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PTO/AIA/15 (10-17)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

4 UTILITY

PATENT APPLICATION
TRANSMITTAL

N

Attorney Docket No. 41 230850001
First Named Inventor Z||Ong CHEN
Title METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY

Priority Mail Express®

\ {Only for new nonprovisional applications under 37 CFR 1.53(b}) Label No. j
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. I:' Fee Transmittal Form
(PTO/SB/17 or equivalent)

2. I:' Applicant asserts small entity status.
See 37 CFR 1.27

3. I:' Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4. ' Specification [Total Pages 24 ]
Both the claims and abstract must start on a new page.
(See MPEP § 608.01(a} for information on the preferred arrangement}

5, Drawing(s) (35 U.S.C. 113) [Total Sheets 8 ]

6. Inventor’'s Oath or Declaration [Total Pages ]
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e})}

a. I:' Newly executed (original or copy)
b. I:l A copy from a prior application (37 CFR 1.63(d))

. Application Data Sheet  * See note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

8. CD-ROM or CD-R
in duplicate, large table, or Computer Program (Appendix)

I:l Landscape Table on CD

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required)

a. I:l Computer Readable Form (CRF)

b.|:| Specification Sequence Listing on:
i. I:l CD-ROM or CD-R (2 copies); or
ii.I:l Paper

[ I:' Statements verifying identity of above copies

ACCOMPANYING APPLICATION PAPERS

10.[ ]

1. ]
12.[ ]
13.[ ]

1a.[ ]
15.[ ]

16.[ ]
17.[ ]

18.

Assignment Papers
(cover sheet & document(s))

Name of Assignee Yangtze Memory Technologies Co., Ltd.

37 CFR 3.73(c) Statement Power of Attorney

(when there is an assignee)

English Translation Document
(if applicable)

Information Disclosure Statement
(PTO/SB/08 or PTO-1449)

I:l Copies of citations attached
Preliminary Amendment

Return Receipt Postcard
(MPEP § 503) (Should be specifically itemized)

Certified Copy of Priority Document(s)
(if foreign priority is claimed)

Nonpublication Request
Under 35 U.S.C. 122(b)(2){B){i). Applicant must attach form PTO/SB/35
or equivalent.

Other: EOT Authorization Under 37 C.F.R. 1.136(a)(3)
Filing Fees: $1720.00
Surcharge Fee: $160.00

interest in the matter. See 37 CFR 1.46(b).

*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

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 26111

OR I:' Correspondence address below

Name
Address
City State Zip Code
Country Telephone Email
. )
Signature /Donald J. Featherstone/ Date 12/30/19
Name Registration No.
 (priny/ype) | DONAI J. Featherstone (Attorney/agent) | 33,876 J

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 of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

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

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

IPR2024-00912 Page 2



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 rrecord 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 pubilic 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.

IPR2024-00912 Page 3



PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; 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 CMB 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:

[ 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:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

| Eilong CHEN [+
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

City |Wuhan, Hubei ||country of Residence | EN |

Mailing Address of Inventor:

Address 1 angtze Memory Technologies Co., Ltd.

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

City | INuhan, Hubei State/Province | |
Postal Code 430000 Countryi | |CN

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

M P(iang FU M
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service

City  |Wuhan, Hubei ||Country of Residence | EN |

Mailing Address of Inventor:

Address 1 angtze Memory Technologies Co., Ltd.

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

City | I.Nuhan, Hubei State/Province | |
Postal Code 430000 Countryi | [N

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:
EFS Web 2.2.13 IPR2024-00912 Page 4



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

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).

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

Customer Number 26111

Email Address | AddEmail | |Remove Email

Application Information:

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

Attorney Docket Number| ¥4123.0850001 Small Entity Status Claimed [ |

Application Type Nonprovisional ~
Subject Matter Utility v
Total Number of Drawing Sheets (if any) 8 Suggested Figure for Publication {if any)

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

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | 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 US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number P6111
EFS Web 2.2.13 IPR2024-00912 Page 5




PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. 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 | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of »| PCT/CN2019/M112728 2019-10-23

Additional Domestic Benefit/National Stage Data may be generated within this form 3
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.8.C. 119(b) and 37 CFR 1.55. When pricrity is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX 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).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

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

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 AlA.

EFS Web 2.2.13 IPR2024-00912 Page 6



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

. Attorney Docket Number | 4123.0850001
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 B in 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 (PDX) - 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 (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, 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 B in 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
[ ] 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
[ ] 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.

EFS Web 2.2.13 IPR2024-00912 Page 7



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

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 Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

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.

Assignee Legal Representative under 35 U.5.C. 117 Joint Inventor

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Yangize Memory Technologies Co_, Lid.

Mailing Address Information For Applicant:

Address 1 No. 88 Weilai 3rd Road

Address 2 East Lake High-Tech Development Zone

City uhan, Hubei State/Province

Country | EN Postal Code 430000
Phone Number Fax Number

Email Address

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

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 assighment recorded by the Office.

EFS Web 2.2.13 IPR2024-00912 Page 8



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

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 1

Complete this section if assighee 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 assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name Yangtze Memory Technelogies Co., Lid.
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 iNuhan, Hubei State/Province
Countryi CN Postal Code 430000
Phone Number Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

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 USPTO 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 [/Donald J. Featherstone/ Date (YYYY-MM-DD)| 2019-12-30
First Name | Donald J. Last Name | Featherstone Registration Number | [33,876
Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.13 IPR2024-00912 Page 9



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

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 time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandna, 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.

EFS Web 2.2.13 IPR2024-00912 Page 10



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 tc 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.5.C. 2(b)(2); (2} furnishing of the informaticn 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 informaticn, 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 youin 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.5.C. 552) and the Privacy
Act (5 US.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.

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.

Arecord 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 tc the subject matter of the record.

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
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

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 Internaticnal Bureau of the World Intellectual Property Crganization, pursuant to the Patent CooperationTreaty.

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.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U 5.C. 218(c)).

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.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the G5A 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.

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.5.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,
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METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY

CROSS-REFERENCE TO RELATED APPLICATIONS AND
INCORPORATION BY REFERENCE

[0001] This application claims priority to PCT/CN2019/112728 filed on October 23, 2019,

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] 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

[0003] 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.

[0004] 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 (Vo) 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
(Visg) 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 (Visg) 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 (Visg) includes electrically
connecting the selected memory string to a bit line. In some embodiments, applying the
lower select gate voltage (Visg) includes electrically connecting the selected memory string to
an array common source.

[0009] In some embodiments, applying the top select gate voltage (Visg) includes applying a
voltage between 4V to 7V. In some embodiments, applying the lower select gate voltage
(Visg) 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 (Visg) and the lower select gate voltage (Visg),
respectively.

[0011] In some embodiments, measuring the threshold voltage includes applying a read
voltage (Viead) on the selected word line (Sel WL). In some embodiments, applying the read
voltage (Viead) includes applying a voltage between O to 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 OV.

[0012] In some embodiments, applying the read voltage (Vrad) includes applying the read
voltage (Viead) 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 (Viead) 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 (Viead) includes applying the read voltage (Viead)
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 (Vorr)
includes applying a OV. 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

[0018] 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
voltage (pre-pulse) applied on a selected word line, according to some embodiments of the
present disclosure.

[0025] 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,

2%

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).

2%

[0032] Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“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.

[0033] 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 surface 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
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.

[0036] 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 bufters, 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 Vi
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.

[0050] 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 “1” 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 Vin 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 (7.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 Vi of the memory cell 340 can be raised to a higher
value than that of the erased state. At a higher threshold voltage Vi, 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 Vu and thereby the state of the memory cell 340 can be determined

accordingly.
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[0052] 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 V. 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 Vi 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 Vi 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 (Vi) shift (IVS) during
storage period. This process is also referred to as fast charge loss. For programmed state at
higher threshold voltage Vi, 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 Vi of the memory cell 340 in real applications. Applying the fake high
threshold voltage Vi 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 Vi 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
Vu (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), can be applied with a top select gate voltage Visg
and a lower select gate voltage Visg. 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 Visg and Visg 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 (Vorr), for example OV, 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 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 15 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. 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 (Vos), 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 Visg 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 18 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 Vin 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

Atty. Dkt. No. 4123.0850001
IPR2024-00912 Page 28



-15 -

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 Vi (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 Vi of the target memory cell. The read voltage Viead can be in
a range between OV to 2V. For the target memory cell programmed with threshold voltage
Vi lower than the read voltage Viead, the target memory cell can be switch on and form a
conductive path in the channel layer 338. If the threshold voltage Vi 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 Viead 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 Viead, 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 Visg and
Visg, 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
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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., OV
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 taelay1. During the delay period
tdelay1, all select transistors controlled by Sel TSG, Unsel TSG and LSG are turned on with
applied voltages Visg, Vprepare and Visg 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 tdelay1 1s 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 OV to the pass voltage Vpass. Referring
to Fig. 4(b) and Fig. 6, if the Unsel WL is applied with the pass voltage Vpass before the
Sel TSG reach the top select gate voltage Visg 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 Visg 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 tdelay1, 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 tdelay2, a
duration between ramping up the pass voltage Vpass of Unsel WL and the read voltage Vicad
of the Sel WL. During the delay period tdelay2, the voltage of Sel WL is kept at 0V while the
voltage of Unsel WL is raised from OV 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 Visg, Vprepare and Visg 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 OV 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 tdelayr and tdelay2. Both tdelayr and tdetay2 can
be pre-determined values.

[0069] In some embodiments, after the read-prepare step, the read voltage Viead 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 OV 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 Vin of the memory cell. When the
voltage of Unsel TSG ramping down from the prepare voltage Vprepare to below Vi, 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. In the other words, the duration
tprepare2 1S the minimum time requirement for turning off the Unsel TSG in the read-
verification operation 600. The read-verification operation 600 has a duration tprepare1 from
the beginning of the read-prepare step to the moment that the Unsel TSG reaches OV. For
read-verification operation 600, duration of the read-prepare step, 7.e., tdelaylHtdelay2 1S less
than tpreparc2. The sensing step and BL pre-charge start when Unsel TSG is above Vi 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 1S 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., tdelay1 tdelay2) 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 trroG-save can be expressed as the difference between
tpreparel and tdelay1ttdelay2, 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., tdelay1 +tdelay2) 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 trroG-save can also be expressed as the difference
between tpreparel and tdelay1ttdelay2, 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 Vprepare 0n Unsel TSG, the pass voltage Vpass on
the Unsel WL, and OV on the Sel-WL at the read-prepare step. The threshold voltage Vin 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
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
Viead, without the need to wait for the Unsel-TSG to ramp down from the prepare voltage
Vprepare to OV. Therefore, the duration of read-prepare step can be shortened, i.e., tdelay1Ttdelay2
< tpreparel, Where tPROG-save = tpreparel-tdelay1-tdelay2 1S the time saved.

[0074] 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 (Vpreparc) On an

Atty. Dkt. No. 4123.0850001
IPR2024-00912 Page 33



-20 -

unselected top select gate (Unsel TSG) of an unselected memory string, applying a first off
voltage (Vofr) 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 (Vorr) 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 (Visg) 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 (Visg) 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 (Visg) comprises
electrically connecting the selected memory string to a bit line; and applying the lower select
gate voltage (Visg) 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 (Visg) comprises
applying a voltage between 4V to 7V.

5. The method of claim 2, wherein applying the lower select gate voltage (Visg) 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 (Visg) and the lower select gate voltage
(Visg), respectively.
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The method of claim 1, wherein measuring the threshold voltage comprises applying a read

voltage (Viead) on the selected word line (Sel WL).

The method of claim 7, wherein applying the read voltage (Vread) comprises applying a
voltage between 0 to 2V.

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

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

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

(Unsel WL) comprises applying a 0V,

The method of claim 7, wherein applying the read voltage (Vread) comprises applying the read
voltage (Viead) when a voltage of the unselected top select gate (Unsel TSG) is higher than a

threshold voltage of an unselected memory cell.

The method of claim 7, wherein applying the read voltage (Vread) comprises applying the read
voltage (Viead) when a voltage of the unselected top select gate (Unsel TSG) equals to a

threshold voltage of an unselected memory cell.

The method of claim 7, wherein applying the read voltage (Vread) comprises applying the read
voltage (Viead) when a voltage of the unselected top select gate (Unsel TSG) is lower than a

threshold voltage of an unselected memory cell.

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

voltage between 4V to 7V.
The method of claim 1, wherein applying the first off voltage (Votf) comprises applying a OV.

The method of claim 1, wherein applying the pass voltage (Vpass) comprises applying a
voltage between 5V to 9V.

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.

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.

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.

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 (Vofr) 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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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY
First Named Inventor/Applicant Name: Zilong CHEN

Filer: Donald J. Featherstone/Patrick Duffy

Attorney Docket Number: 4123.0850001

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 300 300
UTILITY SEARCH FEE 1111 1 660 660
UTILITY EXAMINATION FEE 1311 1 760 760
Pages:
Claims:
Miscellaneous-Filing:
LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160

Petition:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1880
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Electronic Acknowledgement Receipt

EFS ID: 38160367
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/Patrick Duffy
Filer Authorized By: Donald J. Featherstone
Attorney Docket Number: 4123.0850001
Receipt Date: 30-DEC-2019
Filing Date:
Time Stamp: 13:10:04
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1880
RAM confirmation Number E2019BTD10168637
Deposit Account
Authorized User

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

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

269706

2019-12-30-SKGF-Cover-
i i no 2
1 Miscellaneous Incoming Letter Letter-4123-0850001 pdf

d473c98e9b5572f79ed93d849416cacf31a9
cee3

Warnings:

Information:

372988

Utility-

Transmittal-4123-0850001.PDF no 2

2 Transmittal of New Application

fee4d21c9a504c407900c7aebc56dd247c7
a3584

Warnings:

Information:

1256132

3 Application Data Sheet ADS-4123-0850001.PDF no 8

c880c9ae02e9adcde659848a6f9265a2efe
807e

Warnings:

Information:

108597

R . . 2019-12-30-EOT-

4 Authorization for Ex.ten5|on of Time all Authorization-4123-0850001. o 1
replies
pdf 2750542fdBe449750940a58a65bf508a529

Warnings:

Information:

258462

5 Power of Attorney -POA-82A-4123-0850001.PDF no 1

db6e5979ee14b0e7b4e7359310af9853f1 e

Warnings:

Information:

547697

6 Power of Attorney POA-82B-4123-0850001.PDF no 1

f3a73d81578f1a9b6360a1557d5e22f7a79)
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 6e1ca60aal63289d423e6bc6db022a9ed0d
76d8f

Multipart Description/PDF files in .zip description

Document Description Start End
Specification 1 20
Claims 21 23
Abstract 24 24
Warnings:
Information:
156564
3 Drawings-only black and white line 2019-12-30- o 3
draWingS DraWingS‘41 23_0850001 pdf a5170a77a9d44f60bb0af23a8defd 79b766¢]
3314
Warnings:
Information:
36715
9 Fee Worksheet (SB06) fee-info.pdf no 2
ffec95a97716d39ddbc6e5998a66a6636ab
7fass
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 Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

" STERNE KESSLER GOLDSTEIN & FOX

DONALD J. FEATHERSTONE
DIRECTOR

(202) 772-8629

DONF @STERNEKESSLER.COM

December 30, 2019

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

Re:  U.S. Non-Provisional Patent Application under 37 C.F.R. § 1.53(b)
(Continuation of Appl. No. PCT/CN2019/112728; 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. § 1.136(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);

N

Tovan, Kosolie nldsteh S Fw 8L
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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;
ii. 3 pages of claims (20 claims);
iil. 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. § 1.53(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.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Donald J. Featherstone/

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

DJF/M-Y/d-o
Enclosures

14339195.1

N

Tovan, Kosolie nldsteh S Fw 8L
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/729,838 12/30/2019 Zilong CHEN 4123.0850001
CONFIRMATION NO. 5773
26111 FORMALITIES LETTER
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.
1100 NEW YORK AVENUE, N.W. O O A
WASHINGTON, DC 20005 000000TIZ 151337

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/AuthenticateUserLocalEPF.html

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.

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.

lvuong/

page 2 of 2
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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 | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 100 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 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 "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/729,838 12/30/2019 2827 1880 4123.0850001 20 1
CONFIRMATION NO. 5773
26111 FILING RECEIPT
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.
1100 NEW YORK AVENUE, N.W. R OO0 A 0 v

WASHINGTON, DC 20005
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.

Inventor(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
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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 AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
page 2 of 4
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

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

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

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
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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
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Remarks begin on page 4 of this paper.
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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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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.
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it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO BMONTHS
from the date of this Notice within which o correct the informalities indicated below. Exiensions of time may be
obtained by filing a petition accompanied by the extension feg under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submilted o avoid abandonment:

> Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121{d) are requirad. The drawings
submitted are not acceptable because:
« More than one figure is present and one or more figure appears 10 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 Aragbic numeral and capital letier in the English alphabet (A,

B, elc.) and correspond with a brief description having the same figure number. See 37 CFR 1.84(u}{1).

{1} To correct the figure numbering, replacaement figuras must be submitted.

{2) To add a brief description of an unnumbered figure, or correct the reference in the specification 1o 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 io correspond to the corrected
numbering of the figures, must be submitted. Ses 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 nesd to submit the required
application size fee.
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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 relales to the inventor's
path or declaration, the applicant mwust file an oath or declaration in compliance with 37 CFB 1.63, or a substitute
statement in comphance with 37 CFR 1.64, exscuted by or with respedt to sach actual inventor no iater than the
expiration of the time period set in the "Notice of Allowability” {0 avoid abandonment. See 37 CFR 1.53(f).

« A properly executed invenior's oath or declaration has not been received for the following inventor(s):
Zilong CHEN
Xiang FU
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Replies must be received in the USPTO within the set tims 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 suggestsd format, see Form PTO/SB/MA2 and MPEPR 512,

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patenis
P.0. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, inciuding a copy
of this Naotice and selecting the document description "Applicant response to Pre-Exam Formalities Notice”
htips.//sportal.uspto .gov/authenticate/AuthenticateUserLocal EPF himl

For more information about EFS-Web please call the USPTO Electronic Business Center gt 1-866-217-9197 or
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If you are not using EFS-Web to submit your reply, you must include a copy of this notice.
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of Data Management, Application Assistance Unit, at
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Substitute Specification (Marked Up)

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY

CROSS-REFERENCE TO RELATED APPLICATIONS AND
INCORPORATION BY REFERENCE

[0001] This application claims priority to PCT/CN2019/112728 filed on October 23, 2019,

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] 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

[0003] 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.

[0004] 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 (Vog) 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
(Visg) 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 (Vi) 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 (Vi) includes electrically
connecting the selected memory string to a bit line. In some embodiments, applying the
lower select gate voltage (Vi) includes electrically connecting the selected memory string to
an array common source.

[0009] In some embodiments, applying the top select gate voltage (Vi) includes applying a
voltage between 4V to 7V. In some embodiments, applying the lower select gate voltage
(Visg) includes applying a voltage between 4V to 7V.

[0010] In some embodiments, applying the pass voltage (Vpas) 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 (Vi) and the lower select gate voltage (Visg),
respectively.

[0011] In some embodiments, measuring the threshold voltage includes applying a read
voltage (Vieaq) On the selected word line (Sel WL). In some embodiments, applying the read
voltage (Viead) includes applying a voltage between O to 2V. In some embodiments, applying

the read voltage (Vieaq) 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 OV.

[0012] In some embodiments, applying the read voltage (Vreaq) includes applying the read
voltage (Vieaq) 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 (Vieaq) includes applying the read voltage (Vy.,q) 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 (Veaq) includes applying the read voltage (Vieaq)
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 (Vo)
includes applying a OV. 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

[0018] 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) Fig. 4A illustrates a cross-sectional view of 3D memory cells, according to
some embodiments of the present disclosure.

[0023] Fig—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
voltage (pre-pulse) applied on a selected word line, according to some embodiments of the
present disclosure.

[0025] 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,

2%

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).

2%

[0032] Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“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.

[0033] 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 surface 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
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.

[0036] 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 1s 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

Atty. Dkt. No. 4123.0850001
IPR2024-00912 Page 75



-10 -

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

[0047] Eie—4(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—4(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.

[0050] Referring to Eres—4a)-and-4b) 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 “1” 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 Vy, 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 (7.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 Vi, of the memory cell 340 can be raised to a higher
value than that of the erased state. At a higher threshold voltage Vy,, 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 Vi and thereby the state of the memory cell 340 can be determined

accordingly.
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[0052] 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 Vy,. 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 Vg, 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 Vy 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 (Vi) shift (IVS) during
storage period. This process is also referred to as fast charge loss. For programmed state at
higher threshold voltage Vi, 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 Vi, of the memory cell 340 in real applications. Applying the fake high
threshold voltage Vy, 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 Vy, 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
Vu (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 teensing, r€spectively. The timing diagram of a selected top select
gate (Sel TSQG), 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 Fte—4¢b} Fig. 4B, can be applied with a top select gate
voltage Vi and a lower select gate voltage Viss. 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 Vs, and Vi 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 Ete—4b) Fig. 4B, can be
applied with a first off voltage (Vog), for example OV, 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 Fres—4a)-(b)and-S 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 Fie-

4¢by 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 Fie—4b) 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 Vpepare can be in a range between 4V to
7V, and the pass voltage Vs 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 18 applied on the selected word line Sel WL, the target memory cell 340-3
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can also be switched on. Therefore, at time t;, 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 Eig—4b) 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
(Vom), e.g., OV, 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) 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 Vs 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 15 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 15 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 Vi, 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 FXG—4¢a) Fig. 4A). The trapped charges 428
and thereby the threshold voltages Vy, (7.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 t0 @ read voltage Vg to sense (i.e., read or
measure) the threshold voltage Vi, of the target memory cell. The read voltage Vieaq can be in
a range between OV to 2V. For the target memory cell programmed with threshold voltage
Vu lower than the read voltage Vieaq, the target memory cell can be switch on and form a
conductive path in the channel layer 338. If the threshold voltage Vi, is higher than the read
voltage Viead, 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 t0 the read voltage Vicaq 1s 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 Va4, which increases the overall
duration tyrepare 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 Vi, and
Visg, respectively, to switch on the top and lower select transistors 334-T and 332-T (in Fte-
4¢by 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

Atty. Dkt. No. 4123.0850001
IPR2024-00912 Page 81



-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., OV
on the selected WL (i.e., Sel WL). The unselected memory cells (i.e., Unsel WL) can be
switched on with the pass voltage Vg after a delay period tgeiay1. During the delay period
taclay1, all select transistors controlled by Sel TSG, Unsel TSG and LSG are turned on with
applied voltages Visg, Vprepare and Vigg 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) 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 tqeray1 1s 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 OV to the pass voltage V. Referring
to Ere—4by 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 Vs 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 Vs before the LSG
ramps up to the lower select gate voltage Vg 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 tgciay1, 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 tgeiay2, a
duration between ramping up the pass voltage Vpass of Unsel WL and the read voltage Viead
of the Sel _WL. During the delay period tqciay2, the voltage of Sel WL is kept at OV while the
voltage of Unsel WL is raised from OV to the pass voltage Vpass. As discussed previously,
the pass voltage Vpass 15 applied on the Unsel WL after the top and lower select transistors
are switched on with applied voltages Viss, Vprepare and Vigz 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 E+e—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 OV 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 tgeiay1 and taclay2. Both taciay1 and teeiay2 can
be pre-determined values.

[0069] In some embodiments, after the read-prepare step, the read voltage Vieqq 1s 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 OV 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 Vi, of the memory cell. When the
voltage of Unsel_TSG ramping down from the prepare voltage Vprepare to below Vi, the top
select transistors of the unselected memory strings are switched off accordingly. The read-
verification operation 600 has a duration tyepare> from the beginning of the read-prepare step
to the moment that the Unsel TSG drops to below V. In the other words, the duration
tpreparc2 1S the minimum time requirement for turning off the Unsel TSG in the read-
verification operation 600. The read-verification operation 600 has a duration tpwepare1 from
the beginning of the read-prepare step to the moment that the Unsel TSG reaches OV. For
read-verification operation 600, duration of the read-prepare step, i.e., taciay1Htdclay2 15 l€ss
than tpepar2. The sensing step and BL pre-charge start when Unsel TSG is above Vi, 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 1S @
difference between tprepare1 and tdetay1tdetay2-

[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 (7.e., tdelay1tdelay2) €quals 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 tdelay1Ttdelay2, 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., taelay1 ttaclay2) more than tpreparca,

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 tpreparer and taelay1Htaclay2, @s 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 Vprepare On Unsel _TSG, the pass voltage Vs 0n
the Unsel WL, and OV on the Sel-WL at the read-prepare step. The threshold voltage Vi, 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
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
Viead, Without the need to wait for the Unsel-TSG to ramp down from the prepare voltage
Vprepare to OV. Therefore, the duration of read-prepare step can be shortened, i.e., taeiay1Htdciay2
< tpreparcl, Where tproG-save = tpreparci-tdelay1-taclay2 1S the time saved.

[0074] 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
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the fast charges of the target memory cell includes applying a prepare voltage (Vpreparc) ON an
unselected top select gate (Unsel TSG) of an unselected memory string, applying a first off
voltage (Vo) 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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Substitute Specification (clean)

METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY

CROSS-REFERENCE TO RELATED APPLICATIONS AND
INCORPORATION BY REFERENCE

[0001] This application claims priority to PCT/CN2019/112728 filed on October 23, 2019,

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] 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

[0003] 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.

[0004] 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 (Vog) 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
(Visg) 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 (Vi) 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 (Vi) includes electrically
connecting the selected memory string to a bit line. In some embodiments, applying the
lower select gate voltage (Vi) includes electrically connecting the selected memory string to
an array common source.

[0009] In some embodiments, applying the top select gate voltage (Vi) includes applying a
voltage between 4V to 7V. In some embodiments, applying the lower select gate voltage
(Visg) includes applying a voltage between 4V to 7V.

[0010] In some embodiments, applying the pass voltage (Vpas) 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 (Vi) and the lower select gate voltage (Visg),
respectively.

[0011] In some embodiments, measuring the threshold voltage includes applying a read
voltage (Vieaq) On the selected word line (Sel WL). In some embodiments, applying the read
voltage (Viead) includes applying a voltage between O to 2V. In some embodiments, applying

the read voltage (Vieaq) 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 OV.

[0012] In some embodiments, applying the read voltage (Vreaq) includes applying the read
voltage (Vieaq) 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 (Vieaq) includes applying the read voltage (Vy.,q) 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 (Veaq) includes applying the read voltage (Vieaq)
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 (Vo)
includes applying a OV. 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

[0018] 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
voltage (pre-pulse) applied on a selected word line, according to some embodiments of the
present disclosure.

[0025] 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,

2%

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).

2%

[0032] Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“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.

[0033] 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 surface 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
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.

[0036] 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 1s 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 Vg
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.

[0050] 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 “1” 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 Vy, 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 (7.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 Vi, of the memory cell 340 can be raised to a higher
value than that of the erased state. At a higher threshold voltage Vy,, 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 Vi and thereby the state of the memory cell 340 can be determined

accordingly.
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[0052] 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 Vy,. 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 Vg, 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 Vy 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 (Vi) shift (IVS) during
storage period. This process is also referred to as fast charge loss. For programmed state at
higher threshold voltage Vi, 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 Vi, of the memory cell 340 in real applications. Applying the fake high
threshold voltage Vy, 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 Vy, 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
Vu (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 teensing, r€spectively. The timing diagram of a selected top select
gate (Sel TSQG), 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 Vi
and a lower select gate voltage Vig,. 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 Vis; and Vi, 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. 4B, can be applied
with a first off voltage (Vog), for example OV, 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. 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 Vpepare 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 Vp, 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 15 applied

on the selected word line Sel WL, the target memory cell 340-3 can also be switched on.

Atty. Dkt. No. 4123.0850001
IPR2024-00912 Page 99



-14 -

Therefore, at time t;, 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 (Vog), 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 Vi 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 18 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 15 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 Vy, 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 Vy, (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 t0 @ read voltage Vg to sense (i.e., read or
measure) the threshold voltage Vi, of the target memory cell. The read voltage Vieaq can be in
a range between OV to 2V. For the target memory cell programmed with threshold voltage
Vu lower than the read voltage Vieaq, the target memory cell can be switch on and form a
conductive path in the channel layer 338. If the threshold voltage Vy, is higher than the read
voltage Viead, 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 t0 the read voltage Vicaq 1s 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 Va4, which increases the overall
duration tyrepare 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 Vi, and
Visg, 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 Vprpare 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., OV
on the selected WL (i.e., Sel WL). The unselected memory cells (i.e., Unsel WL) can be
switched on with the pass voltage Vg after a delay period tgeiay1. During the delay period
taclay1, all select transistors controlled by Sel TSG, Unsel TSG and LSG are turned on with
applied voltages Visg, Vprepare and Vigg 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 Vpas, 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 tqeray1 1s 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 OV to the pass voltage V. 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 Vi, 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 Vs before the LSG
ramps up to the lower select gate voltage Vg 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 tgciay1, 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 tgeiay2, a
duration between ramping up the pass voltage Vpass of Unsel WL and the read voltage Viead
of the Sel _WL. During the delay period tqciay2, the voltage of Sel WL is kept at OV while the
voltage of Unsel WL is raised from OV to the pass voltage Vpass. As discussed previously,
the pass voltage Vpass 15 applied on the Unsel WL after the top and lower select transistors
are switched on with applied voltages Viss, Vprepare and Vigz 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 OV 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 tgeiay1 and taclay2. Both taciay1 and teeiay2 can
be pre-determined values.

[0069] In some embodiments, after the read-prepare step, the read voltage V.q 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 OV 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 Vi, of the memory cell. When the
voltage of Unsel TSG ramping down from the prepare voltage Vpicpare to below Vi, the top
select transistors of the unselected memory strings are switched off accordingly. The read-
verification operation 600 has a duration tyepare> from the beginning of the read-prepare step
to the moment that the Unsel TSG drops to below V. In the other words, the duration
tprepare2 18 the minimum time requirement for turning off the Unsel TSG in the read-
verification operation 600. The read-verification operation 600 has a duration tprepare1 from
the beginning of the read-prepare step to the moment that the Unsel TSG reaches OV. For
read-verification operation 600, duration of the read-prepare step, i.e., taciay1Htdclay2 15 l€ss
than tyreparc2. The sensing step and BL pre-charge start when Unsel TSG is above Vi, 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 1S @
difference between tprepare1 and tdetay1tdetay2-

[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 (7.e., tdelay1tdelay2) €quals 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 tdelay1Ttdelay2, 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., taelay1 ttaclay2) more than tpreparca,
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 tproc-save Can also be expressed as the difference
between tpreparer and tgelay1ttaelay2, 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 Vprepare 0n Unsel TSG, the pass voltage Vpass on
the Unsel WL, and OV on the Sel-WL at the read-prepare step. The threshold voltage Vy, 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
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
Viead, Without the need to wait for the Unsel-TSG to ramp down from the prepare voltage
Vprepare to OV. Therefore, the duration of read-prepare step can be shortened, i.e., tgetay1ttaclay2
< tpreparcl, Where tproG-save = tpreparci-tdelay1-taclay2 1S the time saved.

[0074] 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 (Vo) 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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BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 100 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 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 "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/729,838 12/30/2019 Zilong CHEN 4123.0850001
CONFIRMATION NO. 5773
26111 INFORMAL NOTICE

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.

100 NEW YORK AVENUE, N T

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
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.
/ebekele/
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Sterne Kessler

CSTERNE KESSLER GOLDETEIN & FOX

DONALD J. FEATHERSTONE
DIRECTOR
(202)772-8629
DONF@STERNEKESSLER.COM

April 2, 2020

Commissioner for Patents Confirmation No. 5773
PO Box 1450 Art Unit 2827
Alexandria, VA 22313-1450

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 ef 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.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Donald J. Featherstone/

Donald J. Featherstone
Attorney for Applicant
Registration No. 33,876
DIJF/M-Y/jcv
Enclosure

14805073 _1.docx
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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:
]  The attached application, or
X 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,

(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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32766-09/03/2020 1028 IPR2024-00912 Page 121



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 (judicial 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.

Page 2 of 4
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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: 020 — 0; ~ Oq

Signature of Inventor: ZILW‘(‘} CH EA/

LEGAL NAME OF INVENTOR

‘Inventor: Xiang FU Date: w20 - 040 7

Signature of Inventor: Xi Wé 77&

Page 3 of 4
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Appl. No. 16/729,838
Atty. Docket No. 4123.0850001

SCHEDULE A

UNITED STATES PATENTS, UNITED STATES PATENT APPLICATIONS AND
INTERNATIONAL APPLICATIONS THAT DESIGNATE THE UNITED STATES

Application No. Filing Date Patent No. Issue Date
PCT/CN2019/112728 October 23, 2019

OTHER INTERNATIONAL APPLICATIONS AND PATENTS

Country Application No. Filing Date

14487295 _1.docx

Page 4 of 4
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Electronic Acknowledgement Receipt

EFS ID: 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 no
File Listing:
Document s . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
323243
2020-04-02-Cover-
1 Miscellaneous Incoming Letter no 1
LEtter_41 23_0850001 pdf 0c00173d488785d169e81469eea23329522
d6552
Warnings:
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Information:

124384

2020-04-02-Declaration-
L 4
2 Oath or Declaration filed Assignment-4123-0850001.PDF no

21efce808c5b235197ba2falbf0ac08e5ada
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 Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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505997842 04/02/2020

PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT6044552
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date
ZILONG CHEN 03/09/2020
XIANG FU 03/09/2020
RECEIVING PARTY DATA
Name: YANGTZE MEMORY TECHNOLOGIES CO., LTD.
Street Address: NO. 88 WEILAI 3RD ROAD, EAST LAKE HIGH-TECH DEVELOPMENT
ZONE, WUHAN
City: HUBEI
State/Country: CHINA
PROPERTY NUMBERS Total: 1
Property Type Number
Application Number: 16729838

CORRESPONDENCE DATA
Fax Number: (202)371-2540

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone: 2023712600
Email: jvang@sternekessler.com, myang@sternekessler.com
Correspondent Name: STERNE, KESSLER, GOLDSTEIN & FOX, P.L.L.C.
Address Line 1: 1100 NEW YORK AVENUE, NW
Address Line 4: WASHINGTON, D.C. 20005
ATTORNEY DOCKET NUMBER: 4123.0850001
NAME OF SUBMITTER: DONALD J. FEATHERSTONE
SIGNATURE: /Donald J. Featherstone/
DATE SIGNED: 04/02/2020
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 4

source=2020-03-31-Assignment-4123-0850001#page1 .tif
source=2020-03-31-Assignment-4123-0850001#page?.tif
source=2020-03-31-Assignment-4123-0850001#page3.tif
source=2020-03-31-Assignment-4123-0850001#page4 .tif
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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:

[[]  The attached application, or

Xl  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,

(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 (judicial 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.

Page 2 of 4
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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: 020 — 0; ~ o&l

Signature of Inventor: leﬁ% CH EA/

LEGAL NAME OF INVENTOR

‘Inventor: _Xiang FU Date: P20 - 040 7

Signature of Inventor: X ] 0‘”5 774

Page 3 of 4
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Appl. No. 16/729,838
Atty. Docket No. 4123.0850001

SCHEDULE A

UNITED STATES PATENTS, UNITED STATES PATENT APPLICATIONS AND
INTERNATIONAL APPLICATIONS THAT DESIGNATE THE UNITED STATES

Application No. Filing Date Patent No. Issue Date
PCT/CN2019/112728  October 23, 2019

OTHER INTERNATIONAL APPLICATIONS AND PATENTS

Country Application No. Filing Date

14487295 _1.docx

Page 4 of 4
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PTO/ISB/8a (D7-09)

Approvad for use through 11/30/2020. OMB 0651-C081

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

Under the Paperwork Reduction Act of 1995, no persons are requﬂLred to respond o a collection of information unless it ccmtgﬂgﬂns a vaﬁd CME control number.

Complete if Known *\
16/729,838

December 30, 2019

First Narnad nventor Zilong CHEN

Art Unit 2827
Examiner Name LE, THONG QUGC

[ of Attorney Docket Number {4123 0850001

f Substitute for form 1448/PTO

Appilication Number
Filing Date

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

{Use as many sheeis as necessary)

R Sheet |1

U. §. PATENT DOCUMENTS

Examiner Cite Document Number Fublication Date Mame of Patentee or Pages, Columns, Lines, Where
initials™ No.' MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code” 7 Figures Appear
ust | Y5 2012/0275223 A1 11-01-2012  {Baek
usz | U 2013/0330603 A1 12-19-2013  |Zhustal.
uUss | US9607.707 B 03-28-2017 |Pangetal
usa | Y5 9,704 587 B1 07-11-2017  |Park
uss | U5 10,121,554 B2 11-06-2018  {Harar
s
Usg-
Us-
Us-
Us-
Usg-
Us-
Us-
s
UG-
U
Us-
U
UG-
FOREIGN PATENT DOCUMENTS
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials” No.! Date Appiicant of Cited Document Where Relevant Passages R
Country Gods® Number Kind Gode® t o) MM-DD-YYYY <r Relevant Figures Appear T
FP1 |CN 102780490 A 10-31-2012 {SKHYNIXINC
FPz |CN 108140418 A (06-08-2018 |SUNRISE MEMORY CORP
FR3 ICN 108380012 A 02-28-2019 iGIGADEVICE SEMICONDUCTOR \,/
Examiner Date
Signature Considerad
* "EXAMINER: Initial If reference considered, whether or not citation is in confonmance with MPEP 80¢. Draw line through citation if not in conformance and not

considered. Include copy of this form w ext communicsation to applicant. 1Applicamt’s unique citation designation number (optional). “See Kinds Codes of
USPTC Patent Documents at yw or MPEF 901.04. ° Enter Office that issued the document, by the two-letter code (WIPQG Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must preceds the serial number of the patent document. “Kind of document by
the appropriate symbeols as indicated on the document under WIPQ Standard ST.16 if possible. 6A;o;oiicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.87 and 1.98. The information is required to obtain or retain a henefit by the public which is {o file (and by the
USPTC to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any commenis
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent o the Chief Information Cfficer, U.S. Patent
and Trademark Office, 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 14586, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-9189} and select option 2.
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7. WIBCRIELSR 6 Pk e 77, b, FRA A 25 B i BH i H s 1 20 SR 0 e Hh
L {25 31 ATk BF

8. — P PRI R E 7 AR LU T DR -

o ¥ g FE PR (b2 B IR TP 0 -2k Bl i RIS BRI R R P 3B R
fRes B PR T 1L T A7t 25 SR T BEAT gn A%, Ho b il g i i He vy T ik s v s Hoprikaa
A s T TR BRI s DA

Bifi 5 7EHAT P AT i 8 B0 T I S0 UEBRAE 2 0T, SRR T Pl 25457 3 v IR Iy L P (R 25 21 B
IR I T R S T T IR A 12k v 1 28 I HLd s P 25 3K i R e 25 21 BT ik BiF

9. UIBURIELSR 8 ATk ¥ AE /7125, Horp, P 234230 i i LAl il /L R (1 1E F R -

10, GACRIEL SR 8 P i E T v, Jor, PriR 2738 0. 1V 22 0.5V,

L WA ELSR 8 BT ik (R4 v, Hor, BiR 4w R v P A BT o i ok Wi Hs A Feg s B4
T Tl A s .

12. WA EE R 8 FTIR R AE J5 v, I HE 1B ik 26 Frik 2230 s IR B AL 45 2 BT ik BiF 1)
RET K TR AR B R R BT e P I F LR TR R IE P FE &2 5
e s L8 PR R PAT B AEERAE o

13, WA ELSR 8 ik i E v, G LU IR -

o G e VT H R (iR 2n B 5 TR e Al A R TR R R R A gk, S ik gR R AT
VER A TAEFTIRIE T AP AE 2 B2 o0 BT SR P R PR B VR i JE b it fe s s DL &2

o G FEAE i R R 45 B e A 1 R IE P A2 4%, Forp iR gmfE 25 b v I 2 08 T B 1R AE AT IR
RIEPRIAF G2 80 E AT 9 FE 3 00 B B AR i R 45 T LR &

L4, WAURIEL SR 13 Bl (A 7 vk, Hod,

Prik e o iR 2R R, DA AL

TR g FE 28 1 s 2 F YR s .

15, —Fff ARIAF, ALFE -
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BIEZ DA DA B2 B0

HAL s (AR & W B, o I ol 4 o L P (1R 2 336 b 1 7 e R I Il s RS B R B Y
T UL BCKG RAF R s SR ES R PE, L rp ek g R i s sy T P Sl 0 v T, il o s v
TR EAFIRIE s DU

32 1) FEL B2 5 P B A ) BT P P (RS L BR A T IR A L s L BT I L L s A T IR
FAF IR AE R FE B AT 90 i g B rp 1 7 2 OR e i E AT BE, LU AR A £E S R
B AEBRAE 2 AT, B TPk 25 12 3K o s 1 i Hs IR 25 381 Pt 3ok o ) 2 R T 3R AR e v Y - 2k
I HEAH pirids 25 (3 30 i s i 4 B Bk B

16. WIACHIEER 15 Frid iy Aas 4, Hod, Bk d s 625 r Bt L4 -

FEL S A s » R EE M) 5T P s 7 ol P ) 4 145 T A R B 3 4 R FRU S PR U
i AT IR L AE AR AU s L

AT VRG2S, WEC B R T I T A A2 2% 1 R P R 28 1 Bk e o 1 7 e BT IR R B R )
FELA TR

17 WU SR 16 Pk )= SR E 15, e -

TP AL, BLFR 2 S OS2 i A%, H A C B e BT 3 42 1l L i 0 2 o) 1 oRs 2 R 3/ ] rl
s sl g R 455 1 b o Fs (IR 25 B BT IR A7 filt bl o 326 ] (R4 il e, JC b Prrad g AR 3/ ] vl o2 Dy 17 4
P 1 B9 A5 i A FR o0 BT gn R R AT L B IR R AT S R AR 1 g ) U s, PR g R A
1R A T BT 1 EAEARIE T BIAF it s BR T B RAT S AR R A L BB R R B R R T 25 1Y
CEENE

AL FEA  PORCE L FEIT IR WS b s s LA

B/ DR, B B RCR R AL IR B BT iR S S
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FFIRB[EHRERIESE

[0001]  AHICHIIEIAZ X 5] H
[0002]  AHITHEK 2011 4F 4 H 26 HE2AZ I HIIE S 4 10-2011-0038987 114 [E & F| Hiik
FIPL A AL, A B o 5 | B R Z RGN 2.

FLK s
[0003]  FR W PESE B KBl SRS OF RO TT i, SRR, W R R AR
(& fF3k (detrap) J5ik.

BREAK

[0004] ARSI TAF IR I 2 DAF AR 00, A T EAF s B e P Al L
P, PATHAEIRAT . AEGAEIRAE T, — 2ol PR HER B R, BT i 7 reie
M AF At oo R . LU 25 B 1 SRR XA L T 3RS .

[0005] [l 1 J27s MR R 50 AR AR A () £k 8 200 i) Akl e o

[oooe] Il 1 Firow, 47 fili s SR TR I 2 B A T AR 11 2 BB IEZ4 )R 1308
FifFARE 14 A 156 LA HIAR 16, 25 12 JE RAEAF 35 e B2 SRR IR
L1 o &5 12 R RRAEF TR 11 WATTR R BEN , HREIEZE 2R 13 FIPHE i 7y i
Bo HAMEIRIZR 14 WHEFRAETE B ZEHIMK 16 5572 WL Mk, BRIEZEZ)R 13 R
R AR 14 Ak 16 h i)z (Fline @)z ) Bk. i)z 15
BABfERmA iUz (BEEATZ) B E U AN ZR R B S .

[o007] 4w VFR] LI (B OV) # 45 B PERNAr £k, Tl Al 7] 5 2 WL 25w FE i s
KIHAT A7 25 P OCHOGAR AT . s g e Fe R A I 2 2 52 2 WL i), B b i — 28 /g -t
Fowler—Nordheim(FN) [&%F 22 tHpEIELA 25 )R 13 M HIATIFERIZ 14 B3, WM A7 it 5
JUMRPE AT FERIR 14 HEIRIE TR B m B AR AR 25575 A B oThY
) (L FEL I S ) B RSP N, PITIR A7 i 85 BR O N T AR AE I 0T . A7 il A R T (e R
JEAR T B AR rP I, Pl A it s Sp oo Y TR A ) (CEREEBR I ) ST,

[0008]  JE icf i) 5 77 il % BR U A2 (0 7 48 WL [R5 T F Js SR B AT 77 i 23 R 0 BY 2 B
{Eo ] LLARYE A7 i 25 5 70 1) B P Hs. 8 T3 A2 IR T 1B ol e A7 ik 28 B e IR S o
[0009]  fu1 £ BTk, 3 L A7 ik 2 55 70 1 AR RS SR 9 5 A7 A A% S T 8, HLE A8 v A
RARZ 14 hRER M T EE (3 Rk U, gl gm0 i T 2 B ) SRAf 2 (7 1 25 52 T I 1Y
EREENAT

[oo10]  ZRi, fEGRARERIE R, L8 HL TR BEPAFIRAE PRI 2625 )= 13 HH 53 BE WA 17
IRIZ 14, At Foei B (e Hi s ] OB 3RS IE 20 %)= 13 th Ry Fivelcde . HoAkim
5 BEE SRR PR A R R E R PAT, BB A2 X 13 AR EE 0 Ak, [, B TE
#adgn 13 PRSI 70 H O] DRSS - S ARS8 E O33R A OB B i B4

LZRAT
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[0011] ARG A~ 9] 6 SC e 7], AE G R 35 A vh , G R P R 25 £ 308 W T 23 31 3] e e 1t 31
L ANEIE, E2 2547300 s P 2 R P T (R SEAC I T o BRI 5 £E BB T 26 25 /2 P A7 3R o 3]
CAEGmAE SR AT e 5 ko

[o012]  ARFEAS KA Ty i, PR A A2 PRI R BRAE T5, R Ol R g R s
25 B A7 filh 2% 570 A 2 UM AR IR 2545 30 i s (16 25 B8 ~F 3 (A4S R N T I T BIF SR ) i i A7
fitt #5 BB ICHEAT S R 5 LAS B 5 7R A 9 R ) A7 ff 4 B2 DT HEAT 30 UE 2 AT, bRl T ik 25 4%
2 P 1 P S (36 20 ) P 42 Fh M AR O ELIE A P i R A7 30 s (6 25 B P ik B, Sk 22 B 17 3RAE
BT R A7 i A5 P IC I BRIE 26 2= P I T

[0013]  HRHEACK B 3 —J7 M (124 ARSI A B Tl R g e i s it s B g v
72 Rl ik (pass voltage) 45 BISRIE i LR FIURE 25 43 20 s (L4 BRI X 28
A7 fifi A B CHEAT g R, b Bl R L M s 1 il O v s HLPTIROE I H  v  BTid
P LU B S AE AT BT id A7 i 2 S o0 B3R A 2 AT, R T Arid R R 1
H s (HE 0 B BT 6 1) 7 ER A Pk SR e vh 1 5 20T HLORs Bk R A7 30 I ks B P ik B
[0014]  RYEAK W SL—J7 I S ARSI AR 2 DA P A7 f 25 FR s R4 s
P (L2 L5, A PG EL S 2 R P s (P oy B e v 1 7 2 Rl ol Fl s AR B R B 1 7 2R DA
BeHG FAF 3R R AL G BB, Horb iR g F v s v T il el s, T ol ok Wi s g T ik
FAFIRAS 5 LS A i) R, A I L i 4 o o P s (AR LR (045 P i g e Pl Pt iE i
H s AR T 348 25 4 2 S AE 2 R 35 4R 4 20 Jnil (16 45 B b 1) P e R P I RN BIE, BL
Bl Ji A g RE S0 R FR T 2 BT SRR T BTl 25 45930 L s 1 i S {28 2 BT ik 0 b 119 7 Ze AT B i oK
WEFR I T2, I HIOR: Brid 25 A2 3 I a5 2P

4 = 152 AR

[0015] V& 1 s HH i B B U PO Re T 1) A7 il 2 SR oo i i B

[oo16] & 2 2 HARYE A R BHI — Fh g B 77 VA1 SRS R OHE 1A

[0017] W& 3 27 AR AR B0 — PP A2 77 vE i B s LA

[0018] & 4A FII 4B J&7n HH AR YR A A BH 0 — P G 7 25 B RE AL R A7 fith 25 B o i B 1 1S

BRI HEAN

[0019] I [HIKf 2 FE B B PR 40 i 2 s BH 1) Sl oA P S 49 o B Ak B P A T A AR A
eI AN D2 B A AR S BH STt A 1R

[0020] V& 2 JE7n AR AR BH M 9n e 7 A2 SRR RE .

[0021]1  Z WK 2, 2 SARBAFE AFMESS B IC Y] 110 ;R 4H (130.140.150.160.170
T 180) , FH TAEAFfifi#s SR T PR 41 110 Pras i M r ity oo EPATHREE L B ek U
Fe i A g 120, FH Tl s s 4l (130.140.150.160. 170 1 180) LAAR YR %y A Eds ok ¥ B AF
s BT B E R .

[0022] 4, 7E NAND PRINAFAE A5, B2 v CLALRS FEUR 2R Bl 2% 130 4T R0 2% 140, 1T
P4 150 FEFERR 160 1/0CH A / it ) % 170 FE I / 2RI (pass/fail) ks
HEL% 180,

[0023]  Afrfi#s S ICPE) 110 AR 2 N rfige. 76 2 hontl TAFE b i — 4~ /Pl

5
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—+=
FIATS

ARSI RR R BIRE Wel 1 [ 2488 ST, — &b ST 43552 M IE 5 &, — 288 ST gl fia 2 hr
o ST B AHESE 4.

[0024]  HF~H ST HFE R R A ILYE L CSL WY IR I HE G4 SST s 2 NP ds T
FO 2 Fn ; UL R REEE BT 26 Ble FH Blo [IRARIE RS AR DST. 1k i v T B & R A7 il 25 1R
T FRAERR A e, (bR Ot o SEFEE S ST F i H A7 it 25 5 e HH R I 2544 o U5
B 356 6 i A SST W MIAR R 22 S5 A 28 B 2k SSL, A7 45 9% 84 T FO 2 Fn PR R 3 & AN
25 WLO 2 WLn, JAREFE S R4S DST M ARRE B2 2 I AR B 6 48 DSL.  Hf ST FREE BIAH L4
2§ BLe F1 BLo Jf HARE R A ILIF I EL CSL.

[0025]  f&7fi] fEL 2 120 W T @25 5 OMD 1 76 WY 3 A2 i m R B 1E 15 5 POML BB E 5
READ 8K B EE/E(S *5 ERASE, i HLIGAR PR ER B Y 248 p FH T dil T 22 i 28 41 150 (T 22
ZR I 2215 'S PB SIGNALS . HASK UL, 7RG VE b, 3  ri 8 120 23 7 [R1 I 1) - £
BIF LA g e fE PR R 22T 3R M, {EL A2 227 3K R Bl 4w 2 L Fe b 2 SR A g B TR) o Gk B, ] BRI
25 FAF AR DL 3 2 SR P RS EAE Al 8 o B 28 4 2 TP 3R L

[0026] k4l f b LK 120 Wi . F-H 3 £ 5 ADD 7 A 4T HuIE A% %5 RADD A5 M Bk £ 5
CADD. {EZFE el VE B EBR AR IR, 4250 FLEK 120 XM T FRIB I / R IOH 25 fi it 180 7 A2
WA B A5 5 CS SR A 25 A7 fifs A 50 T 19 B (B R 2 15 T i 21 B b 7, IR AT 2 15 2 W AT
YT P R BRI BB DL R 4R 7 & S ofe 1 W 2 RV BB o e A 2 5 s 2 AR Lo
[0027]  HEJEALZS HELES (1304 140) Wi 5% 14250 B % 120 [915 2 PGM. ERASE. READ #1 RADD
SRAG AT 2R BB IT I R FE R AE I R A B R B MR T 75 10 W R AR 2 AT B BT Im AR e PRk
DSL.“F2k WLO 22 WLn JEARGEFEZE SSL UL A MF. v s £ 25 v A 48 FE H AR 28 130 AT 305
22 140,

[0028] Wi HkZE AR 130 M R 4% ) f % 120 IR 1E(S 5 PGM. READ Fl ERASE ( 58 H. {3k
U, Wil 255 ) S H T 9RFe SRR i 2 s M E Rl 2 4 k. %]
52 AT TR PR, LR AR R 2S 130 4 R A H TR /e s (540 Vpem.
Vpass.Vread 8% Vdet) . Vpgm $54mFE Hi s\ Vpass $5i# oL Hi [ Vread FR2H HL 51 Vdet 45
FAFRAEE.

[0029]  ATiFME2% 140 Wi T FEL % 120 (4T HEHE1E 5 RADD 5 v R A B 28 130 (¥4
L A% 32 22 RN A7 A B ) J= 5 4k DSL. SSL LA 2 WLIn 0],

[0030]  WUZZyi#sdl 1560 A7 fifid B oI g PR B RIS . TS #s 4 150 A 4550
¥ 247 25 BLe Fl1 BLo [ T 2 1 4s, FEma iy T4 il FL i 120 19 W22 /P #3155 PB SIGNALS 2K [
{72k BLe F BLo {45 fEA7fifi#% 5270 FO % Fn HAFAEEIR BT 5 1 L R .

[0031]  5F BAKI &, fEAFE 95 550 FO & Fn (90 Rk i sl e B Ve v, g o
Zi4H 150 T 78 LA £k BLe T BLo B 87 X M. TR 4B 7. 25 BLe 11 BLo ¥ HE H B A1 6 00 21
A7 fiti #5570 FO 22 Fn (1 BB MU 3R « S BRI &, 7ESRFEERE T, TP 3541 150 4R
WA B g RV B (), Bl R ) skgmFRgE b e (i, Vee) (ILeh BT 48
BLe 5k BLo. EEEHUERIE, LS 2 150 MRIBAFAEAEAFME RS 5.0 FO 2 P IR ks i
{72k Ble 2= BLo [ HL i, JFASINATZ i 25 5500 FO 2 Fn FPARE ISR . Sh4h, T2 4 150
TEHEBRERE M BAMY BOB B R Aa VPR (1A, Vee) HR45 BT 2k BLe 1 BLo, IF¥ 4w FE ST
WU (o, et i s ) (b2 B S 7SR TR 35 VR PR R 42 R 50 UE &5 S i A #2 BR 1 B ST R4 1)

6
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£7 4% BLe 1 BlLoo

[0032]  #IIEPERS 160 Wy T3] i 120 1 51 b1 5 CADD R k4% 0122 45 2H 150 1Y
TGRS . 7EIE A EFEAS 160 LT i 2 rh s P B E I EdR s H o e, A FEES 160
AN CL B2 T2 P38 20 150 Fin b (R 20 0 iR B0 AL a5 Baa k. / R BORS A v 2%
180,

[0033]  FEZmAEHERfE, 1/0 HLE% 170 7EFRHI AR 120 61 oM 52 DATA fLiX 3|
B FEES 160, LGSR DATA Sy NBI T2 P 2340 150 I T ZEph 2% . HH Ik EEEs 160 B E5HE
DATA J7-Hb A% 325 22 TR 2R 40 150 H DTLR M2 I, DT 2% P84 2Ps DATA A7 fE B 728 o
Ah, FEEEERAE T, 1/0 AL 170 22 tHAIEFEAS 160 F M TTZ2 P as 4l 150 1 i 82 rh#s BE i
IR DATA %t BIAM S

[0034]  FE4RFEERAE B RERME 2 G AT RIS IESRAE 8RR, @ 1 / R MO 2 FE % 180 K &
A IR, U A (S 5 PRC B M H IR ERas R . @it / JRINOR: A i 2%
180 XA 12 B8 G BB H AT vHEL FRBALTHEUE 5 CS 1 U HE X RR BB o i AT U £
i

[0035]  FE4RFRICUEHERMEH, 6] HL B 120 8 HILEAFE 2% PoC R R R E P LA B 7410
Y R 0 ST R FE R & 2R AR 130 {815 0] DU REEHOE 50 UE ti s (s B 248 . fE—2E
SE I, PR A% 120 BT UUARYRIE I / ok A A 180 RS A5 5 CS leds il i i AR ik
22130,

[0036]  LAFHERAEH ik AL LA 25 TR ik

[0037] W& 3 JE7n AR AR B — PP e 7 VI n = B .

[0038] LA &% 3 FIE 2 kiR gmfe ik

[0039] 1 gmAent BX

[0040]  HYRFEETBLIFUGES, fE4nFE RV s (a0, Bk i s ) L b eh BNk P i 4r 28
HEwmfegs bk (i, Vee) CEMLARIRE DAL LFPRE T, ga e ik Vpgn B i i s
Vpass VLR FAF 3 H R Vdet 43 B[R B 25 B35 P R 7 26 Sel _WL ( B2 HAK &, 48 WLO &
WLn R E— D) RIE PRI P2 Unsel WL BRI &, 13 7 ke gk ISR J8 4y 748 )
CLAZBE B 4A BB ) .

[0041] w2 s Vpgm 2 XS E b A7 il 4 S oo AT g A2 09 o s, 38 I HE s Vpass A2
TAE & ST TP e 38 L s, T 251235 M s Vdet 2 T R AE e T IAE B 25 B e bR T
TR E (an, F2 B ) LIAMRIR B3R i P s . TEgRFERT Beh, 217300
s Vdet 5XF1EP 72 Sel WL 25 ¥ 4m 75 Hi Hs Vpgm [ I HifIE 25 B BF We L 1, (S 45 7EBE 5 10 2
{7 3RBT BN BAT SR 7] LA 5 2 b 25 B, T AN R AE SR AR BN 5B P 3R 1. {EA
— AN 1 G R R A AR SR RN B N R A BB Well BOZ4F 3R Hi s Vdet SBALHIE] 1, W FE He,
J& Vpem FIGE A #L R Vpass 7] BLTH 25 (235 H s Vdet.

[0042]  HAKRUL, & T Y FH{F3RAEAF A SR oT i WL AT (R 3R B P i, T AN R IR e
RRAE PR E P ERR T Wi 2302 LIS DI (FF B4R &, BB 4% )2 ) PRI HE
7, FAEFR S Vdet AR T8 H s Vpass BOIE WL s 0, Z5{2 38 B R Vdet A BLE
0. LV & 0. 5V, EXME 7, 5 3%E i 27 30 i R B (9 gn 72 F S Vpgm FE L L K Vpass
FHEE, 452 H s Vpgm Fd ok B8 Hs Vpass B8 LU &7 0. 1V 22 0.5V, B, ZEGRFE T B

7
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W, LA A S TR R R TV SR PR ORI b o B BT, R e A i s T
{3 E (B 1A B 104) o, R A AS SR ool g e . @ it ingn 72 FE Hs Vpem Fid i i s
Vpass RAFfli#s F.I06, — LSl F BT SRAE At B oo B E 2 22 (& 4A 19 103) Hho
[0043]  pb4h, 7EHE 3 MR BE Y, 200 {7 Sl iR Vdet 25 BB Well B, 47 72 WL &
Vpgm FIl ik #1 F Vpass 73 A1) [F] B gl A 25 21 56 TP 9 5228 Sel WL FIARIEH 152 2k Unsel_WL,
SR AEEARF S Vdet VAL RIRE Well PR A, 45 W45 g F v & Vpem FGE S
Hs Vpass B 72k Sel _WL AR & 19574k Unsel _WL [ 5 7L 0T DIARYE gn R 77 v BA3%
B Aok ek A8 . Flan, 273K MR Vdet B4R B Well B, 10 ik fBHs Vpass A LAR] B4
LEFRIE TR T4k Sel WL FURIEH 54k Unsel WL, Bl J5 T 9724k Sel WL 11y v e v LAY
N E % F2E HE Vpem.

[0044] 2 FAZRIRBTEY

[0045] Y EAFIRBTELAESmFENT B 2 J5 T AE I, 4m e F s Vpgm U@ L HE R Vpass AT 43
BN 24 Sel _WL F-28 Unsel WL, {HAE ZfF 3R H R Vdet J92R 2B Well, S5 HAK
&, MR EA IR Vdet R4 Sel WL FIF-£; Unsel WL BT A HL R AR T 224730
J Vdet FRRZS T 4k S25E N 2I B, fEA7 8% oo iIBFIE 45 2% )2 103 3R HL 7 B IR 3k
BEWell ( 38 BAKRG &, 2 S LE 100) ho A, 785N B 25 50 o0 1 o 7 b i) gl
SRAEBE B LA 4% )Z 103 IR 7 0] LA se P E b D5 BR . AR 1T, 1l 152 3R A0 A7 s 2% 50 JC 11 FEL AT 15
RE 104 BT AT R FEAAR, B R R A Vdet HAAFI40 0. 1V 2 0. 5V KA K.
[0046]  7E J:AF BT B W Jim , PR HE F B I 212 b i, HLBAT 32 A I A7 Al 25 J1 e i 56
UERRAE (SRR &, BUEN B ) .

[0047] 5 A S H) (W gRFE 7 iEAN ], AE RS L 4R 2 Bk Vpgm B, AT LAAS (25 S A7 3K HL R
Vdet 2P Well, i & n] LAAESRFE L IR Vpgm F AL I it 2h . AEIX A T, AT e A
PrAE 3R IR TR 3 . ik, W& 3 PR, ZAF PR Vdet 545 FE f K Vpgm [RIFT A4, {H 2
FAF KR Vdet LhgRFEd R Vpem R85 A I TR] o AEIXAS S A, ] LAE 8256 17 TR
AT FoAF SRR 1E

[0048] & 4A F1 4B &2 T Uk BHAR Y A% S BH 5 I 3k 4 B2 7 45 R0 0 R A7 i S T R R R
K.

[0049] 7L 4A Hh7n H T NAND f7fili 5 B oG SR AR EE 14 o NAND A7 it 25 S s LR80T 2 & 7E
TE B Well F i SR K 101 2 BB B4 22 103 A7 302 104, FH AR JZ 105 LA
RS HIMR, 106, 45 102 (8 BLAARSR UL, JEAR A IR ) T RAE A7 25 50 e ) b g2k S R4
JiK 101 s

[0050]  fEFIE#aZ% )2 103 W] UL ZTE k. HAT 382 104 FUdE K 106 7] LLH &
HLZ TR (B, 2 2 ) « A RJZ 105 7] BLH s A U2 Ak, B LR S AL 2
BN EREADE I Z BT . A EIRE 104 AERFAEE B . #dliik 106
AR T WL, HEREZAE )2 103 136453 S5 MF Well AHAR. 7EF 3 AgmFEit Bo, 2945 4w
FEHE R Vpgm {45 3358 A 1K 728 Sel WL B, BiF Well F A dG A0 8 P i — 238 ok PN B&E 27 1M
b 2F SRR TE 48 2% )2 103, AR5 B8 o7 A7 SR TE A (2302 104 vh o 7ERXDM b, — 28y
TV A MBEIEL S E 103 a2 AT 3RE 104, AT IRTERR F 4a 2 )2 103 o

[0051]  Zx WLI&] 4B FIE| 3, 7EEAF RIS Be b, IR -4 Sel WL Fil Unsel WL [ HL /N

8
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T RAF 3K & Vdet, HAF SR Vdet 842025 BIBF Wel 1. RIL, ERRIE L0202 103 HPAF3R
o HL ] DL R e 5 i BE N 2 AR R 101, 58 BLARSR U, 78 L7 3R B, (277 B Ak
104 PLEFRA HE TR AAE, TR I 4 2% 2 103 rh R 3R 1 o 1~ A] DLSE $6 2k b B I iy 135 A2
SRR 101,

[0052]  FEASKBH T, 5 NAND (7 25 SR oo E Aon Bl AT iR o AR, ok fites (23000
Ji Vdet BgmFEEAEW T LAY H T H A A7 il 25 5 e 2544, 60 1 SONOS &5 44 . [ATf, 7E4mFEis
VEZ NG B gmFR I E B AE B S A v, W] DLZE T 0 WS 3R7E AT (73R 2 104 H it FE 1R 43
TEAT R RIS TR . R, 2 SRS DU R rT 58,

[0053] 4 L ATIR, fEGn R 1E b, 1 g e o Hs 2345 3K W s 43 S TR B A3 2 381 0 Hh 1) P 48
FHRH S 10 2% %30 He s bl 2 2 v S (ke SRR B TR] o ERTTT » T LA AE 582 S B 1) P 22 BB 0 46 2% 2
HAESR L. SEAh, BT 226 TR IE 4 2 2 TP ARSI 7, e e L SRR e 1 m] DA
ESRIE
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Vpgm
\\\ \wm
7~—15
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ke b § JERLLP
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A method and apparatus for removing electrons from & surface of a floating gate
mamaory oxide lay are provided, comprises performing a negative pressure weak erase
gperation on a storage unit of al least one data stack or al least one data biotk of ali
data stacks, A negative pressure weak arase operation includes applying a first vollage
o & gate of a memaory cell of at least one dala stack or atleast one data block, A
second voltags is applied (o the substrate of the memaory cells in the al leas! one data
stack or al least one data biock, the value of the first voltage being smaller than
thevalue of the second voltage, and the source and drain of the memory celis in the at
teast one data stack or at least one data block are suspended. The embodiment of the
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an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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+: Sterne Kessler

" STERNE KESSLER GOLDSTEIN & FOX

MIN YANG, PH.D.

PATENT AGENT
(202)772-8702

MYANG @STERNEKESSLER.COM

October 16, 2020

Commissioner for Patents Confirmation No. 5773
PO Box 1450 Art Unit 2827
Alexandria, VA 22313-1450 Attn: Mail Stop Amendment

Re:  U.S. Utility Patent Application
Application 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 are the following documents:
1. Information Disclosure Statement;
2. Form PTO/SB/08a (1 sheet) listing 8 documents (US1-USS 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.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.

/Min Yang/
Min Yang
Agent for Applicant
Registration No. 78,149
M-Y/jcb
Enclosures 15719192 _1.docx

N

Tovan, Kosolie nldsteh S Fw 8L
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: CHEN et al. Confirmation No.: 5773
Applicant: Yangtze Memory Technologies Art Unit: 2827

Co., Ltd.

Application No.: 16/729,838 Examiner: LE, THONG QUOC
Filing Date: December 30, 2019 Atty. Docket: 4123.0850001

Title: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY

Information Disclosure Statement
Mail Stop Amendment
Commissioner for Patents

PO Box 1450
Alexandria, VA 22313-1450

Commissioner:

Listed on accompanying IDS Form PTO/SB/08a are documents that may be considered
material to the patentability of this application as defined in 37 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.
Statement under 37 C.F.R. 1.704(d). Each item of information contained in this Information
Disclosure Statement: (i) was first cited in any communication from a patent office in a
counterpart! 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.
Filing under 37 C.FR. § 1.97(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 37 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.
Filing under 37 C.F.R. § 1.97(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

I 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.

[]a. Statementunder 37 C.FR. § 1.97(e)(1). 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 CF.R. § 1.97(e)(1).

[]b. Statement under 37 C.F.R. § 1.97(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. § 1.56(c)
more than three months prior to the filing of this Information Disclosure Statement.
37 CFR. §1.97(e)(2).

[]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 CF R. § 1.17(p).

Filing under 37 C.FR. § 1.97(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. § 1.17(p); in addition:

Atty. Dkt. No. 4123.0850001
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[]a. Statementunder 37 C.FR. § 1.97(e)(1). 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 CFR. §1.97(e)(1).

[]b. Statement under 37 C.F.R. § 1.97(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. § 1.56(c)
more than three months prior to the filing of this Information Disclosure Statement.
37 CFR. §1.97(e)(2).

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 1.97(e)(1), 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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[]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)(I1I).
X] 7. A concise explanation of the relevance of the non-English language document(s) appears
below in accordance with 37 C.F.R. § 1.98(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 US1 (2012/0275223 A1) is submitted herewith as the English-language
counterpart of document FP1 (CN 102760490 A).
Document USS (10,121,554 B2) is submitted herewith as the English-language counterpart
of document FP2 (CN 108140415 A).
X]8. Copies of documents FP1-FP3 are submitted. However, in accordance with 37 C.F.R. §
1.98(a)(2)(i1), no copies of the U.S. patents and patent application publications cited as
documents US1-USS on the attached IDS Form are submitted.

[19. Copies of the documents were cited by or submitted to the Office

in an IDS that complies with 37 C.F.R. § 1.98(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. § 1.98(d).

Atty. Dkt. No. 4123.0850001
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[]10. Tt 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.
[]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 _1.docx

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Min Yang/
Min Yang, Ph.D.

Agent for Applicant
Registration No. 78,149

Atty. Dkt. No. 4123.0850001
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
16/729,838 12/30/2019 4123.0850001 5773
26111 7590 10/20/2020 | EXAMINER

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.

1100 NEW YORK AVENUE, N.W.
WASHINGTON, DC 20005

LE, THONG QUOC

| ART UNIT | PAPER NUMBER
2827
| NOTIFICATION DATE | DELIVERY MODE
10/20/2020 ELECTRONIC

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

e-office @sternekessler.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

16/729,838 CHEN etal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
THONG Q LE 2827 Yes

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

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)(J Responsive to communication(s) fledon
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ™ This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.

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

6) (J Claim(s) ___is/are allowed.

7) Claim(s) 1-3,7 and 9 is/are rejected.

8) Claim(s) 4-6,8 and 10-20 is/are objected to.

9) O Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)(0J The drawing(s) fledon ____is/are: a)(] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

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

a)ld All b)(J Some**  ¢)J None of the:
1.[] Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:
Paper No(s)/Mail Date I—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20201013
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Application/Control Number: 16/729,838 Page 2
Art Unit: 2827

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
1. Pre-amendment filed on 01/31/2020 has been entered.

2. Claims 1-20 are presented for examination.

Claim Rejections - 35 USC § 102
In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
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 —
(2)(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 claim 1, Lee discloses a method for conducting a read-verification
operation on g larget memaory cell ((U061-0082], target cell in 6.6 in & thres-

dimensional {30} memaory device {(Figure 8}, comprising:
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removinig fast charges of the largel memory cell at g read-prepare step {0064
GO71, comprising:

applving 3 prepare voltage (Veepare) On an unselecied top select gate
{Unsel _TS5G) of an unsslected memaory string ((G068], Figure 8, (Unsel) DEL,BSLY;

applying a first off voltage (Voify on g selecled word line (Sel WL associated with
the target memory cell (Figure 8§, GWL, LWL,[0067]); and

applving a pass voliage (Vpess) 0n an unselectad word ine (Unsel WL (Figure
&, 81,J0067-0068, and measuring a threshold vollage of the target memory cell al g
sensing step ([00381[0046LI0048-00501).

Regarding claim 2, Lee discloses further comprising: applyving a (op seleci gate
voltage (Visg) on a selected fop select gate (Bel _TSG) of a selected memory string
containing the target mamory cell ; and applying a lower select gate voltage (Visgyon a
lower select gate (LSG) of the seleciad memory sting containing the target memuory cell
{Figure &, (Sel) DBL, 88L).

Hegarding claim 3, Lee discloses wherein applyving the top select gate voltage
(Visg) comprises elecirically connacting the selected mamory string o a bit ing (Figure
7, BL); and applying the lower select gale voltage (Visg) comprises elecincally
conneciing the selected memaory string (o an array common source {Figure 7, {0061
00821, example a selectad ceall).

Hegarding claim 7, Lee discloses whergin measuring the thrashold voliage
comprises applying 2 read vollage (Visad) on the selecied word ling (SelWil) (0040

Regarding claim 8, Lee disclozes wherein applying the read voliage (Vread)
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comprises applying a second off voltage (Vpass) on the unsslectad word ing

tUnsel WL (0040]).

Allowable Subject Matter
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
wherein applving the top select gale voliage (Visg) comprises applying a voltage
betwean 4V 10 7Y, and wherein applving the lower select gate voltage {(Visg) comprises
applying a vollage belween 4V o 7V, and wharein applying the pass voliage (Vpass)
comprises applying the pass vollage with a delay period atier the selecied top select
gale (Sel TBG) and the lower select gate (LEG) are al the top select gate vollage
(Visg) and the lower select gate voltage {Visg), respectively. and wherain applying the

read vollage (Vread) comprisas applyving a voliage between § o 2V,

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to THONG QUOC LE whose telephone number is
(671)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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THONG Q LE 2827 Page 1 of 1
U.S. PATENT DOCUMENTS
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*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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EAST Search History

EAST Search History (Prior Art)

%Ref Hits Search Query DBs Default %Pluralsi Time
# : : - Operator ¢ Stamp

L1 170,590 " adj dimension$3 or three- ‘US-PGPUB;  OR ‘OFF . 2020/10/15
? .dimention$3 USPAT; :09:07 5
‘USOCR; 5 :

FPRS; EPO;

IPO;

:DERWENT;

‘IBM_TDB

12 4344 L1 and memory and method and ‘US-PGPUB;  OR :OFF  :2020/10/15
% ‘target and verify$3 and cell and USPAT; :09:07 5
-select$3 and $3select$3 USOCR; ? 5
‘FPRS; EPO:;
JPO;
:DERWENT;
'IBM_TDB

13 236 L2 and pass adj voltage .US-PGPUB; OR ‘OFF  :2020/10/15
o | USPAT; | | 09:07
USOCR; | : %
'FPRS; EPO;
JPO;
SDERWENT;
'IBM_TDB

4 57 L3 and threshold adj voltage with ~ US-PGPUB;  OR ‘OFF  :2020/10/15
% target with cell USPAT; :09:07 :
'USOCR; ? ?
'FPRS; EPO;
JPO;
DERWENT;
'IBM_TDB

L5 6 L4 and threshold adj voltage and ‘US-PGPUB;  OR ‘OFF . 2020/10/15
o target adj memory . USPAT; :09:07 5
‘USOCR; 5 :
FPRS; EPO;
IPO;
:DERWENT;
IBM_TDB

6 6 L4 and threshold adj voltage and ‘US-PGPUB;  OR :OFF  2020/10/15
% ? .target adj memory .USPAT; :09:14
s 'USOCR; s % %
‘FPRS; EPO;
JPO;
:DERWENT;
'IBM_TDB
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L7 4 582,327 ( (G11C16/0483 OR G11C16/24 OR  US-PGPUB;  OR OFF  2020/10/15
- 'G11C16/26 OR G11C16/30 OR 'USPAT; 10:18 |

‘G11C16/12 OR G11C16/3454 OR  USOCR; | :

'G11C11/5628 OR G11C16/100R  FPRS; EPO;

'G11C16/3459 OR G11C11/5642 OR  JPO;
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§Sl7 and pass adj voltage
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10/15/2020

Web Search History

date, time

web site

Prior Art Web Search Printable History Generator

search string

10/13/2020 11:18:09 AM

Google

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 (UnselTSG) 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.

10/13/2020 11:30:26 AM

Google
Images

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
(Prepare) on an unselected top select gate (UnselecTED) 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.

10/13/2020 11:30:26 AM

Google

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
(Prepare) on an unselected top select gate (UnselecTED) 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.

10/13/2020 11:32:54 AM

Google
Patents

Keyword Group 1
[remov$3 fast charge]
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10/15/2020

date, time web site

Prior Art Web Search Printable History Generator

search string

10/13/2020 11:33:15 AM  Google
Patents

Keyword Group 1

[remov$3 fast charge]

Keyword Group 2

[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 (UnselTSG) 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.]

10/13/2020 11:33:16 AM  Google
Patents

Keyword Group 1

[(remov$3 fast charge) (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 (UnselTSG) 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.)]

10/13/2020 11:33:44 AM  Google
Patents

Keyword Group 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 (UnselTSG) 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.)]
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10/15/2020

date, time

web site

Prior Art Web Search Printable History Generator

search string

10/13/2020 11:33:44 AM

Google

Patents

Keyword Group 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 (UnselTSG) 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.))]

10/13/2020 11:34:14 AM

Google
Patents

Keyweord Group 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: ]

10/13/2020 11:34:14 AM

Google
Patents

Keyword Group 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: )]

10/13/2020 11:34:51 AM

Google
Patents

Keyword Group 1
[applying a top select gate voltage (Vtsg) on a selected top
select gate (SelTSG) of a selected memory string containing
the target memory cell; and applying a lower select gate
voltage (Visg) on a lower select gate (LSG) of the selected
memory string containing the target memory cell]

10/13/2020 11:34:52 AM

Google
Patents

Keyword Group 1
[(applying a top select gate voltage (Vtsg) on a selected
top select gate (SelTSG) of a selected memory string
containing the target memory cell; and applying a lower
select gate voltage (Visg) on a lower select gate (LSG) of
the selected memory string containing the target memory
cell)]

10/13/2020 11:36:57 AM

Google
Patents

Keyweord Group 1
[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]
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Title: METHOD FOR READING THREE-DIMENSIONAL FLASH MEMORY

Reply Under 37 C.ER. § 1.111
Mail Stop Amendment
Commissioner for Patents

PO Box 1450
Alexandria, VA 22313-1450

Commissioner:

In reply to the Office Action dated October 20,2020 (“Office Action”), Applicant submits
the following Amendment and Remarks.

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. § 1.136(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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Commissioner for Patents Confirmation No. 5773
PO Box 1450 Art Unit 2827
Alexandria, VA 22313-1450 Attn: Mail Stop Amendment

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 ef al.
Our Ref: 4123.0850001

Commissioner:

Transmitted herewith for appropriate action is a document entitled Reply Under 37
CF.R §1.111, 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.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Donald J. Featherstone/

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

Reconsideration of this Application is respectfully requested.

Claims 1-20 are pending in the application, with claim 1 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)(1) 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 1 recites, inter alia, “applying a prepare voltage (Vprepare) o1 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 T1, Lee makes “all of the drain and [source] select lines DSL and SSL coupled to the memory
blocks float.” (Lee, §[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, [0071], FIG. 8.)
Lee only applies “a positive precharge voltage Vpre” to the bit lines BL.. (Lee, §[0066], FIG. 8.)
Thus, Lee does not disclose or suggest “applying a prepare voltage (Vprepare) 0n an unselected top

select gate (Unsel TSG) of an unselected memory string.”

! Emphasis added unless noted otherwise.

Atty. Dkt. No. 4123.0850001
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Lee, FIG. 8 (annotated).

In addition, claim 1 recites, inter alia, “applying a first off voltage (Vo) 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 WI1)” 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, §[0067], FIG. 8.) Therefore, Lee
does not apply different voltages to the selected and unselected word lines during the channel
boosting operation between time T1 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 1 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.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Donald J. Featherstone/

Donald J. Featherstone

Attorney for Applicant

Registration No. 33,876
Date: __1/19/21

1100 New York Avenue, N.W.
Washington, D.C. 20005-3934
(202) 371-2600

15828914.4
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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 (Votr) 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. (Original) The method of claim 1, further comprising:
applying a top select gate voltage (Visg) 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 (Visg) 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 (Visg)
comprises electrically connecting the selected memory string to a bit line; and applying the
lower select gate voltage (Visg) 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 (Visg)
comprises applying a voltage between 4V to 7V.

5. (Original) The method of claim 2, wherein applying the lower select gate voltage (Visg)
comprises applying a voltage between 4V to 7V.

Atty. Dkt. No. 4123.0850001
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10.

11.

12.

13.

14.

(Original) 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 (Visg) and the lower select
gate voltage (Visg), respectively.

(Original) The method of claim 1, wherein measuring the threshold voltage comprises

applying a read voltage (Vread) on the selected word line (Sel WL).

(Original) The method of claim 7, wherein applying the read voltage (Vicad) comprises
applying a voltage between 0 to 2V.

(Original) The method of claim 7, wherein applying the read voltage (Vicad) comprises
applying a second off voltage on the unselected word line (Unsel WL).

(Original) The method of claim 9, wherein applying the second off voltage on the unselected

word line (Unsel WL) comprises applying a OV.

(Original) The method of claim 7, wherein applying the read voltage (Vicad) comprises
applying the read voltage (Vrwad) when a voltage of the unselected top select gate
(Unsel TSG) is higher than a threshold voltage of an unselected memory cell.

(Original) The method of claim 7, wherein applying the read voltage (Vicad) comprises
applying the read voltage (Vrwad) when a voltage of the unselected top select gate

(Unsel TSG) equals to a threshold voltage of an unselected memory cell.

(Original) The method of claim 7, wherein applying the read voltage (Vicad) comprises
applying the read voltage (Vrwad) when a voltage of the unselected top select gate

(Unsel _TSG) is lower than a threshold voltage of an unselected memory cell.

(Original) The method of claim 1, wherein applying the prepare voltage (Vpreparc) comprises

applying a voltage between 4V to 7V.

Atty. Dkt. No. 4123.0850001
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15. (Original) The method of claim 1, wherein applying the first off voltage (Vofr) comprises
applying a OV.

16.  (Original) The method of claim 1, wherein applying the pass voltage (Vpass) 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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[A method for conducting a read-verification operation on a
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/729,838 06/22/2021 11043279 4123.0850001 5773
26111 7590 06/02/2021

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

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 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. OMB 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 OMB 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 1 6729838

Filing Date

December 30, 2019

First Named Inventor

Zilong CHEN

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
Number

44006

Title (if Applicant is a
juristic entity)

Attorney for Applicant

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.

*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 OMB Control Number. The OMB
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 InformationCollection@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-PT0O-9199 and select option 2.
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Doc Code: PA..

T PTO/AIAIBZE (07-13)
Document Description: Power of Attorney Approved for use through 09/30/2025. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

,

t hereby revoke all previous powers of attorney given in the application identified in gither the attached transmittal letter or
the boxes below.

Application Number Filing Date

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

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 PTO/AIA/B2A) or identified above:

or 34431

D I hereby appoint Practitioner{s) named in the altached list {form PTO/AIA/82C) as my/our attorney(s) or agenti(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 PTO/AIA/&2A) or identified above. (Note: Complete form PTO/AIA/82C.)

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

I:l The address associated with Customer Number: l
]
OR

D Firm or
Individual Name

Address

City | State | Zip |
Country
Telephone | Email |

1 am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Yangtze Memory Technologies Co., Lid.

l:] Inventor or Joint inventor (title not required below)

l:l Legal Representative of a Deceased or Legally Incapacitated Inventor (fitle 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)

I:] Person Who Otherwise Shows Sufficient Proprietary Interest {e.g., a petition under 37 CFR 1.46{b)(2) was granted in the
application or is concurrently being filed with this document) {provide signer's title if applicant is a juristic entity)

'#IGNATURE of Applicant for Patent

s autherized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

The undersigned (whose title is s

Signature | Date (Optional) |
Name TuentaMar-\.i‘e'I 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 cerlifications. If more than one applicant, use multiple forms.

DTotaI of forms are submitted.

A Federal agency may not conduct or sponsor, and a person Is not required to respond to, ner shall a person be subject to a penalty for failure fo comply with an information
collection subject to the requirements of the Paperwork Reduction Act of 19925, unless the information coltection has a currenily valid OMB Control Number, The OMB Conirol
Number for this information collection is 0551-0035. Public burden for this form is estimated to average 3 minutes per respanse, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and compieting and reviewing the information collection. Send comments regarding this burden
estimale or any other aspect of this information collection, including suggestions for reducing this burden to the Chiel Administrative Qfficer, United Statss Patant and
Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov. DO NOT SEND FEES CR COMPLETED FORMS TQO THIS
ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

i you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

1913823 2023/12/27
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913823

Privacy Act Statement

The Privacy Act of 1974 {P.1. 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 (USPTQ) 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'sfowner’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
coliected in this form is COMMERCE/PAT-TM-7 Patent Application Files, available in the
Federal Register at 78 FR 19243 (March 29, 2013). hitps://www.govinfo.gov/content/pka/
FR-2013-03-29/pdf/2013-0734 1.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 respense 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; 8} 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. 2804 and 29086,
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 {(OMB)
for legislative coordination and clearance.

if you do not furnish the information requested on this form, the USPTO 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 USPTO 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, lii} 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); andfor 3) the National Archives and Records Administration, for
inspection of records.

2023/12/27
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New Applications Under 35 LS.C, 114

If a new application is being fled and the application inciudes the necessa’y components for filing date (see 37 CFR 1.53{0)-(h
and MPER 508), a Fillng Recelpt (37 CFR 1.54) will ba issued in dus courss and the gate shown an this Acknowledpement
Receipt will astablish the ling date of the application
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National Siage of an nternational Appleation under 35 US.C. 371

& imely submission 1o enter the nationad slage of an intem i-ssr‘ Eapnic...m: is compliant with the conditions of 38 BL.8.C.
371 and other applicable requirements a me 3CT":)\ /(Y303 3 acceptanca of the application as a national stage
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Now international Applicadion Filed with the USPTO as a Recsiving Office
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S UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: (P;gl\gMIIS“S;)ONER FOR PATENTS

O, Box

Alexandria, Virginia 22313-1450
‘www.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/729,838 12/30/2019 Zilong CHEN 2018-00538-YMTC-PCT-US
CONFIRMATION NO. 5773
34431 POA ACCEPTANCE LETTER
HANLEY, FLIGHT & ZIMMERMAN, LLC
10'S. WACKER DRIVE G
SUITE 3500 0C000000075356312

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.

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.

/tnguyen/

page 1 of 1
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7 % UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: (P;gl\gMIIS“S;)ONER FOR PATENTS

O, Box

Alexandria, Virginia 22313-1450
‘www.uspto.gov

| APPLICATION NUMBER FILING OR 371(C) DATE

FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/729,838 12/30/2019 Zilong CHEN 4123.0850001
CONFIRMATION NO. 5773
26111

POWER OF ATTORNEY NOTICE
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.

1101 K Sireet, NW T TR
0C000000075356202

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).

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.

/tnguyen/

page 1 of 1
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