dkt. No. 4123.0850001 
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Dependent claims 2-3, 7 and 9 should also be found allowable because they recite all of the 

features of claim 1, from which they respectively depend, as well as for their additional 

distinguishing features. 

Allowable Subject Matter 

Claims 4-6, 8 and 10-20 are objected to as being dependent on a rejected base claim, but 

would be allowed if rewritten in independent form including all of the limitations of the base claim 

and any intervening claims. Applicant thanks the Examiner for indicating the allowable subject 

matter, but declines to make these claims independent at this time based on the arguments above. 

Applicant agrees that the claimed subject matter is patentable. However, Applicant takes no 

position regarding the reasons for allowance presented in the Office Action other than the positions 

Applicant may have previously taken during prosecution. Therefore, the Examiner's Reasons for 

Allowance should not be attributed to Applicant as an indication of the basis for Applicant's belief 

that the claims are patentable. Furthermore, Applicant respectfully asserts that there may also be 

additional reasons for patentability of the claimed subject matter not explicitly stated in this record, 

and Applicant does not waive the rights to such arguments by not further addressing such reasons 

herein. 

Conclusion 

All of the stated grounds of objection and rejection have been properly traversed, 

accommodated, or rendered moot. Applicant therefore respectfully requests that the Examiner 

reconsider all presently outstanding objections and rejections and that they be withdrawn. Applicant 

believes that a full and complete reply has been made to the outstanding Office Action and, as such, 

Atty. Dkt. No. 4123.0850001 
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the present application is in condition for allowance. If the Examiner believes, for any reason, that 

personal communication will expedite prosecution of this application, the Examiner is invited to 

telephone the undersigned at the number provided. 

Prompt and favorable consideration of this Amendment and Reply is respectfully requested. 

Date: 1/19/21 

1100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 
15828914.4 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Status of the Claims 

This listing of claims will replace all prior versions, and listings, of claims in the application. 

1. (Original) A method for conducting a read-verification operation on a target memory cell in 

a three-dimensional (3D) memory device, comprising: 

removing fast charges of the target memory cell at a read-prepare step, comprising: 

applying a prepare voltage (Vprepare) on an unselected top select gate 

(Unsel _ TSG) of an unselected memory string; 

applying a first off voltage (Voff) on a selected word line (Sel_ WL) 

associated with the target memory cell; and 

applying a pass voltage (V pass) on an unselected word line (Unsel _ WL ); and 

measuring a threshold voltage of the target memory cell at a sensing step. 

2. (Original) The method of claim 1, further comprising: 

applying a top select gate voltage (V tsg) on a selected top select gate (Sel _ TSG) of a 

selected memory string containing the target memory cell; and 

applying a lower select gate voltage (Vtsg) on a lower select gate (LSG) of the 

selected memory string containing the target memory cell. 

3. (Original) The method of claim 2, wherein applying the top select gate voltage (Vtsg) 

comprises electrically connecting the selected memory string to a bit line; and applying the 

lower select gate voltage (Vtsg) comprises electrically connecting the selected memory string 

to an array common source. 

4. (Original) The method of claim 2, wherein applying the top select gate voltage (Vtsg) 

comprises applying a voltage between 4V to 7V. 

5. (Original) The method of claim 2, wherein applying the lower select gate voltage (Vtsg) 

comprises applying a voltage between 4V to 7V. 

Atty. Dkt. No. 4123.0850001 
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6. (Original) The method of claim 2, wherein applying the pass voltage (V pass) comprises 

applying the pass voltage with a delay period after the selected top select gate (Sel _ TSG) 

and the lower select gate (LSG) are at the top select gate voltage (Vtsg) and the lower select 

gate voltage (Vtsg), respectively. 

7. (Original) The method of claim 1, wherein measuring the threshold voltage comprises 

applying a read voltage (V read) on the selected word line (Sel_ WL). 

8. (Original) The method of claim 7, wherein applying the read voltage (Vread) comprises 

applying a voltage between 0 to 2V. 

9. (Original) The method of claim 7, wherein applying the read voltage (Vread) comprises 

applying a second off voltage on the unselected word line (Unsel_ WL). 

10. (Original) The method of claim 9, wherein applying the second off voltage on the unselected 

word line (Unsel_ WL) comprises applying a 0V. 

11. (Original) The method of claim 7, wherein applying the read voltage (Vread) comprises 

applying the read voltage (V read) when a voltage of the unselected top select gate 

(Unsel_ TSG) is higher than a threshold voltage of an unselected memory cell. 

12. (Original) The method of claim 7, wherein applying the read voltage (Vread) comprises 

applying the read voltage (V read) when a voltage of the unselected top select gate 

(Unsel_ TSG) equals to a threshold voltage of an unselected memory cell. 

13. (Original) The method of claim 7, wherein applying the read voltage (Vread) comprises 

applying the read voltage (V read) when a voltage of the unselected top select gate 

(Unsel_ TSG) is lower than a threshold voltage of an unselected memory cell. 

14. (Original) The method of claim 1, wherein applying the prepare voltage (V prepare) comprises 

applying a voltage between 4V to 7V. 
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15. (Original) The method of claim 1, wherein applying the first off voltage (Voff) comprises 

applying a 0V. 

16. (Original) The method of claim 1, wherein applying the pass voltage (V pass) comprises 

applying a voltage between 5V to 9V. 

17. (Original) The method of claim 1, wherein removing the fast charges comprises removing 

the fast charges from a storage layer of the target memory cell of a selected memory string, 

wherein the selected memory string comprises: 

a channel hole penetrating vertically through a film stack of alternating conductive 

and dielectric layers; 

a core filling film in a center of the channel hole; 

a memory film covering a sidewall of the channel hole, wherein the memory film 

comprises a barrier layer, the storage layer and a tunneling layer; and 

a channel layer sandwiched between the memory film and the core filling film. 

18. (Original) The method of claim 17, wherein removing the fast charges comprises removing 

electrical charges from shallow traps in the storage layer of the target memory cell. 

19. (Original) The method of claim 17, wherein removing the fast charges comprises removing 

the fast charges from the target memory cell to a neighboring unselected memory cell. 

20. (Original) The method of claim 1, wherein conducting the read-verification operation 

comprises conducting the read-prepare step and conducting a failed bit count in parallel. 
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PO Box 1450 
Alexandria, VA 22313-1450 
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The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, 
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Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
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recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 
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(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Wuhan, Hubei, CHINA 
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New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
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If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
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New International Agglication Filed with the USPTO as a Receiving Office 
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26111 7590 06/02/2021 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK A VENUE, N.W. 
WASHINGTON, DC 20005 

PATENT NO. 

11043279 

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

ATTORNEY DOCKET NO. 

4123.0850001 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

CONFIRMATION NO. 

5773 

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

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

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

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

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

Zilong CHEN, Wuhan, CHINA; 
Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 
Xiang FU, Wuhan, CHINA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 09/30/2025. 0MB 0651-0035 
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. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 16729838 
Filing Date December 30, 2019 

Zilong CHEN 
First Named Inventor 

Title METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Art Unit 2827 
Examiner Name THONG LE 
Attorney Docket Number 2018-00538-YMTC-PCT-US 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Mark C. Zimmerman/ Date (Optional) July 3, 2024 
Name Mark C. Zimmerman Registration 44006 

Number 

Title (if Applicant is a Attorney for Applicant 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) Yangtze Memory Technologies Co., Ltd. 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4( d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

D *Total of forms are submitted. 

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an information 
collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid 0MB Control Number. The 0MB 
Control Number for this information collection is 0651-0035. Public burden for this form is estimated to average 3 minutes per response, including the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information collection. Send comments 
regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the Chief Administrative Officer, United 
States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email lnformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Doc Code: PA .. 
Document Description: Power of Attorney PTO/AIA/82B (07-13) 

Approved for use through 09/30/2025. 0MB 0651-0035 
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 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

□ 

1 •mng Date 

(Note: The boxes above may be left blank if information is provided on form PTO/AIN82A.) 

I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s). and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PT0/AIA/82A) or identified above: I I 
OR 34431 

'--------------~ 
I hereby appoint Practitioner(s) named in the attached list {form PT0/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PT0/AIA/82A) or identified above. (Nate: Complete form PT0/AIN82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with the above-mentioned Customer Number 
OR 

□ The address associated with Customer Number: I I 
OR ~-------~-----~ 

□ Firmer 
Individual Name 

Address 

City 

Country 

Telephone 

I State I 

I Email I 
I am the Applicant (if the Applicant is a juristlc entity, list the Applicant name in the box): 

I Zip I 

!Yangtze Memory Technologies Co., Ltd. I 
D Inventor or Joint Inventor {title not required below) 

D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46{b)(2) was granted in the 
aaolication or is concurrentlv.8E!ing filed with this document) (provide signer's title if aoolicant is a juristic entitvl 

/ \ L /¢GNATURE of Applicant for Patent 

The undersigned (whose title is su~ ... -~:L.s authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature ~ r _;, ~ I Date (Optional) I 
Name TuenlaiY!Saniel Chan 

Title Deputy General Counsel, Head of Intellectual Property Department 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant. use multiple forms. 

OTatal of forms are submitted. 
A Federal agency may not conduct or sponsor, and a person Is not required to respond to, nor shall a person be subiect lo a penalty for failure lo comply wtlh an information 
collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid 0MB Con!rol Number. The 0MB Control 
Number for this information collection is 0651-0035. Public burden for this form is estimated to average 3 minutes per response, Including the time for reviewing instructions, 
searching existing data sources. gathering and maintaining the data needed. and completing and reviewing the information collection. Send comments regarding this burden 
estimate or any other aspect of this information collection. including suggestions for reducing this burden to the Chief Administrative Officer. United States Patent and 
Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email lnfomiationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. lrfiling this completed form by mail. send lo: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in compJeling the form, call 1-800-PTO-9199 and selecl option 2. 

] 
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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. 
The United States Patent and Trademark Office (USPTO) collects the information in this record 
under authority of 35 U.S.C. 2. The USPTO's system of records is used to manage all applicant 
and owner information including name, citizenship, residence, post office address, and other 
information with respect to inventors and their legal representatives pertaining to the 
applicant's/owner's activities in connection with the invention for which a patent is sought or has 
been granted. The applicable Privacy Act System of Records Notice for the information 
collected in this form is COMMERCE/PAT-TM-? Patent Application Files, available in the 
Federal Register at 78 FR 19243 {March 29, 2013}. https://www.govinfo.gov/content/pkg/ 
FR-2013-03-29/pdf/2013-07341.pdf 

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in 
the event that the system of records indicates a violation or potential violation of law; 2) a 
Federal, state, local, or international agency, in response to its request; 3) a contractor of the 
USPTO having need for the information in order to perform a contract; 4) the Department of 
Justice for determination of whether the Freedom of Information Act (FOIA) requires disclosure 
of the record; 5) a Member of Congress submitting a request involving an individual to whom 
the record pertains, when the individual has requested the Member's assistance with respect to 
the subject matter of the record; 6} a court, magistrate, or administrative tribunal, in the course 
of presenting evidence, including disclosures to opposing counsel in the course of settlement 
negotiations; 7) the Administrator, General Services Administration (GSA), or their designee, 
during an inspection of records conducted by GSA under authority of 44 U.S.C. 2904 and 2906, 
in accordance with the GSA regulations and any other relevant {i.e., GSA or Commerce) 
directive, where such disclosure shall not be used to make determinations about individuals; 8) 
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)); 9) the Office of Personnel Management 
(OPM) for personnel research purposes; and 9) the Office of Management and Budget (0MB) 
for legislative coordination and clearance. 

If you do not furnish the information requested on this form, the US PTO may not be able to 
process and/or examine your submission, which may result in termination of proceedings, 
abandonment of the application, and/or expiration of the patent. 

Additional Uses 

Additional US PTO uses of the information in this record may include disclosure to: 1) the 
International Bureau of the World Intellectual Property Organization, if the record is related to 
an international application filed under the Patent Cooperation Treaty; 2) the public i) after 
publication of the application pursuant to 35 U.S.C. 122(b ), ii) after issuance of a patent 
pursuant to 35 U.S.C. 151, iii} 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 inspections, or an issued patent, or 
iv) without publication of the application or patent under the specific circumstances provided for 
by 37 CFR 1.14(a)(1 )(v)-(vii); and/or 3) the National Archives and Records Administration, for 
inspection of records. 
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l-1:iflffl UNITEOSTATES : ~. )L PATENT ANO TRADEMARK OFFICE 

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET# 
16/729,838 07/03/2024 03:34:24 PM Z ET 4123.0850001 

Title of Invention 
METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# 11043279 

CONFIRMATION# 5773 

PATENT CENTER# 66233895 

CUSTOMER# 26111 

CORRESPONDENCE -
ADDRESS 

Documents 

Digest 

FILED BY Kaoru Julian 

FILING DATE 12/30/2019 

FIRST NAMED Zilong CHEN 
INVENTOR 

AUTHORIZED BY Mark Zimmerman 

TOTAL DOCUMENTS: 1 

FFO363E4DFE927AE76C7E49E790E5AFAFAB0B4267AFB1 □80 

35DE1937E310899265A628756676D92B4971A9BBA562643B10 
A531E4902A76834801058551695566 
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by the applicant, and including page counts. where app!icab!e. It serves as evidence of receipt similar to a Post Card. as 
described in MF'EP 503. 

If a new Hpplica!ion is be,ng filed and !he application inc!udes !he necessary components for fi!ing date !see 37 CFR 1.53(b)--!d) 

and MPU-' 506), a Filing Fteceipt (37 CFR 1.54) wili b::i issued in due cours::i and the oa.te shown on this Acknowledgement 

Receipt 'Nill establish the filinq date of the application 

N;afa.ma! Stage of an !ntematim1a! Appl!cafam under 35 U.S,C. 371 

If a time\' submission !o enter the national stage of an international appllca.t,on is compliant wl!I, the conditions of 35 U .S.C. 
371 and ot11er applicable requirwnents a Form PCT/DO/E0/903 indicating acceptance of the application as a national stane 

submiss,on under 35 US.C. 371 will be issued in Hddition !o the F::ing Receipt, in due course. 

New International AppUcaUon fi!ed wrnh the USPTO as a ReceMn~i Off!ce 

I! a nevv international app!ication is beinq filed and the internationa! application includes U-1e necessary components for an 

intemational ming date (see PCT .Article 11 and MPEP 1810)- a ~JoWication of !he lnterncrtional ApplicHtion Number and of !he 
International Filing Date (Form PCT/RO/"l 05) will be issuec in due course, subject to presuiptions concerninq national security, 

and the date shown on this .Aclqmwlednernent Receipt 1Nill establish the internationa! filinq date of the application. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

16/729,838 12/30/2019 

34431 

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

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

FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE I 
Zilong CHEN 2018-00538-YMTC-PCT-US 

CONFIRMATION NO. 5773 
POA ACCEPTANCE LETTER 

HANLEY, FLIGHT & ZIMMERMAN, LLC 
10 S. WACKER DRIVE 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

SUITE 3500 *OC000000075356312* 

CHICAGO, IL 60606 

Date Mailed: 07/17/2024 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/03/2024. 

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. 

/tnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

16/729,838 12/30/2019 

26111 

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

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

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Zilong CHEN 4123.0850001 
CONFIRMATION NO. 5773 

POWER OF ATTORNEY NOTICE 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1101 K Street, NW 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

*OC000000075356202* 10th Floor 
WASHINGTON, DC 20005 

Date Mailed: 07/17/2024 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/03/2024. 

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

/tnguyen/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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