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( UTILITY
PATENT APPLICATION
TRANSMITTAL

\ (Only for new nonprovisional applications under 37 CFR 1.53(b))

Attorney Docket No. 4123.0350001
First Named Inventor  [Jun LIU
Title See 1 in Addendum

Priority Mail Express®
Label No.

_/

APPLICATION ELEMENTS

See MPEP chapter 600 concerning utility patent application contents.

ADDRESS TO:

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

1. D Fee Transmittal Form
(PTO/SB/17 or equivalent)

2. |:| Applicant asserts small entity status.
See37 CFR1.27

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

4. m Specification [Total Pages 44 ]

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 13 ]

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

7. 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)

D Landscape Table on CD

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

a. D Computer Readable Form (CRF)

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

c. l:l Statements verifying identity of above copies

ACCOMPANYING APPLICATION PAPERS

10. D Assignment Papers
(cover sheet & document(s))

Name of Assignee
Yangtze Memory Technologies Co., Lid.

11.
12.

(if applicable)
13.

14.
15.

16.

Oo0o0oo Oogd

17.

or equivalent.
18.

I

37 CFR 3.73(c) Statement
{when there is an assignee)

English Translation Document

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

|:, 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

other: _Authorization under 37 CFR 1.136(a)(3)

Power of Attorney

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 D Correspondence address below
Name
Address
City State Zip Code
Country Telephone Email
7 - R ) )
Signature /Donald J. Featherstone/ Date 9/10/18
Name Registration No.
 (print/Type) |DONAId J. Featherstone (Attorney/Agent) | 33,876 y

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.

9960905
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1. MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: LIU ef al. Confirmation No.: 7o Be Assigned
Applicant: Yangtze Memory Technologies Art Unit: To Be Assigned

Co., Ltd.

Application No.. 7o Be 4ssigned Examiner: o Be Assigned
(Continuation of Appl. No. Atty. Docket: 4123.0350001
PCT/CN2018/697432; Filed: July 27, 2018)

Filed: Herewith

Title: MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND
FABRICATION METHOD THEREQGF

Authorization to Treat a Reply as Incorporating an
Extension of Time Under 37 C.FR. § 1.136(a)(3)
Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450
Commigsioner:

The U.8. Patent and Trademark Office is hereby authorized to treat any concurrent or future
reply that requires a petition for an extension of time under this paragraph for its timely submission,
as incorporating a petition for extension of time for the appropriate length of time. The U.S. Patent
and Trademark Office is hereby authorized to charge all required extension of time fees to our
Deposit Account No. 19-00306, if such fees are not otherwise provided for in such reply.

Respectfully submitted,

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

Donald J. Featherstone

Attorney for Applicant

Registration No. 33,876
Date:  9/10/18

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

9960906 _1.docx
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

. . Attorney Docket Number | 4123.0350001
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

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:

inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Jun LU

Residence Information (Select One) (O US Residency  (® Non US Residency () Active US Military Service

City Wuhan, Hubei Country of Residence i CN

Mailing Address of Inventor:

Address 1 Yangtze Memory Technologies Co., Ltd.

Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone

City Wuhan, Hubei ! State/Province l

Postal Code | Countryi CN

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Zongliang HUO

Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service

City |Wuhan, Hubei Country of Residence CN

Mailing Address of Inventor:

Address 1 Yangtze Memory Technologies Co., Ltd.

Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone

City Wuhan, Hubei ' State/Province
Postal Code | Countryi i CN
Inventor 3

Legal Name

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

. . Attorney Docket Number | 4123.0350001
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF
Prefix| Given Name Middle Name Family Name Suffix
Li Hong XIAO
Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service
City |Wuhan, Hubei Country of Residence CN
Mailing Address of Inventor:
Address 1 Yangtze Memory Technologies Co., Ltd.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei ! State/Province !
Postal Code | Countryi , CN
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Zhenyu LU
Residence Information (Select One) (O US Residency  (® Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence i CN
Mailing Address of Inventor:
Address 1 Yangtze Memory Technologies Co., Ltd.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei I State/Province
Postal Code | Country i CN
Inventor §
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Qian TAO
Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service
City |Wuhan, Hubei Country of Residence CN
Mailing Address of Inventor:
Address 1 Yangtze Memory Technologies Co., Ltd.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei I State/Province |
Postal Code | Countryi ' CN

EFS Web2.2.13
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

4123.0350001

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

inventor 6
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Yushi HU
Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service
City |Wuhan, Hubei Country of Residence CN
Mailing Address of Inventor:
Address 1 Yangtze Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei I State/Province
Postal Code | Countryi CN
Inventor 7
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Sizhe LI
Residence Information (Select One) (O US Residency (® Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence i

Mailing Address of Inventor:

Address 1 Yangtze Memory Technologies Co., Ltd.

Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone

City Wuhan, Hubei ! State/Province !

Postal Code | Countryi CN

Inventor 8

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Zhao Hui TANG

Residence Information (Select One) (O US Residency

(® NonUS Residency () Active US Military Service

City Wuhan, Hubei

Country of Residence

CN

Mailing Address of Inventor:

Address 1

Yangtze Memory Technologies Co., Ltd.

Address 2

18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone

EFS Web2.2.13
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

4123.0350001

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

City Wuhan, Hubei l State/Province !
Postal Code | Countryi CN
Inventor 9
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Yu Ting ZHOU
Residence Information (Select One) (O US Residency  (® Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence i CN
Mailing Address of Inventor:
Address 1 Yangtze Memory Technologies Co., Ltd.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei ! State/Province I
Postal Code | Country i CN
Inventor 10
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Zhaosong L
Residence Information (Select One) (O US Residency (8 Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence 5 CN

Mailing Address of Inventor:

Address 1 Yangtze Memory Technologies Co., Ltd.

Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone

City Wuhan, Hubei I State/Province |
Postal Code ‘ | Countryi CN

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

Correspondence Information:

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

EFS Web2.2.13
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PTO/AIA/14 (02-18)
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 contains a valid OMB control number.

Attorney Docket Number | 4123.0350001

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

Application Information:

Title of the Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
THEREOF

Attorney Docket Number| 4123.0350001 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 13 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)

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

] 35 U.8.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 ' (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number 26111

EFS Web2.2.13
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

Attorney Docket Number | 4123.0350001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

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

Filing or 371(c) Date

Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of PCT/CN2018/097432 2018-07-27

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

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)l 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).

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.

Statement under 37 CFR 1.55 or 1.78 for AlA (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 Web2.2.13
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

. . Attorney Docket Number | 4123.0350001
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

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 (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
.

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 Web2.2.13
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PTO/AIA/14 (02-18)

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

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number | 4123.0350001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

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.

O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

(® Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Yangtze Memory Technologies Co., Ltd.

Mailing Address Information For Applicant:

Address 1 18 Gaoxin 4th Road

Address 2 East Lake High-Tech Development Zone

City Wuhan, Hubei State/Province
Countrf | CN Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFS Web2.2.13
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PTO/AIA/14 (02-18)

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 contains a valid OMB control number.

. . Attorney Docket Number | 4123.0350001
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD THEREOF

Assignee 1

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

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

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name

Yangtze Memory Technologies Co., Ltd.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 18 Gaoxin 4th Road

Address 2 East Lake High-Tech Development Zone

City Wuhan, Hubei State/Province
Countryi CN Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
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
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MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND
FABRICATION METHOD THEREOF

BACKGROUND

{6001} flash memory devices have undergone rapid development. Flash memory devices
can store data for a considerably long time without powering, and have advantages such as
high integration level, fast access, easy erasing, and rewriting. To further improve the bit
density and reduce cost of tlash memory devices, three-dimensional NAND flash memory
devices have been developed.

{60602} A three-dimensional {(3D) NAND memory device includes one or more stacks of
word lines {or gate electrodes) arranged over a substrate, with a plurality of semiconductor
channels, through and intersecting word lines, into the substrate. A stack of word lines
includes word lines of difterent levels/tiers stacking along a direction perpendicular to the
substrate, where a different level/tier represents a different height from the surface of the
substrate.

[6003] A multiple-stack (or multiple-level) 3D NAND memory device often includes
multiple stacks of word lines arranged along the direction perpendicular to the substrate.
Channel holes are respectively formed in each stack for the subsequent formation of
semiconductor channels through the multiple-stack 3D memory device. This arrangement
can have the advantages of, e g, allowing more memory cells to be formed along the
direction perpendicular to the substrate, reducing the number of photomasks during staircase
formation, and avoiding substrate over etch during high aspect ratio etches. To form this
multiple-stack memory device, supporting piltars are used in the fabrication process to
provide mechanical support and prevent pattern collapse. However, the fabrication processes

of semiconductor channels and supporting pillars are time-~-consuming and costly.

BRIEF SUMMARY

{6004} Embodiments of three-dimensional memory device architectures and fabrication
methods therefore are disclosed herein. The disclosed structures and methods provide

numerous benefits, including, but not limited to simplifying the fabrication process, reducing
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the size of the three-dimensional memory device, and improving the space utility of the chip
which the three-dimensional memory device is formed on.

j0005] In some embodiments, a memory device includes a substrate and a multiple-stack
staircase structure. The multiple-stack staircase structure can include a plurality of staircase
structures stacked over the substrate. Each of the plurality of staircase structures can include
a plurality of conductor layers, and each of the plurality of conductor layers is located
between two insulating layers. In some embodiments, the memory device also includes a
filling structure surrounding the multiple-stack staircase structure, a semiconductor channel
extending through the multiple-stack staircase structure, and a supporting pillar extending
through the multiple-stack staircase structure and the filling structure. The semiconductor
channel can include unaligned sidewall surfaces, and the supporting pillar can include
aligned sidewall surfaces.

[0006] In some embodiments, the mulii-stack staircase structure includes a first staircase
structure over the substrate and a second staircase structure over the first staircase structure.

[6007] In some embodiments, the supporting pillar extends from a top surface of the
second staircase structure to a bottom surface of the first staircase structure.

{8008} {n some embodiments, supporting pillar and the semiconductor channel include
same filling layers.

{6009} In some embodiments, the supporting pillar and the semiconductor channel is
each filled with at least one of a charge trapping film, a semiconductor channel film, and a
dietectric core.

0010} In some embodiments, the supporting pillar and the semiconductor channel are
filled with ditferent filling layers.

{6011} In some embodiments, the supporting pillar is filled with at least one of an
insulating material and a pillar-support material surrounded by the insulating material. Tn
some embodiments, the semiconductor channel is filled with at least one of a charge trapping
film, a semiconductor channel film, and a dieleciric core.

[0012) In some embodiments, the insulating material includes silicon oxide and the metal

material includes at least one of copper, cobalt, nickel, and aluminum.
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{6013} In some embodiments, the memory device further includes a joint insulating layer
hetween the first staircase structure and the second staircase structure, and an insulating cap
layer over the second staircase structure.

[0014] In some embodiments, the memory device further includes a drain region over the
semiconductor channel.

[00615] In some embodiments, the memory device further includes a connection layer in
the semiconductor channel between two adjacent staircase structures. The connection layer
can include a doped semiconductor material, and portions of the semiconductor channel
separated by the connection layer can each form a semiconductor sub~channel.

{0016} In some embodiments, a method for forming a memory device includes forming a
plurality of dielectric stacks stacked on one another over a substrate to create a multiple-stack
staircase structure. Each one of the plurality of dielectric stacks can inchude a plurality of
dielectric pairs arranged along a direction perpendicular to a top surface of the substrate. In
some embodiments, the method further includes forming a multiple-stack staircase structure
based on the plurality of dielectric stacks, forming a filling structure that surrounds the
multiple-stack staircase structure, and forming a semiconductor channel extending through
the multiple-staircase structure. The semiconductor channel can include unaligned sidewall
surfaces. The method can further include forruing a supporting pillar extending through at
least one of the multiple-staircase structure and the filling structure. The supporting pillar can
include aligned sidewall surfaces.

j0017] In some embodiments, forming the supporting pillar includes forming a
photoresist laver over at least one of the filling structure and the multiple-stack staircase
structure, and patterning the photoresist layer to form a patterned photoresist layer with an
opening that exposes a portion of the filling structure. A location of the opening can
correspond to a location of the supporting pillar. In some embodiments, forming the
supporting pillar further includes using the patterned photoresist layer as an etch mask to etch
through at feast one of the filling structure and the multiple-stack staircase structure to form a
pillar hole, wherein a bottom of the pillar hole contacts the substrate, and filling the pillar

hole with a first material.
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{6018} In some embodiments, forming the semiconductor channel includes forming a
first sub-channel hole in a first dielectric stack of the plurality of dielectric stacks and filling
the first sub-channel hole with a sacrificial filling material to form a sacrificial filling
structure. The method further includes forming a second dielectric stack over the first
dielectric stack and forming a second sub-channel hole in the second dielectric stack. In some
embodiments, the second sub-channel hole aligns with the sacrificial filling structure along
the direction perpendicular to the top surface of the substrate and the second sub-channel
hole adjoins the first sub-channel hole to form a channel hole through the plurality of
dielectric stacks and into the substrate. In some embodiments, the method also includes
removing the sacrificial filling structure in the first sub-channel hole, and filling the channel
hole with a second material.

j0019] In some embodiments, the first material is same as the second material and are
formed by same fabrication operations, and the same fabrication operations includes
sequentially depositing at least one of a charge trapping film, a semiconductor channel film,
and a dielectric core into the channel hole and the pillar hole.

{6020} In some embodiments, the pillar hole is forrmed before a formation of the second
sub-channel hole.

jo021] In some embodiments, the pillar hole is formed before the formation of the second
sub-channel hole and after the sacrificial filling structure.

[6022] In some embodiments, the pillar hole is formed after a formation of the first sub-
channel hole and the second sub-channel hole.

0023} In some embodiments, the first material is different from the second material and
is formed by a different deposition operation than the second material.

{6024] In some embodiments, the first material includes at least one of an insulating
material and a pillar-support material surrounded by the insulating material, and the second
material includes at least one of a charge trapping film, a semiconductor channel film, and a
dielectric core.

{0025) In some embodiments, the insulating material includes silicon oxide and the

pillar-support material includes at least one of copper, cobalt, nickel, and aluminum.
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{6026} In some embodiments, forming the semiconductor channel includes forming a
first semiconductor sub-chaunel in the first dielectric stack, forming a connection layer over
the first semiconductor sub-channel, wherein the connection layver comprises a doped
semiconductor material, and forming a second dielectric stack and a second semiconductor
sub-channel in the second dielectric stack. The second semiconductor sub-channel can align
with and adjoin the first semiconductor sub-channel to form a semiconductor channel
extending through the plurality of dielectric stacks and into the substrate.

6027} In some embodiments, forming the first semiconductor sub-channels includes
forming a first sub-channel hole in the first dielectric stack of the plurality of dielectric stacks
and depositing a second material into the first sub-channel hole. In some embodiments,
forming the second semiconductor sub-channel hole includes forming the second dielectric
stack over the first dielectric stack of the plurality of dielectric stacks and a second sub-
channel hole in the second dielectric stack, and depositing the second material into the
second sub-channel hole. The second sub-channel hole can align with and adjoin the first
sub-channel hole along the direction perpendicular to the top surface of the substrate.

[6028] In some embodiments, the first material is same as the second material and are
formed by same fabrication operations and the same fabrication operations includes
sequentially depositing at least one of a charge trapping film, a semiconductor chanunel film,
and a dielectric core into the channel hole and the pillar hole.

[6029] In some embodiments, the pillar hole is formed before a formation of the second
sub-channel hole.

{06030} In some embodiments, the pillar hole is formed after the formation of the first
semiconductor sub-channel and before the second sub-channel hole.

{6031} In some embodiments, the pillar holes are formed after a formation of the first
semiconductor sub-channel and the second sub-chanunel hole.

j0032} In some embodiments, the first material is different from the second material and
is formed by a different deposition operation than the second matenial.

{0033] In some embodiments, the first material includes at least one of an insulating

material and a pillar-support material surrounded by the insulating material, and the second
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material includes at least one of a charge trapping film, a semiconductor channel film, and a
dielectric core,

{6034} In some embodiments, the insulating material includes silicon oxide and the
pillar-support material includes at least one of copper, cobalt, nickel, and aluminum.

{0035) In some embodiments, the piliar hole is formed after a formation of the multiple-
stack staircase structure and the first sub-channel hole.

{0036} In some embodiments, a method for forming a memory device includes
depositing a plurality of dielectric stacks one another over a substrate to form a multiple-
dielectric-stack structure. Each one of the plurality of dielectric stacks can include a plurality
of first material layer and second material layer alternatingly arranged along a direction
perpendicular to a top surface of the substrate. The method can also include forming a first
semiconductor sub-channel in a first dielectric stack of the plurality of dielectric stacks, and
forming a second dielectric stack of the plurality of dielectric stacks over the first dielectric
stack. The method can further include forming a second semiconductor sub-channel in the
second dielectric stack. The second semiconductor sub-channel can align with the first
semiconductor sub-channel along the direction perpendicular to the top surface of the
substrate. The method can further include patterning the multiple-dielectric-stack structure to
form a multiple-stack staircase structure.

{6037} In some embodiments, patterning the multiple-dielectric-stack structure includes a
single staircase-forming patterning process.

{0038} In some embodiments, the staircase-forming patterning process includes forming
a photoresist layer over the multiple-dielectric-stack structure, trimming the photoresist layer
along a first direction parallel to a top surface of the substrate, and etching the multiple-
dielectric-stack structure, using the trimmed photoresist layer as an etch mask to form a
staircase.

j0039] In some embodiments, forming the first semiconductor sub-channel! and the
second semiconductor sub-chanuel include forming a first sub-channel hole in the first
dielectric stack and a second sub~channel hole in the second dielectric stack, and filling the

first sub-channel hole and the second sub-channel hole each with channel-forming layer.
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{6040} In some embodiments, the channel-forming materials include at least one of a
charge trapping film, a serviconductor channel film, and a dielectric core.

0841} In some embodiments, the method further includes forming a joint insulating
material laver between the first dielectric stack, forming an opening in the joint insulating
material layer to expose the first semiconductor sub-channel, and performing a recess etch to
remove a top portion of the channel-forming layers of the first semiconductor sub-channel
and form a recess region. The method can also include forming a connection layer in the
recess region and patterning the joint insulating material layer to form a joint insulating layer.

j0042] In some embodiments, forming the connection layer includes depositing a doped
semiconductor material.

{0043} In some embodiments, the doped semiconductor material includes doped silicon.

j0044] In some embodiments, the method further includes forming a drain region over

the second semiconductor sub-channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Aspects of the present disclosure are best understood from the following detailed
description when read with the accompanying figures. It is noted that, in accordance with the
common practice in the industry, various features are not drawn to scale. In fact, the
dimensions of the various features may be arbitrarily increased or reduced for clarity of
iltustration and discussion. Multiple instances of an element may be duplicated where a
single instance of the element is illustrated, unless absence of duplication of element is
expressly described or clearly indicated otherwise.

{8046} FIGs. 1-12 are each an illustration of a cross-sectional view of a 3D memory

device at different stages of an exemplary fabrication process, according to some

embodiments.
[6047] FIG. 13 is an exemplary fabrication process to form a 31 memory device,

according to some embodiments.
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DETAILED DESCRIPTION

{0048} 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 ast
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.
j0049] 1t is noted that references in the specification to “one embodiment,” “an
embodiment,” “an exaraple embodiment,” “some embodiments,” etc., indicate that the

embodiment described may include a particular feature, structure, or characteristic, but every
embodiment may 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 pertingnt art to effect such
feature, structure or characteristic in connection with other embodiments whether or not
explicitly described.

j005¢] In general, terminclogy may be understood at least in part from usage in context.
For example, the term “one or more” as used herein, depending at feast in part upon context,
may be used to describe any feature, structure, or characteristic in a singular sense or may be
used to describe combinations of features, structures or characteristics in a plural sense.

119

Similarly, terms, such as “a,” “an,” or “the,” again, may be understood to convey a singular
usage or to convey a plural usage, depending at least in part upon context.

[6051] 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 therebetween, and that “above” or “over” not only means the
meaning of “above” or “over” something but can also include the meaning it is “above” or
“over” something with no intermediate feature or layer therebetween (i.e., directly on

something).
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{0052} Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“upper,” and the like, may 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 operation in addition to the origntation depicted in the figures. The apparatus may be
otherwise oriented {rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accordingly.

j0053] As used herein, the term “substrate” refers to a matenial onto which subsequent
material layers are added. 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.

{6054] As used herein, the term “layer” refers to a material portion including a region
with a thickness. A layer can extend over the entirety of an underlying or overlying structure,
or may 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 pair 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, thereabove, and/or therebelow. A layer can include
multiple layers. For example, an interconnect layer can include one or more conductor and
contact layers (in which contacts, interconnect lines, and/or vias are formed) and one or more
dielectric layers.

j0055] 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 operation, 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 vartations in manufacturing processes

or tolerances. As used herein, the term “about” indicates the value of a given quantity that
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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).

{0056] As used herein, the term “3D memory device” refers to a 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. As used herein, the term
“vertical/vertically” means nominally perpendicular to the lateral surface of a substrate.

{0057} 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 sacrificial layer and the
underlying insulating layer can together 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.

[{6058] The trend in three-dimensional NAND memory industry includes the reduction of
device dimensions and the simplification of fabrication process. In a multiple-stack 3D
memory device, word lines (control gate electrodes) of multiple stacks are arranged along a
direction perpendicular to the top surface of a substrate. A “stack” refers to a pile of objects,
arranged along a designated direction. These word lines are arranged to form a multiple-stack
staircase structure. Memory cells for storing data are embedded in stacks of word lines, and
the semiconductor channels formed through the stacks of word lines. This configuration
allows more memory cells to be formed within a unit area.

{6059] To form a multiple-stack 3D NAND memory device, word lines of different tiers
in different stacks are formed by replacing sacrificial material layers with a conductive
material in the multiple-stack staircase structure. Supporting pillars are formed through the
multiple-stack staircase structure to prevent pattern collapse during the formation of word
lines. In an example, multiple dieleciric stacks or multiple stacks of dielectric pairs (e.g.,
sacrificial material layer/insulating material layer pairs) are formed sequentially along a

direction perpendicular to the surface of a substrate. The multiple dielectric stacks can
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include the same number of different numbers of dielectric stairs, e.g., 32 tiers, 48 tiers, and
64 tiers. The dielectric stack at the bottom (e.g., a lower dielectric stack that is closest to the
top surface of the subsirate) is first formed, and sub-channel holes and sub-pilfar holes are
formed in this stack. A patterning process is performed on the dielectric pairs of the lower
dielectric stack to form a staircase structure {e.g., a lower staircase structure). Another
dielectric stack is then formed over the lower dielectric stack and undergoes a similar
fabrication process to form an upper staircase structure with sub~channel holes and sub-pillar
holes. The sub-channel holes and the sub-pillar holes in the upper staircase structure align
and adjoin the sub~channel holes and the sub-pillar holes in the lower staircase structure
along the direction perpendicular to the surface of the substrate. The upper staircase structure
and the lower staircase structure form the multiple-stack staircase structure. The adjoined
sub-channel holes and adjoined sub-pillar holes are then filled with suitable materials to form
semiconductor channels and supporting pillars, respectively. In the present disclosure, sub-
channel holes and sub-piliar holes respectively refer to the cavity structures formed in one
dielectric stack/staircase structure, and are used to merely distinguish the channel hole and
piltar hole (adjoined cavity structure) through the multiple-stack staircase structure. The
terms “sub-channel hole” and “sub-pillar hole” do not imply any difference in other aspects
such as fabrication order or functions.

{6060} In this fabrication process, dielectric stacks {e.g., upper dielectric stack and lower
dielectric stack) are patterned separately to form respective staircase structures {e.g., upper
staircase structure and lower staircase structure), and separate photomasks are used to
perform the patterning processes. Sub-channel holes and sub-pillar holes of different
staircase structure are formed before the deposition of next dielectric stack. Semiconductor
channels and supporting pillars through the multiple-stack staircase structure are then often
formed by respectively adjoining sub-channel holes and sub-pillar holes of adjacent dielectric
staircase structures along the direction perpendicular to the surface of the substrate and filling
the adjoined sub-channel holes and sub-pillar holes with suitable materials, such as materials
that fill semiconductor channels.

[0061] The tabrication process described above can have several issues. First, because a

different photomask {or a different set of photomasks) is often used to pattern sub-channel
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holes and sub-piliar holes of each dielectric stack, the number of photomasks and
corresponding photolithography operations used to form multiple-stack staircase structures
can be undesirably large, increasing cost and processing time of the fabrication process.
Second, because an upper dielectric stack is often formed after the formation of the lower
staircase structure and its dielectric filling structure {e.g., the lower dielectric filling
structure), processing {e.g., etching) on the lower staircase and the lower dielectric filling
structure often affect film qualities of the upper dielectric stack. For example, topography of
the lower staircase and the lower dielectric filling structure can cause defects in the upper
dielectric stack, adversely affect the film quality of the upper dielectric stack. Third, sub-
channel holes and sub-piliar holes of the same dielectric stack often have different
dimensions and are often formed from the same patterning/etching process, making it
challenging to form them together with high uniformity, Further, because channel holes and
pillar holes through the multiple-stack staircase structure are formed by adjoining sub-
channel holes and sub-pillar holes of each staircase structure along the direction
perpendicular to the surface of the substrate, the etching and aligning of sub-channel holes
and sub-pillar holes may require higher precision control.

{8062} Inner sidewall (or sidewall) of a pillar hole through the memory structure can be
formed by respectively adjoining sidewalls of supporting pillars of the multiple staircase
structures stacked together. A supporting pillar formed by the fabrication processes described
above can be referred to having an “adjoined/connected sidewall,” which can include one or
more connection portion formed by the adjoining of sub-pillar holes (e.g, at the interface of
two adjoined sidewalis). The sidewall can thus have unaligned {(or disjointed) surfaces at the
connection portions. The unaligned surfaces can refer o the inconsistent hole dimensions
caused by etching holes with high aspect-ratio (e.g., greater than 4). For example, when a
first sub-pillar hole adjoins a second sub-pillar hole underneath, the diameter of the bottom of
the first sub-pillar hole can be smaller than the diameter of the top of the second sub-pillar
hole, creating unaligned surfaces along the vertical direction at the adjoining interface. In
contrast, a pillar hole formed without adjoining sub-pillar holes can be referred to having a

sidewall of aligned (or non-disjointed) surfaces. For example, the pillar hole formed by the
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present disclosure can extend through the memory structure and can have aligned sidewall
surfaces.

j0063] For simplicity, the fabrication process of repeatedly etching dielectric pairs of a
dielectric stack to from a staircase structure based on the dielectric stack is referred to as a
“staircase-forming patierning” process. Each staircase-forming patiern can include a plurality
of repeated etching/patterning of dielectric pairs of the respective dielectric stack. Tn some
emnbodiments, two staircase-forming patterning processes are often employed to form a two-
stack staircase structure.

[0064] The present disclosure describes structures and methods for forming a 3D
memory device. According to the disclosed structures and methods, dielectric pairs of
multiple stacks that form a multiple-stack memory device are patterned by one staircase-
forming patterning process to form the multiple-stack staircase structure. Etching of the
dielectric pairs of the multiple dielectric stacks can be performed after the dielectric pairs of
the multiple dielectric stacks are deposited. Pillar holes through the multiple-stack staircase
structure can be formed after the formation of the multiple-stack staircase structures by one
patterning process. Pillar holes can be formed, e.g., before or after the formation of the
channel holes of the upper dielectric stack. Supporting pillars of the memory device can be
formed by filling the pillar holes with any suiiable materials, e.g., the same material that
forms the semiconductor channels employing the film deposition of semiconductor channels.
Similar processes can also be used to form supporting pillars in a double-channel memory
device.

[0065] By using the disclosed structures and methods, multiple-stack staircase structures
can be formed by one staircase-forming patterning process, thereby avoiding multiple
patterning of different dielectric stacks. A reduced number of photomasks and
photolithography processes can be used to form multiple-stack staircase structures with
semiconductor channels and supporting pillars. The formation of 3D memory devices can be
simplified and less time consuming. Meanwhile, formation of supporting pillars is
compatible with the formation of multiple-stack staircase structures. Less patterning is

needed for the formation of supporting pillars and the fabrication process of the 3D memory
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device is thus simplified and less costly which can in turn improves device yield and
performance.

j0066] For illustrative purposes, a 3D NAND memory device is used to describe the
present disclosure. The exemplary 3D NAND memory device includes an upper stack of
word lings and a lower stack of word lines, which are respectively formed from an upper
dielectric stack and a lower dielectric stack. The disclosed methods can be used to form any
suitable multiple-stack memory device with an increased number of stacks. In various
embodiments, the upper dielectric stack can represent the last dielectric stack of the multiple
dielectric stacks.

{0067} in the present disclosure, a “staircase structure” or a “stepped cavity structure,” or
similar refer to a structure having stepped surtaces. In the present disclosure, “stepped
surfaces” refer to a set of surfaces that include at least two horizontal surfaces {e.g., along x-y
plane} and at least two (e.g., first and second) vertical surfaces {e.g., along the z axis) such
that each horizontal surface is adjoined to a first vertical surface that extends upward from a
first edge of the horizontal surface, and is adjoined to a second vertical surface that extends
downward from a second edge of the horizontal surface. A “step” or “staircase” refers to a
vertical shift in the height of a set of adjoined surfaces. In the figures of the present
disclosure, x axis propagates along a direction perpendicular to the v-z plane.

{6068} In the present disclosure, a dielectric stack or a stack of dielectric pairs refers to a
pile of {or a plurality of) dielectric pairs stacked along the direction perpendicular to the top
surface of the substrate. The dielectric stack can undergo a patterning and/or eiching process
to form a staircase structure. For example, a lower/bottom dielectric stack can be
patterned/eiched to form a lower/bottom staircase structure, and so on. Accordingly, multiple
dielectric stacks, one on top of another over the substrate, can be patterned/etched to form a
multiple-stack staircase structure. Channel holes formed in each staircase structure can align
with and adjoin channel holes of adjacent (e g., upper or lower} staircase structure to form
adjoined/combined channel holes through the multiple-stack staircase structure. The term
“through” an object refers to being from the top surface/portion to the bottom surface/portion
of the object. For example, channel holes through each staircase structure can be adjoined to

form channel holes through the multiple-stack staircase structure, and pillar holes can be
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formed to be through the memory structure. For descriptive simplicity, “multiple-stack
staircase structure” can be interchangeable with “staircase structure” in the embodiments.

[0069] Fabrication processes to form a 31 memory device are illustrated. FiGs. 1-6
illustrate exemplary processes to form supporting pillars through a multiple-stack staircase
structure of a 3D multiple-stack memory device, and FIGs. 7-12 illustrate an exemplary
process to form the multiple-stack staircase structure in the 3D multiple-stack memory
device.

0076} FiG 1 illustrates a cross-sectional view of a memory structure 100 at the
beginning of a fabrication process to form a 3D NAND memory device, according to some
embodiments. As shown in FIG. 1, memory structure 100 includes a substrate 107, a first
doped region 106 in substrate 107, a second doped region 105 in first doped region 106, a
dielectric layer 104 over substrate 107, a plurality of transistors 108 over substrate 107 and
covered by an isolation layer 109, and a first dielectric stack 103 over dielectric layer 104
and isolation layer 109. Memory structure 100 can be divided into a core region 110 and a
periphery region 120, for illustrative purposes. Periphery region 120 can include the plurality
of transistors 108 for providing control signals and can surtound core region 110, Periphery
region 120 can also be under core region 110, depending on the type of the memory device.

j0071] In core region 110, first dielectric stack 103 {e.g., lower dielectric stack) can
include a plurality of dielectric pairs repeatedly arranged along a direction perpendicular to
the top surface of substrate 107 {e.g., the z axis). A dielectric pair can include a sacrificial
material laver and an insulating material layer. First dielectric stack 103 can include
sacrificial material fayers and insulating material layers alternatingly stacked along the z axis.
in a dielectric pair, 102 and 101 can each be one of a sacrificial material layer and an
insulating material layer. In the present disclosure, 102 represents an insulating material layer
and 101 represents a sacrificial material layer. The sacrificial material layers 101 and the
insulating material layers 102 can include different materials. In some embodiments,
sacrificial material fayers 101 includes silicon nitride and insulating material layers 102
include silicon oxide. In subsequent fabrication processes, memory cells can be formed in
core region 110. In some embodiments, dielectric laver 104 is a gate dielectric layer and

includes a suitable oxide, e.g, silicon oxide.
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{6072} Periphery region 120 includes any peripheral devices {e.g., represented by
transistors 108), isolation layer 109 over the peripheral devices, and a plurality of dielectric
pairs repeatedly arranged over the peripheral devices. Isolation layer 109 can include any
suitable insulating materials {e.g., silicon oxide) and can protect and isolate the peripheral
devices from other devices or structures. In some embodiments, first doped region 106
includes a deep N-well (DNW) and second doped region 105 includes a high-voltage P well
(HVPW). For illustrative purposes, only elements relevant to the present disclosure are
depicted and labeled in the figures. In some embodiments, peripheral devices are formed
prior to the deposition of first dielectric stack 103, Due to the height of the peripheral
devices, dielectric pairs of first dielectric stack 103 can have a vertical shift in the height
between core region 110 and peripheral region 120.

{6073} In some embodiments, substrate 107 includes any suitable material for forming
the three-dimensional memory device. For example, substrate 107 can include silicon, silicon
germanium, silicon carbide, silicon on insulator (SOI}, germanium on insulator (GOI), glass,
gallium nitride, gallium arsenide, and/or other suitable [HI-V compound. First doped region
106 and second doped region 105 can each be formed by a suitable doping process such as
ion implantation.

{607 4] Memaory structure 100 provides the base for the fabrication of the 3D memory
device and can be formed using any suitable processes. For example, memory structure 100
can be formed by depositing a dielectric material stack (not shown) over substrate 107 and
planarizing the dielectric material stack. In some embodiments, substrate 107 with first doped
region 106 and second doped region 103 is provided, and peripheral devices {(e.g, the
plurality of transistors 108} and isolation layer 109 are formed over substrate 107. A
dielectric film can be deposited over substrate 107 and patterned to form dielectric layer 104,
A dielectric material stack can be formed over dielectric layer 104 and isolation layer 109 by
alternatingly depositing insulating material layers 102 and sacrificial material layers 101 over
substrate 107. Sacrificial material layer 101 and insulating material layer 102 can have same
or different thicknesses. A sacrificial material layer 101 can include any suitable material
different from an insulating material layer 102. For example, in some embodiments,

sacrificial material layers 101 can include poly-crystalline silicon, silicon nitride, poly-
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crystalline germanium, and/or poly-crystalline germanium-silicon. In some embodiments,
sacrificial material layers 101 include silicon nitride. Insulating material layers 102 can
include any suitable insulating materials, e.g,, silicon oxide. The deposition of sacrificial
material lavers 101 and insulating material layers 102 can include any suitable deposition
methods such as plasma-enhanced CVD (PECYD), sputtering, atomic layer deposition
{ALD), and so on.

[00875] Further, a planarization process can be performed to planarize the dielectric
material stack into a suitable thickness. First dielectric stack 103 can thus be formed. In some
embodiments, the top surface of core region 110 levels with the top surface of periphery
region 120, In some emboediments, sacrificial material laver 101 is exposed in core region
110 by the planarization process. In some embodiments, the planarization process includes a
chemical mechanical planarization (CMP) process.

j0076] FIG. 2 illustrates a cross-sectional view of memory structure 200 formed based on
memory structure 100, according to some embodiments. As shown in FIG. 2, memory
structure 200 can be formed by forming a plurality of first sub-channel holes 205 in first
dielectric stack 103, filling first sub-channel holes 205 with a sacrificial filling structure 207,
and forming a second dielectric stack 200 (e.g., upper dielectric stack} over first dielectric
stack 103, First dielectric stack 103 and second dielectric stack 206 can form two-stack
dielectric stack 203 (the term “dielectric stack 203” can also refer to two-stack dielectric
stack 203). For illustrative purposes, memory structure 200 is divided into core region 210
and periphery region 220, each respectively corresponding to core region 110 and periphery
region 120 of FIG. 1. In some embodiments, the top surface of core region 210 levels with
the top surface of periphery region 220.

{6077} Memeory structure 200 can be formed using any suitable processes. {n some
embodiments, first sub-channel holes 205 are first formed in first dielectric stack 103 before
second dielectric stack 206 is deposited thereon. First sub-channel holes 205 can be formed
by, e.g., patterning a photoresist layer using photolithography over first dielectric stack 103
to form openings in the patterned photoresist layer, and performing an etching process to
remove the dielectric materials in first dielectric stack 103 defined by the openings. The

locations of the openings can correspond to the locations of first sub-channel holes 205. The
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etching process can include any suitable wet etch and/or dry etch. In some embodiments, an
anisotropic etch is performed to remove the materials vertically (e.g., along the z axis}. First
sub-channel holes 205 can extend through first dielectric stack 103 and substantially into
second doped region 105 and/or extend into substrate 107, In some embodiments, first sub-
channel holes 205 can have a substantially rectangular cross-section shape. 1n some
embodiments, first sub-channel holes 205 can have a substantially trapezoidal cross-section
shape. In some embodiments, the horizontal dimension {e.g., along the x axis) of first sub-
channel hole 205 can, e.g., decrease towards the substrate due to fabrication processes. Any
variation of the shape of first sub-channel hole 205 is still within the scope of the present
disclosure.

{6078} A sacrificial filling material can turther be deposited to fill in first sub-channel
holes 205. Any suitable deposition process can be performed to deposit the sacrificial filling
material into first sub-channel holes 205 and other areas over first dielectric stack 103. The
sacrificial filling material deposited in first sub-channel hole 205 can form sacsificial filling
structure 207. Any suitable planarization method (e.g., CMP) and/or recess etch (e.g., dry
etch and/or wet etch) can be performed to remove any excessive sacrificial filling material
over first dielectric stack 103. The sacrificial filling material can include any suitable non-
conductive material (e.g., amorphous silicon, polysilicon, silicon germanium, amorphous
carbon, silicon nitride, diamond-like carbon, and porous organosilicate glass), and can be
deposited by any suitable deposition method such as CVD and/or spin coating.

j6079] In some embodiments, an insulating layer (not shown in FIG. 2) can be deposited
over first dielectric stack 103, The insulating laver can include a suitable insulating material
such as one or more materials that form first dielectric stack 103, The insulating laver can be
formed before the formation of first sub-channel holes 205 or after the deposition of the
sacrificial filling material. If the insulating layer is formed before the formation of first sub-
channel holes 2035, the formation of first sub-channel holes 205 can include forming openings
in the insulating layer and removing portions of first dielectric stack 103 exposed by the
openings. A suitable planarization method (e.g., CMP) and/or recess etch (e.g., dry etch
and/or wet etch) can be performed to remove any excessive material of the insulating laver

over first dieleciric stack 103,
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{6080} In some embodiments, a channel epitaxial portion 204 can be formed at the
bottom of a first sub-channel hole 205 by a suitable deposition process. Channel epitaxial
portion 204 can function as a portion of a semiconductor channel. For example, a selective
epitaxial deposition can be performed to deposit a semiconductor material at the bottom of
first sub-channel hole 205. In some embodiments, channel epitaxial portion 204 includes a
single crystalline semiconductor in epitaxial alignment (e.g., same crystal orientation) with
second doped region 105, In some embodiments, channel epitaxial portion 204 includes
single crystalline silicon. The top surface of channel epitaxial portion 204 can be between a
pair of sacrificial material layers 101 and the periphery of epitaxial channel portion 204 can
be in physical contact with insulating material layers 102.

{0081} Fursther, second dielectric stack 206 can be formed over first dielectric stack 103,
In some embodiments, second dieleciric stack 206 is formed over core region 210 and
periphery region 220. Second dielectric stack 206 can include a plurality of dielectric pairs,
each including a sacrificial material layer 201 and an insulating material layver 202. Sacrificial
material layers 201 and insulating material layers 202 can be arranged alternatingly along the
z axis. First dielectric stack 103 and second dielectric stack 206 can form a dielectric stack
203. The structure and deposition methods to form second dielectric stack 206 can refer to
the structure and deposition methods of first dielectric stack 103,

{6082} FIG. 3 illustrates an exemplary memory structure 300 formed based on memory
structure 200, according to some embodiments. As shown in FIG. 3, memory structure 300
can be formed by forming a two-stack staircase structure 303 from dielectric stack 203,
filling space formed by the formation of staircase structure 303 with a dielectric filling
structure 311, and forming a plurality of pillar holes 309. For illustrative purposes, memory
structure 300 is divided into core region 310 and periphery region 320, each respectively
corresponding to core region 210 and periphery region 220 of FIG. 2.

j0083] The portion of dielectric stack 203 in periphery region 320 can be removed and
the top surface of isolation fayer 109 can be exposed. Staircase structure 303 can be formed
by repetitively patterning/eiching sacrificial material lavers 201 and insulating material layers
202 of dielectric stack 203 in core region 310. Dielectric pairs of different tiers can be etched

to form staircases extending along the x-y plane. Each staircase can include an insulating
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layer {e.g., 302) and a pairing sacrificial layer {e.g., 301). The dielectric stacks can be
patterned/etched through one staircase-forming patterning process to form staircase structure
303 (or muitiple-stack staircase structure 303 or two-stack staircase structure 303). Details of
the formation of staircase structure 303 are described in FIGs. 7-12.

{0084] Further, a dielectric filling material can be deposited after staircase structure 303
is formed to fill in the space formed by the removal of the portions of dielectric stack 203,
Dielectric filling structure 311 is deposited in periphery region 320 and core region 310 to fill
in the space formed by the removal of the portions of dielectric stack 203. A suitable
planarization rmethod (e.g., CMP and/or recess eich) can be performed to remove any
excessive dielectric filling material overlying the topmost surface of staircase structure 303,
The remaining portion of the deposited dielectric filling material (e.g., over staircase
structure 303 and isolation layer 109) can form dielectric filling structure 311 that surrounds
staircase structure 303. Dielectric filling structure 311 can be retro-stepped. In the present
disclosure, a retro-stepped element refers to an element that has stepped surfaces and a
horizontal cross-section area that increases monotonically as a function of a vertical distance
from a top surface of a substrate on which the element is present. Dielectric filling structure
311 can include any suitable dielectric material that provides electrical insulation for
staircase structure 300 and can be deposited by any suitable deposition methods such as
CVD, ALD, and/or PVD. In some embodiments, dielectric filling structure 311 includes
silicon oxide and is formed by CVD. An insulating cap material layer can be deposited to
cover staircase structure 303 and dielectric filling structure 311, The insulating cap material
layer can have sufficient thickness along the z axis to allow drain regions to be formed
within. The insulating cap material layer can include any suitable insulating material such as
silicon oxide.

{0085} Further, pillar holes 309 can be formed in memory structure 300. Pillar holes 309
can be formed in any suitable location in core region 310, e.g., intersecting with staircase
structure 303 In sore ernbodiments, pillar holes 309 can be formed adjacent to first sub-
channel boles 205. In some embodiments, pillar holes 309 can be formed in the staircase
structure. In some embodiments, some pillar holes 309 can be formed in a portion of

peripheral region 320. Pillar holes 309 can be formed by, e.g., patierning a photoresist layer
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using photolithography over the insulating cap material layer over staircase structure 303 and
dielectric filling structure 311 to form openings in the patterned photoresist layer that
correspond to the locations of pillar holes 309, and performing an etching process (e.g., using
the patterned photoresist layer as an etch mask) to remove the portions of insulating cap
material layer and portions of staircase structure 303 exposed/defined by the openings. The
etching process can include any suitable wet etch and/or dry etch. In some embodiments, an
anisotropic etch is performed to etch portions of the insulating cap material layer, staircase
structure 303 and dielectric filling structure 311 to form piliar holes 309. The patterned
photoresist layer can then be removed after the formation of pillar holes 309, Insulating cap
laver 312 can then be formed. Pillar hole 309 can extend from a top surface of insulating cap
layer 312 to substrate 107, The cross-section of pillar hole 309 along the x-z plane can have a
trapezoid shape. In some embodiments, a horizontal dimension {e.g., along the x axis) of
pillar hole 309 can, e.g., decrease towards the substrate due to fabrication processes. Any
variation of the shape of pillar hole 309 is still within the scope of the present disclosure. In
some embodiments, pillar holes 309 are formed before the formation of second sub-channel
holes of upper dielectric stack. In some embodiments, pillar holes 309 are formed after the
formation of second sub-channel holes of upper dielectric stack.

{6086} FIG. 4 illustrates an exemplary memory structure 400 formed based on memory
structure 300, according to some embodiments. As shown in FIG. 4, memory structure 400
can be formed by forming a plurality of second sub-channel holes over first sub-channel
holes 205, filling the first and second sub-channel holes and pillar holes 309 to form
semiconductor channels 415 and supporting pillars 409, and forming drain regions 419 over
semiconductor channels 415 and dummy drain regions 414 over supporting pitlars 409, For
iitustrative purposes, core region is described in FIG. 4.

{6087} To form second sub-channel holes, a photoresist layer can be formed over
insulating cap layer 410. The photoresist layer can cover/close the top portions of pillar holes
309 so that the subsequent etching of second sub-channel holes has little or no impact on
pillar holes 309. The photoresist fayer can then be patterned to form openings that expose
portions of insulating cap layer 410 and correspond to the locations of the second sub-

channel holes. The patterned photoresist layer can be used as an eich mask to remove
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portions of insulating cap layer 410 and portions of staircase structure 303 exposed/defined
by the openings. Insulating cap layer 410 can be formed. The horizontal projection {e.g., on
the x-y plane) of the second sub-channel holes can substantially overlap with the horizontal
projection of first sub-channel holes 205. In some embodiments, the second sub-channel
holes substantially align with respective first sub-channel holes 205 along the z axis. In some
embodiments, the number of second sub-channel holes equals to the number of first sub-
channel holes 205, and the horizontal projection of each second sub-channel hole overlaps
with the horizontal projection of a respective first sub-channe!l hole 205 underneath. The
patierned photoresist layer can then be removed after the formation of the second sub-
channel holes.

[0038] In some embodiments, the second sub-channel holes can each adjoin respective
first sub~channel hole 205 so that the formed chanuel hole combines the volumes of first sub-
channel hole 205 and the respective second sub-channel hole, and extends through staircase
structure 303, In some embodiments, the bottom of second sub-channel hole exposes
sacrificial filling structure 207 of the respective first sub-channel hole 205.

[6089] Tnner sidewall {or sidewall) of a channel hole extending through staircase
structure 303 can be formed by respectively adjoining sidewalls of first sub-channel holes
205 and respective second sub-channel holes stacked together. A semiconductor channel
formed by these fabrication operations can be referred to having an “adjoined/connected
sidewall,” which can include one or more connection portion formed by the adjoining of sub-
pillar holes {(e.g., at the interface of two adjoined sidewalls). The sidewall can thus have
unaligned surfaces at the connection portions. The unaligned surfaces can refer to the
incongistent hole dimensions caused by etching holes with high aspect-ratio {(e.g., greater
than 4). For example, when a second sub-channel hole adjoins a first sub-channel hole, the
diameter of the bottom of the second sub-channel hole can be smaller than the diameter of
the top of the first sub-pillar hole, creating unaligned surfaces along the vertical direction at
the adjoining interface. In contrast, a channel hole formed without adjoining sub-pillar holes
can be referred to having a sidewall of aligned surfaces. For example, the channel hole
formed by the present disclosure can extend through the memory structure and can have

unaligned sidewall surface.
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{6090} Sacrificial filling structures 207 can then be removed by a suitable etching process
(e.g., dry etch and/or wet etch). For example, a selective etch can be performed. The selective
etch can be an isotropic eiching process or an anisotropic eiching process.

[0091] Further, channel holes and pillar holes 309 can be filled by the same fabrication
operations {e.g., at the same time). A series of channel-forming layers can be sequentially
deposited into the channel holes {e.g., having the combined volume of first sub-channel holes
205 and adjoined second sub-channel holes) and pillar holes 309 to fill in the channel holes
and pillar holes 309,

10092] In some embodiments, a charge trapping film 416 (e.g, or sacrificial film) is
deposited over the sidewall of channel holes and pillar holes 309. Charge trapping film 416
can include one or more block dielectric layers over the sidewall of channel hole to insulate
other layers in the channel hole from staircase structure 303. Charge trapping film 416 can
also include a storage unit layver (memory layer) over and surrounded by the block dielectric
fayers for trapping charges and forming a plurality of charge storage regions along the z axis.
Charge trapping film 416 can also include a tunneling layer (e.g., tunneling dielectric) over
and surrounded by the memory layer. Charge tunneling can be performed through the
tunneling layer under a suitable electric bias.

{6093} The one or more block dielectric layers can include a first block layer, which
includes a dielectric metal oxide layer with a relatively high dielectric constant. The term
“metal oxide” can include a metallic element and non-metallic elements such as oxygen,
nitrogen, and other suitable elements. For example, the dielectric metal oxide fayer can
include aluminum oxide, hafnium oxide, lanthanum oxide, yttrium oxide, tantalum oxide,
silicates, nitrogen-doped compounds, alloys, etc. The first block layer can be deposited, for
example, by CVD, ALD, pulsed laser deposition (PLD), liquid source misted chemical
deposition, and/or other suitable deposition methods.

j0094] The one or more block dielectric layers can also include a second block layer,
which includes another dielectric layer over the dielectric metal oxide. The other dielectric
fayer can be different from the dielectric metal oxide layer. The other dielectric layer can
include silicon oxide, a dielectric metal oxide having a different composition than the first

block layer, stlicon oxynitride, silicon nitride, and/or other suitable dielectric materials. The
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second block layer can be deposited, for example, by low pressure chemical vapor deposition
(LPCVD), ALD, CVD, and/or other suitable deposition methods. In some embodiments, the
one or more block dielectric layers include silicon oxide, which is formed by CVD.

[0095] The storage unit layer can be sequentially formed over the one or more block
dielectric layers. The storage unit layer can include a charge trapping material, e.g., a
dielectric charge trapping material (e.g., silicon nitride) and/or a conductive material {(e.g,,
doped polysilicon). In some embodiments, the dielectric charge trapping material includes
siticon nitride and can be formed by CVD, ALD, PVD, and/or other suitable deposition
methods.

{6096} The tunneling layer can be sequentially formed over the memory layer. The
tunneling layer can include silicon oxide, silicon nitride, silicon oxynitride, dielectric metal
oxides, dielectric metal oxynitride, dielectric metal silicates, alloys, and/or other suitable
materials, The tunneling layer can be formed by CVD, ALD, PVD, and/or other suitable
deposition methods. In some embodiments, the tunneling layer includes silicon oxide, which
is formed by CVD.

{06097} Further, a semiconductor channel film 417 can be formed over charge trapping
film in channel holes and pillar holes 309. Semiconductor channel film 417 can include one
or more layers of any suitable semiconductor materials such as silicon, silicon germanium,
germanium, {{[-V compound material, 1I-VI compound material, organic semiconductor
material, and/or other suitable semiconductor materials. Semiconductor channel film 417 can
be formed by a suitable deposition method such as metal-organic chemical vapor deposition
(MOCVD), LPCVD, CVD, and/or other suitable deposition methods. In some embodiments,
semiconductor channel film 417 is formed by depositing a layer of amorphous silicon using
CVD, followed by an annealing process such that the amorphous silicon is converted to
single~crystaliine silicon. In some ermnbodiments, other amorphous material can be annealed
to be crystallized to form semiconductor channel film 417

j0398] Further, dielectric core 418 can be formed by depositing a suitable dielectric
material over semiconductor channel films in channel holes and pillar holes. Dieleciric core
418 can fill in the space at the center of the channel hole and the pillar hole. Dielectric core

418 can include a suitable dielectric material such as silicon oxide and/or organosilicate
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glass. Dnelectric core 418 can be formed by a suitable conformal deposition method (e g,
LPCVD) and/or self-planarizing deposition method (e g., spin coating). In some
embodiments, dielectric core 418 includes silicon oxide and is formed by LPCVD. In some
embodiments, a suitable planarization process {e.g., CMP and/or recess etch) is performed to
remove any excessive materials over the top of staircase structure 303,

{6099} When different layers (e.g., charge trapping film 416, semiconductor channel film
417, and dielectric core 418} are being formed in the channel holes, the materials for forming
those layers can also be respectively deposited 1n pillar holes 309. Because these layers have
little or no active electrical functions, for ilustrative purposes, these layers in pillar holes 309
are referred to as dummy charge trapping films 411, dummy semiconductor channel films
417, and dummy dielectric cores 413, Supporting pillars 409 can thus be formed.

{6100} Further, top portions of supporting pillars 409 and semiconductor channels 415
can be removed by any suitable recess etching processes. In some embodiments, a selective
etch is performed to remove top portions of supporting pillars 409 and semiconductor
channels 415. In some embodiments, the depth of the recess region is substantially equal to
the thickness of insulating cap layer 410.

{0101} Further, drain regions 419 {e.g., over semiconductor channels 415) and dummy
drain regions 414 (e.g., over supporting pillars 409) can be formed in the recess regions.
Drain regions 419 and dummy drain regions 414 can be formed by, e.g., depositing a doped
semiconductor material in the recess regions. The deposition can include any suitable
deposition methods, such as CVD and/or area selective deposition {ASD). Optionally, an ion
implantation process is employed to adjust the doping level of the recess region. The doped
sermiconductor material can include, for example, doped polysilicon. The doped
semiconductor material can have a conductivity type that is opposite from the conductivity
type of substrate 107, Excess portions of the deposited doped semiconductor material can be
removed from above the top surface of insulating cap layer 410 by, e.g., CMP and/or a recess
etch.

{6192} FIG. S illustrates an exemplary memory structure 500 formed based on memory
structure 200, according to some embodiments. Different from memory structure 400, in

memory structure 500, pillar holes 509 can be formed after the formation of staircase
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structure 303, semiconductor channels 501, and drain regions 505. Semiconductor channels
501, drain regions 505, and insulating cap layer 510 can respectively be the same as or
simifar to semiconductor channels 415, drain regions 419, and insulating cap layver 410 of
FIG. 4. Charge trapping film 502, semiconductor channel film 503, and dielectric core 504
can be respectively the sanie as or similar to charge trapping film 416, semiconductor
channel film 417, and dielectric core 418 of FIG. 4.

{6103} In an example, after the formation of dielectric filling structure 311 and the
insulating cap material layer, second sub-channel holes can be formed in staircase structure
303. The second sub-channel holes can be the same as or similar to the second-chanunel holes
depicted in FIG. 4. The second sub-channel holes can be formed by any suitable process. For
example, a photoresist layer can be formed to cover at least a top surface of staircase
structure 303. The photoresist layer can be patterned to form openings that expose portions of
the insulating cap material layer. The locations of the openings can correspond to the
focations of the second sub-channel holes. The patterned photoresist fayer can then be used
as an etch mask to remove portions of exposed insulating cap material layer and staircase
structure 303 to form second sub-channel holes each extending from the top surface of the
insulating cap layer 510 to the respective first sub-channel hole. Channel holes that extend
from the top surface of the staircase structure 303 into substrate 107 can be formed. The
patterned photoresist layer can be removed after the formation of the second sub-channel
holes.

{6194} Channel-forming layers (similar to or the same as the channel-forming layers
depicted in FIG. 4) can be formed to fill in the channel holes and form semiconductor
channels 501. Further, top portions of semiconductor channels 501 can be removed and tilled
with a doped semiconductor material {e.g , doped polysilicon} to form drain regions 505,
Drrain regions SO5 can have a thickness that is substantially the same as the insulating cap
laver 510. A patterned photoresist layer with openings that define the locations of the pillar
holes 509 can then be formed over the insulating cap layer 510. In some embodiments, the
openings expose portions dielectric filing structure 311. A suitable etching process (e.g., dry
etch and/or wet etch) can be performed (e g., using the patterned photoresist layer) to remove

portions of staircase struciure 303 and dielectric filling structure 311 so that pillar holes 509
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can be formed through insulating cap layer 510, staircase structure 303, and dielectric filling
structure 311

{0195} Any suitable pillar-filling materials {e.g., insulating materials such as silicon
oxide and/or silicon nitride) can be deposited to fill in pillar holes 509 and form supporting
pillars. In some embodiments, the pillar-filling materials can include pure dielectric materials
such as pure silicon oxide and/or pure silicon nitride. In some embodiments, suitable
dopants/impurities can be doped into the silicon oxide and/silicon nitride to enhance support.
In some embodiments, the pillar-filling material includes an insulating liner/spacer layer is
formed over the sidewalls of pillar holes 509 and another support material that fills up the
rest of pillar holes 509, In some embodiments, the insulating liner/spacer layer surrounds the
support material. Any suitable material with sufficient stiffness and/or support functions can
be used as the support material. For example, the support material can include one or more of
copper, cobalt, nickel, and aluminum,

j3196] FIG. 6 illustrates another memory structure 600 formed based on memory
structure 200, according to some embodiments. Ditferent from memory structures 400 and
500, memory structure 600 {(e.g., multiple-channel structure} can include semiconductor
channels each including more than one semiconductor sub-channels stacked along the z axis.
Maultiple-channel structure can further increase memory cell density of the 3D memory
device. In some embodiments, as shown in FIG. 6, semiconductor channel 601 extends
through staircase structure 603 and includes semiconductor sub-channel 601-1 {e.g, formed
in the lower staircase structure} and 601-2 (e.g., formed in the upper staircase structure).
Semiconductor sub-channels 601-1 and 601-2 can be connected by a connection layer 606. In
some embodiments, semiconductor sub-channels (e.g., 601-1 and 601-2) have same or
similar functions as semiconductor channels 415 and 501 of Fi1Gs. 4 and 5.

{6107} In an example, supporting pillars 613 can be formed by similar fabrication
operations as in FIGs. 1-5. That is, pillar holes can be formed before or after the formation of
sub~-channel holes that form semiconductor sub-channels 601-2. The filing of the pillar holes
can be performed at the same time with or after the filing of sub-channel holes of

semiconductor sub-channels 601-2.
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{6108} In contrast to the fabrication operations illustrated in FIGs. 1-4, to form memory
structure 600, before the deposition of second dielectric stack (e.g., upper dielectric stack),
semiconductor sub-channels 601-1 can be formed in the first dielectric stack {e.g., lower
dielectric stack) before the deposition of second dielectric stack {e.g., upper dielectric stack).
in the description of FIG. 6, the first dielectric stack and the second dielectric stack {e.g., the
same as or similar to first dielectric stack 103 and second dielectric stack 206) can each
include a plurality of alternatingly arranged sacrificial material layers and insulating material
lavers. In some embodiments, semiconductor sub-channels 601-2 are formed by, e.g.,
forming first sub-chanunel holes of semiconductor sub-channels 601-2 in first dielectric stack,
respectively depositing charge trapping film 602, semiconductor channel film 604, and
dielectric core 605 in the first sub-channel holes. The formation of the first sub-channel holes
and the deposition of the films in the first sub-channel holes can be referred to the operations
that form first sub-channel holes 205 and charge trapping film 502, semiconductor channel
film 503, and dielectric core 504, respectively. Optionally, a recess eich {e.g., dry etch and/or
wet etch) and/or a planarization process {e.g., CMP) can be performed to remove excessive
dielectric material over the top surface of first dielectric stack.

{8199} Memory structure 600 can include a joint insulating layer 618 between
serniconductor sub-chanuels 601-1 and 601-2 and a plurality of conuection layers 606 in joint
insulating layer 618. Connection layers 606 can function as drain regions and can connect
semiconductor sub-channels 601-1 and 601-2. Joint insulating layer 618 can insulate
connection layers 606 from one another. can be formed over the first dielectric stack before
the formation of the first sub-channel holes. In some embodiments, joint insulating layer 618
includes silicon oxide and connection layers 606 include doped silicon. The formation of
joint insulating layer 618 and connection layers 606 can be referred to the formation of
insulating cap layer 410 and drain regions 419. The deposition can include any suitable
deposition methods, such as CVD and/or area selective deposition (ASD). Optionally, an ion
implantation process is employed to adjust the doping level of the recess region. The
conductivity type of connection layer 606 can be the same as the conductivity type of
semiconductor sub-channels 601-1. Optionally, a recess etch (e.g., dry etch and/or wet etch)

and/or a planarization process (e.g., CMP) can be performed to remove excessive doped
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semiconductor material over the top surface of first dielectric stack. Optionally, an additional
dielectric material can be deposited over the top surface of second dielectric stack to cover
semiconductor sub-channels 601-1. The additional dielectric material can inchude one or
more of the dielectric materials that form first dielectric stack 103.

{0110] Further, the second dielectric stack can be formed over the first dielectric stack,
and staircase structure 603 can be formed by repeatedly etching/patterning the dielectric
stack formed by the first dielectric stack and the second dielectric stack. A dielectric filling
material can be deposited over staircase structure 603 to filling the space formed by the
removal of portions of dielectric pairs and dielectric filling structure 611 {e.g., similar to
dielectric filling structure 311) can be formed.

{0111} Semiconductor sub-channels 601-2 can be formed by any suitable methods after
staircase structure 603 ts formed. In some embodiments, second sub-channel holes of
semniconductor sub-channels 601-2 are formed over semiconductor sub-channels 601-1. The
bottom of the second sub-channel hole of semiconductor sub-channel 601-2 can expose
connection layers 606. Further, a sequence of layers can be deposited into the second sub-
channel holes to form second semiconductor sub-channels 601-2. The formation of the
second sub-channel holes of semiconductor sub-channels 601-2, charge trapping film 607,
serniconductor channel film 608, dieleciric core 609, drain regions 612, and insulating cap
layer 610 can be similar to the second sub-channel holes of semiconductor channels 415,
charge trapping film 416, semiconductor channel film 417, dielectric core 418, drain regions
419, and insulating cap layer 410.

6112} Supporting pillars 613 can be formed by the same fabrication operations that form
semiconductor sub-channels 601-2 or after the formation of semiconductor sub-channels
601-2. The formation of dummy charge trapping film 614, dummy semiconductor channel
film 615, dummy dielectric core 616, and dummy drain region 617 can be similar to or the
same as the formation of dummy charge trapping film 411, dummy semiconductor channel
film 412, dummy dielectric core 413, and dummy drain region 414,

{0113} Fi(s. 7-12 illustrate an exemplary process to form a two-stack staircase structure
from two dielectric stacks employing one staircase-forming patterning process, according to

some embodiments. For viewing simplicity, Fi(s, 7-12 depict the fabrication process to form
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the staircase structure in the core region shown in FIGs. 1-6. Same or similar operations
performed in the method illustrated by FIGs. 7-12 can be referred to the operations described
in FI(3s. 1-6. For illustrative purposes, the formation of a double-channel structure (e.g.,
similar to memory structure 600 of FIG. 6) is described.

{0114] FIG. 7 illustrates memory structure 700 similar to core region 110 of FIG. 1,
according to some embodiments. Memory structure 700 can include a first dielectric stack
703 over gate dielectric layer 704, which is further over substrate 707. Substrate 707 can
include a first doped region 706, and a second doped region 705, First dielectric stack 703
can include a plurality of diclectric pairs, each including a sacrificial material layer 701 and
an insulating material layer 702. Respectively, substrate 707, first doped region 706, second
doped region 705, gate dielectric layer 704, and first dielectric stack 703 can be the same as
or similar to substrate 107, first doped region 106, second doped region 103, dielectric layer
104, and first dielectric stack 103. Description of structure and formation methods of
memory structure 700 can be referred {0 the description of memory structure 100,

{6115] FIG. 8 illustrates memory structure 800 formed based on memory structure 700,
according to some embodiments. Memory structure 800 can be formed from memory
structure 700 by forming a plurality of channel epitaxial regions 806 extending from first
dielectric stack 703 to second doped region 705, a joint insulating maternial layer 810 over
first dielectric stack 703, a plurality of first sub-channel holes 801 extending from the top
surface of joint insulating material layer 810 into channel epitaxial regions 806, and filling
first sub-channel holes 801 with a series of channel-forming layers 802 (charge trapping film,
semiconductor channel film, and dielectric core) to form semiconductor sub-channels 805 . A
plurality of connection layers 804 can be formed in joint insulating material layer 810 and
can each be over a semiconductor sub-channel 805, In some embodiments, a recess etch
and/or a suitable planarization process {CMP) can be performed to remove any excessive
material of channel-forming layers 802 from the top surface of memory structure 800.

[6116] As an example, a joint insulating material layer can first be formed over first
dielectric stack 703. A plurality of first sub-channel holes 801 caun then be formed in first
dielectric stack 703 to extend from the top surface of the joint insulating material into

channel epitaxial regions 806. Joint insulating material layer 810 can be formed from the
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joint insulating material layer and first dielectric stack 803 can be formed from first dielectric
stack 703. A series of chanunel-forming layers 802 can then be deposited to fill in first sub-
channel holes 801, A suitable recess etch (e.g., dry etch and/or wet eich) can be performed to
remove a top portion of channel-forming layers 802 in each first sub-channel hole 801 and a
doped semiconductor material can be deposited into first sub-channel holes 801 to form
connection layers 804 in joint insulating material layer 810. Optionally, additional insulating
material can be deposited over connection layers 804 to insulate connection layers 804 from
neighboring structures that are formed in subsequent operations. Details of the formation of
serniconductor sub-channels 805 and connection layers 804 can be referred to the description
of semiconductor channels 501 and drain regions 505.

{0117} FIG. 9illustrates an exemplary memory structure 900 formed based on memory
structure 800, according to some embodiments. Memory structure 900 can be formed by
forming second dielectric stack 906 over first dielectric stack 803. Similar to first dielectric
stack 703 and 103, second dielectric stack 906 can include a plurality of dielectric pairs
arranged over first dielectric stack 703 (e.g., joint insulating layer 810} along the z axis. Fach
dielectric pair can include a sacrificial material layer 901 and an insulating material layer
902. First dielectric stack 803 and second dielectric stack 906 can form dielectric stack 903
{e.g., two-stack dielectric stack). In some embodiments, an insulating cap material layer 910
(e.g., similar to the joint insulating material layer of FIG. 8 and the insulating cap material
layer of FIG. 3) is formed over second dielectric stack 906. In some embodiments, second
dielectric stack 906 is similar to first dielectric stack 703. Description of structure and
formation methods of second dielectric stack 906 and insulating cap material layer 910 can
be referred to the description of first dielectric stack 103 and the insulating cap material layer
of FIG. 3.

{0118} FIG. 10 illustrates an exemplary memory structure 1000 formed based on memory
structure 900, according to some embodiments. Memory structure 1000 can be formed by
forming a plurality of second semiconductor sub-channels 1007 that alight with and adjoin
semiconductor sub-channels 805 to form semiconductor channels 1001 through dielectric
stack 1003, and a plurality of drain regions 1005 in insulating cap material layer 1010.

Inelectric stack 1003 can be formed from dielectric stack 903 after the formation of second
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semiconductor sub-channels 1007, and insulating cap material layer 1010 can be formed
from iusulating cap material layer 910 after the formation of second sub-channel holes 1002
In some embodiments, second semiconductor sub-channels 1007 are formed by depositing a
series of channel-forming layers 1004 {charge trapping film, semiconductor channel film,
and dielectric core} into second sub-channel holes 1002, In some embodiments, drain regions
1005 are formed by forming a recess region in insulating cap material layer 1010 and at the
top portions of second sub-channel holes 1002, and depositing a doped semiconductor
material {e.g., doped polysilicon) in the recess region. The fabrication processes of second
serniconductor sub-channels 1007, drain regions 1005, and insulating cap material layer 1010
can be referred to the fabrication processes of semiconductor sub-channels 805, joint
insulating material layer 810, and connection layers 804.

{6119 FiG. 11 illustrates memory structure 1100 formed based on memory structure
1000, according to some embodiments. Memory structure 1100 can be formed by performing
a staircase-forming patterning process on dieleciric stack 1003 to form staircase structure
1104. By performing the staircase-forming patterning process, first dielectric stack 803 can
be etched to form first staircase structure 1103, and second dielectric stack 1006 can be
etched to form second staircase structure 1106. First staircase structure 1103 and second
staircase structure 1106 can stack along the z axis to form staircase structure 1104, In some
embodiments, joint insulating material layer 810 and insulating cap material layer 1010 can
be etched to form joint insulating layer 1111 and insulating cap layer1110, respectively. The
staircase-forming patterning process can include forming a photoresist layer over dielectric
stack 1003. In some embodiments, the photoresist layer can be patterned (e.g., using a
photolithography process) to cover the core region. The photoresist layer can have a
sufficient thickness along the z axis so that it can be trimmed and used as an etching mask for
forming staircases from dielectric stack 1003, During the staircase-forming patterning
process, the photoresist laver is repeatedly trimmed {e.g., etched by a suitable dry etch
and/wet etch) along various directions {(e.g., the x axis, the y axis, and the z axis) so dielectric
pairs of dielectric stack 1003 can be repeatedly exposed. Same or different etchant (e.g., wet
etchant and/or dry etchant} can be used to eich the sacrificial material layer (e.g., 701 or 901)

and the insulating material layer (e.g., 702 or 902). In some embodiments, the irimming fime
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of the photoresist layer is controlled so that the trimming/etching rate of the photoresist layer
can be controlled. Accordingly, the dimension of the staircase along the x direction can be
controlied. In some embodiments, the sacrificial material layers can be etched to form the
sacrificial layers, and the insulating material layers can be etched to form the insulating
fayers. One sacrificial layer can be pairing with one insulating layer. Depending on different
memory device structures, the sacrificial layer can be on top of the pairing insulating layer,
OF Vice versa.

j0126] For illustrative purposes, as shown in FIG. 11, memory structure 1100 is divided
into core array region 1120, first staircase region 1121, and second staircase region 1122
First staircase region 1121 and second staircase region 1122 can each surround memory
structure 1100 along the x-y plane. First staircase region 1121 can represent the region where
staircases of first dielectric stack 703 are formed, and second staircase region 1122 can
represent the region where staircases of second dielectric stack 906 are formed. In some
embodiments, the photoresist layer (e.g., etch mask) can be trimmed to expose dielectric
stack 1003 along, e g, the x direction - from first staircase region 1121 towards core array
region 1120, and staircases of staircase structure 1104 can be formed along the same
direction the photoresist layer is trimmed. In some embodiments, staircases of first staircase
structure 1103 (e.g., lower/bottom staircase structure) are formed in first staircase region
1121, and staircases of second staircase structure 1106 (e.g., upper/top staircase structure) are
formed in second staircase region 1122 In some embodiments, the trimming of the
photoresist layer can stop when the staircases in first staircase region 1121 and second
staircase region 1122 are formed. The trimmed photoresist layver can cover the top surface of
core array region 1120 so that semiconductor channels 1001 can remain intact. Photoresist
layer can then be removed, and memory structure 1100 can be formed.

[0121] In various embodiments, semiconductor channels 1001 can be formed before or
after the formation of staircase structure 1104. That is, the second semiconductor sub-
channels {e.g., formed in second dielectric stack 1006) can also be formed after staircase
structure 1104 is formed. The different orders to form semiconductor channels 1001 and

staircase structure 1104 should still be within the scope of the present disclosure.
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{6122} FiG. 12 illustrates memory structure 1200 formed based on memory structure
1100, according to some embodiments. Memory structure 1200 can be formed by forming
dietectric filling structure 1201 to fill in the space formed by the removal of portions of
diclectric stack 1003, Dielectric filling structure 1201 can be retro-stepped (not shown in
FIG. 12). In some embodiments, dielectric filling structure 1201 is formed by depositing a
suitable dielectric filling structure to fill in the space and performing a suitable planarization
process {(e.g., CMP and/or recess etch) to remove any excessive dielectric filling structure

over the top surface of memory structure. In some embodiments, dielectric filling structure

formation methods of dielectric filling structure 1201 can be referred to the description of
dielectric filling structure 311.

j0123] Further, the sacrificial layers can be removed by a suitable isotropic etching
process, and space formed by the removal of the sacrificial layers can be filled with a suitable
metal, e.g., one or more of copper, tungsten, and aluminum. Optionally, a recess etch can be
performed to remove excessive metal over staircase structure 1104, The deposited metal can
then form the word lines of the 3D memory device. In some embodiments, each word fine is
insulated from adjacent word lines by the insulating layers in between.

[6124] Method illustrated by FIGs. 7-12 can be employed to form the staircase structure
in FIGs. 1-6 and semiconductor channels embedded in the staircase structure. By using the
disclosed method, one staircase-forming pattern can be used to form the staircase structure
that containg at least two sub-staircase structures stacked along the z axis. No staircase-
forming pattern is needed to separately form the sub-staircase structures. The fabrication
process of the 3D memory device can be simplified.

{6125} Further, supporting pillars through the muitiple-stack staircase structure can be
formed by one etching process that forms pillar holes through the multiple-stack staircase
structure and subsequent filling process. In some embodiments, the pillar holes are formed at
the same time or by same fabrication operations as a part of the semiconductor channels. In
some embodiments, the pillar holes are formed after the formation of the semiconductor
channels. Compared to existing technology, the nuraber of operations to form supporting

pillars is reduced. The fabrication of the 3D memory device is thus simpler and less cosily.
Atty Dkt No. 4123.0350001

Micron Ex. 1002, p. 49
Micron v. YMTC
IPR2024-00790



-35.

{6126} FiG. 13 is an illustration of an exemplary method 1300 for forming three-
dimensional memory structure, according to some embodiments. For explanation purposes,
the operations shown in method 1300 are described in the context of FIGs. 1-12. In varicus
embodiments of the present disclosure, the operations of method 1300 can be performed in a
different order and/or vary.

{6127} At operation 1301, a first dielectric stack can be formed over a substrate. In some
emnbodiments, the substrate can include any suitable materials such as silicon. In some
embodiments, the first dielectric stack includes a plurality of alternatingly arranged sacrificial
material layers and insulating materials. The sacrificial material lavers and the insulating
material layers can include different dieleciric materials. In some embodiments, a gate
dielectric layer is formed between the first dielectric stack and the substrate. Details of the
first dielectric stack, the gate dielectric layer, and the substrate can be referred to the
description of FIG. 1.

{6128] At operation 1302, a plurality of first sub-channel holes can be formed in the first
dielectric stack and the first sub-channel holes can be filled with suitable materials. In some
embodiments, the first sub-channel holes can be formed with suitable patterning and etching
processes so that the bottoms of the first sub-channel holes contact or expose the substrate.
The first sub-channel holes can be through the first dielectric stack. Optionally, a channel
epitaxial region can be formed at the bottom of each first sub-channel hole. A sacrificial
filling structure can be formed in the first sub-channel holes by depositing a sacrificial filling
material, as e.g., place holders, to provide support for the formation of subsequent second
dielectric stack over the first dielectric stack. A planarization process can be performed to
remove any excessive sacrificial filling material over the first dielectric stack.

{6129} When the 3D memory device is a double-channel memory device, a series of
channel-forming layers for forming a semiconductor channel can be sequentially deposited
into the plurality of first sub-channel holes so that first semiconductor sub-channels can be
formed. The series of layers can include a charge trapping film, a semiconductor channel
filin, and a dielectric core, being deposited from the sidewall to the center of the channel
hole. A connection layer (e.g., a doped semiconductor layer) can be formed over each

semiconductor sub-channel. Details of the first sub-channel holes, the sacrificial filling
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structure, the semiconductor sub-channels, and the channel epitaxial region can be referred to
the description of FIGs. 2 and 6.

{6130} At operation 1303, a second dielectric stack can be formed over the first dielectric
stack. Similar to the first dielectric stack, the second dielectric stack can include a plurality of
alternatingly arranged sacrificial material layers and insulating materials. Details of the
second dielectric stack can be referred to the description of FIG. 2.

{6131} At operation 1304, a multiple-stack staircase structure can be formed. The
multiple-stack (e.g., two-stack) staircase structure can include a first staircase structure (e.g.,
formed based on the first dielectric stack) and a second staircase structure (e.g., formed based
on the second dielectric stack). The multiple-stack staircase structure can be formed by a
staircase-forming patterning process so that dielectric pairs of the first dielectric stack and the
second dielectric stack can be etched to form staircases. A dielectric filling structure can be
formed to fill up the space formed by the removal of portions of the dielectric pairs. Details
of the process to form the multiple-stack staircase structure can be referred to the description
of FIGs. 7-12.

{6132] At operation 1305, a plurality of second sub-channel holes can be formed in the
second staircase structure. The second sub-channel holes can adjoin the first sub-channel
holes along a direction perpendicular to the top surface of the substrate. In some
embodiments, a second sub-channel hole and the adjoined first sub-channel hole form a
channel hole through the multiple-stack staircase structure. When the 3D memory deviceis a
double-channel memory device, the second sub-channel holes can also be referred to as sub-
channel holes of the second staircase structure. The formation of second sub-channel holes
can be similar to the formation of first sub-channel holes described in operation 1302.

{6133} At operation 1306, a plurality of pillar holes can be formed in the multiple-stack
staircase structure. The pillar holes can be formed by any suitable patterning/etching process.
In some embodiments, the pillar holes can be through the multiple-stack staircase structure
and can contact the substrate. Details of the process to form the pillar holes can be referred to
the description of FIGs. 3 and S.

{0134} At operation 1307, a plurality of supporting pillars and semiconductor channels

can be formed in the multiple-stack staircase structure. The semiconductor channels can be
Atty Dkt No. 4123.0350001

Micron Ex. 1002, p. 51
Micron v. YMTC
IPR2024-00790



-7 -

formed by removing the sacrificial filling structures in the first sub-channel holes and filling
the first sub-chanuel holes and the adjoined second sub-channel holes with a series of layers
{e.g., a charge trapping film, a semiconductor channel film, and a dielectric core). When the
3D memory device is a double-channel memory device, the series of layers can be deposited
in the second sub-channel holes {e.g., sub-channel holes) to form semiconductor sub-
channels in the second staircase structure.

{6135} The supporting pillars can be formed by filling the same series of layers of the
semiconductor channels in the pillar holes. The filling of the supporting pillars can be
performed at the same time and/or through the same fabrication processes when the
semiconductor channels {or semiconductor sub-channels of the second/upper staircase
structure) are being formed. The supporting pillars can also be formed using any other
suttable pillar-forming material such as a dieleciric material with or without other support
materials (such like metal). In some embodiments, the dielectric material is deposited into a
pillar hole to form an insulating liner/spacer layer over the sidewall of the pillar hole, and the
metal material is deposited to fill up the pillar hole. The insulating liner/spacer layer can
insulate the metal material from the rest of memory structure 1200, and the metal raterial
can provide further support to the supporting pillar. In some embodiments, the dielectric
material includes silicon oxide, and the metal material includes copper. The insulating
liner/spacer layer can include a single layer or a multiple layer. In an example, the insulating
liner/spacer layer can include a single layer of silicon oxide or multiple lavers of silicon
oxide/silicon oxynitride/silicon oxide. The silicon oxide can be pure or doped with suitable
impurities such as tungsten, copper, cobalt, nickel, and/or aluminum. The dielectric material
can be deposited using any suitable process such as ALD, CVD, and/or spin-on-coating. The
metal material can be deposited by, e.g., sputtering, spin-on-coating, and/or CVE,

[0136] In various embodiments, the order of operations 1304-1306 can vary. For
example, the second sub-channel holes can be formed before or after the formation of
multiple-stack staircase structure, and the pillar holes can be formed before or after the
formation of second sub-channel holes. In some embodiments, the pillar holes can be formed
at the same time with the second sub-channel holes by a same etching/patierning process.

The filling of pillar holes can also be at the same time as or a different time than the filling of
Atty Dkt No. 4123.0350001

Micron Ex. 1002, p. 52
Micron v. YMTC
IPR2024-00790



-38 -

the second sub-channel holes. The specific orders of operations can be dependent on different
fabrication requirements and should not be limited by the embodiments of the present
disclosure. Details of the formation of supporting piltars and semiconductor channels can be
referred to the description of FIGs. 4-6.

{6137} 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, 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
teaching and guidance presented herein. It is 10 be understood that the phraseology or
terminoclogy herein is for the purpose of description and not of limitation, such that the
terminology or phraseclogy of the present specification is to be interpreted by the skilled
artisan in light of the teachings and guidance.

{6138} Embodiments of the present disclosure have been described above with the aid of
functional building blocks Hustrating the immplementation 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.

{6139} The Summary and Abstract sections may 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.

{6140] 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 memory device comprising:

a substrate;

a multiple-stack staircase structure comprising a plurality of staircase structures stacked
over the subsirate, wherein each of the plurality of staircase structures comprises a plurality of
conductor layers, wherein each of the plurality of conductor layers is located between two
insulating layers;

a filling structure surrcunding the multiple-stack staircase structure;

a semiconductor channel extending through the multiple-stack staircase structure,
wherein the semiconductor channel comprises unaligned sidewall surfaces; and

a supporting pillar extending through at least one of the multiple-stack staircase structure
and the filling structure, wherein the supporting pillar comprises aligned sidewall surfaces.

2. The memory device of claim 1, wherein:

the multi-stack staircase structure comprises a first staircase structure over the substrate
and a second staircase structure over the firsi staircase structure; and

the supporting pillar extends from a top surface of the second staircase structure to a

bottom surface of the first staircase structure.

3. The memory device of claim 2, wherein:
the supporting pillar and the semiconductor channel comprise same filling layers; and
the supporting pillar and the semiconductor channel is each filled with at least one of a

charge trapping film, a semiconductor channel film, and a dielectric core.

4. The memory device of claim 2, wherein:

the supporting pillar and the semiconductor channel are filled with different filling layers;
and

the supporting pillar is filled with at least one of an insulating material and a pillar-
support material surrounded by the insulating material, and the semiconductor channel is filled

with at least one of a charge trapping film, a semiconductor channel film, and a dielectric core.
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5. The memory device of claim 4, wherein the insulating material comprises silicon
oxide and the pillar-support material comprises at least one of copper, cobalt, nickel, and

aluminum.

6. The memory device of claim 5, further comprising a connection layer in the
semiconductor channel between two adjacent staircase structures, wherein the connection layer
comprises a doped semiconductor material, and portions of the semiconductor channel separated

by the connection layer each forms a semiconductor sub-channel.

7. A method for forming a memory device, comprising:

forming a plurality of dielectric stacks stacked on one another over a substrate to create a
multiple-stack staircase structure, wherein each one of the plurality of dielectric stacks comprises
a plurality of dielectric pairs arranged along a direction perpendicular to a top surface of the
substrate;

forming a filling structure that surrounds the multiple-stack staircase structure;

forming a semiconductor channel extending through the multiple-staircase structure,
wherein the semiconductor channel comprises unaligned sidewall surfaces; and

forming a supporting pillar extending through at least one of the multiple-staircase
structure and the filling structure, wherein the supporting pillar comprises aligned sidewall

surfaces.

8. The method of claim 7, wherein forming the supporting pillar comprises:

forming a photoresist layer over the at least one of the filling structure and the multiple-
stack staircase structure;

patterning the photoresist laver to form a patterned photoresist layer with an opening that
exposes a portion of the filling structure, wherein a location of the opening corresponds to a

focation of the supporting pillar;
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using the patterned photoresist layer as an etch mask to etch through at least one of the
filling structure and the multiple-stack staircase structure to form a piifar hole, wherein a bottom
of the pillar hole contacts the substrate; and

filling the pillar hole with a first material.

0. The method of claim 8, wherein forming the semiconductor channel comprises:
forming a first sub-channel hole in a first dielectric stack of the plurality of dielectric
stacks;
filling the first sub-channel hole with a sacrificial filling material to form a sacrificial
filling structure;
forming a second dielectric stack over the first dielectric stack;
forming a second sub-channel hole in the second dielectric stack, wherein:
the second sub-channel hole aligns with the sacrificial tilling structure along the
direction perpendicular to the top surface of the substrate, and
the second sub-channel hole adjoins the first sub-channel hole to form a channel
hole through the plurality of dielectric stacks and into the substrate;
removing the sacrificial filling structure in the first sub-channel hole; and

filling the channel hole with a second material.

i0. The method of claim 9, wherein:

the first material is same as the second material and are formed by same fabrication
operations; and

the same fabrication operations comprises depositing at least one of a charge irapping

film, a semiconductor channel film, and a dielectric core into the channel hole and the pillar hole.

11.  The method of claim 10, wherein the piliar hole is formed before a formation of

the second sub-channel hole.

12, The method of claim 10, wherein the pillar hole is formed after a formation of the

first sub-channel hole and a formation of the second sub-channel hole .
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13. The method of claim 9, wherein the first material is different from the second

material and is formed by a different deposition operation than the second material.

14, The method of claim 13, wherein the first material comprises at least one of an
insulating material and a pillar-support material surrounded by the insulating material; and the
second material comprises at least one of a charge trapping film, a semiconductor channel film,

and a dielectric core.

15. The method of claim 8, wherein forming the semiconductor channel comprises:

forming a first semiconductor sub-chanuel in the first dielectric stack;

forming a connection layer over the first semiconductor sub-channel, wherein the
connection layer comprises a doped semiconductor material; and

forming a second dielectric stack and a second semiconductor sub-channel in the second
dielectric stack, wherein the second semiconductor sub-channel aligns with and adjoins the first
semiconductor sub~channel to form a semiconductor channel extending through the plurality of

dielectric stacks and into the sybstrate.

16. The method of claim 15, wherein:

the first material is same as the second material and are formed by same fabrication
operations; and

the same fabrication operations comprises depositing at least one of a charge trapping

film, a semiconductor channel film, and a dieleciric core into the channel hole and the piitar hole.

17. A method for forming a memory device, comprising:

depositing a plurality of dielectric stacks over one another over a substrate to form a
multiple-dielectric-stack structure, wherein each one of the plurality of dielectric stacks
comprises a plurality of first material layer and second material layer alternatingly arranged

along a direction perpendicular to a top surface of the substrate;
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forming a first semiconductor sub-channel in a first dielectric stack of the plurality of
diglectric stacks;

forming a second dielectric stack of the plurality of dielectric stacks over the first
dielectric stack;

forming a second semiconductor sub-channel in the second dielectric stack, wherein the
second semiconductor sub-channel aligns with the first semiconductor sub-channel along the
direction perpendicular to the top surface of the substrate; and

patterning the multiple-dielectric-stack structure to form a multiple-stack staircase

structure.

i8. The method of claim 17, wherein patterning the multiple-dieleciric-stack structure

comprises a single staircase-forming patterning process.

19, The method of claim 18, wherein the staircase-forming patterning process
comprises:
forming a photoresist layer over the multiple-dielectric-stack structure;

trimming the photoresist layer along a first direction parallel to a top surface of the
subsirate; and
etching the multiple-dielectric-stack structure, using the trimmed photoresist layer as an

etch mask to form a staircase.

20.  The method of claim 19, wherein forming the first semiconductor sub-channel
and the second semiconductor sub-channel comprise:

forming a first sub-channel hole in the first dielectric stack and a second sub-channel hole
in the second dielectric stack; and

filling the first sub-channel hole and the second sub-channel hole each with channel-
forming layers, wherein the channel-forming layers comprise at least one of a charge trapping

film, a semiconductor channel film, and a dielectric core.
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ABSTRACT OF THE BDISCLOSURE

Methods and structures of a three-dimensional merory device are disclosed. In an
example, the memory device includes a substrate and a multiple-stack staircase structure. The
multiple-stack staircase structure can mclude a plurality of staircase structures stacked over the
subsirate. Each one of the plurality of staircase structures can include a plurality of conductor
layers each between two insulating layers. The memory device can also include a filling structure
over the multiple-stack staircase structure, a semiconductor channel extending through the
multiple-stack staircase structure, and a supporting pillar extending through the multiple-stack
staircase structure and the filling structure. The semiconductor channel can include unaligned

sidewall surfaces, and the supporting pillar can include aligned sidewall surfaces.
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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.

/tgebre/
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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

APIE)TI{JII\(/:IgglI{ON I 35115;1)1\1]SA?11‘E G%I;\]A?IBT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAINISIIND CLAIMSl
T6/126910 0071072018 0.00 2123.0350001 20
CONFIRMATION NO. 4582
26111 FILING RECEIPT
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.G.
1100 NEW YORK AVENUE, N.W. AR LA A SN

WASHINGTON, DC 20005
Date Mailed: 09/28/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Jun LIU, Wuhan, CHINA;

Zongliang Huo, Wuhan, CHINA;

Li Hong Xiao, Wuhan, CHINA;

Zhenyu Lu, Wuhan, CHINA;

Qian Tao, Wuhan, CHINA;

Yushi Hu, Wuhan, CHINA;

Sizhe Li, Wuhan, CHINA;

Zhao Hui Tang, Wuhan, CHINA;

Yu Ting Zhou, Wuhan, CHINA,;

Zhaosong Li, 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/CN2018/097432 07/27/2018

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.
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

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: 09/26/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/126,919

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
THEREOF

Preliminary Class

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.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

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
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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< Sterne Kessler

STERNE KESSLER GOLDATEIN & FOX

DONALD J. FEATHERSTONE
DIRECTOR

(202) 772-8629
DONF@STERNEKESSLER.COM

November 28, 2018

Commissioner for Patents Confirmation No. 4582
PO Box 1450 Mail Stop Missing Parts
Alexandria, VA 22313-1450

Re:  U.S. Patent Application
Appl. No. 16/126,919; Filed: September 10, 2018
For: MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE
AND FABRICATION METHOD THEREOF
Inventors: LIU et al.
Our Ref’ 4123.0350001

Commissioner:

In reply to the “Notice to File Missing Parts of Non-Provisional Application,” dated
September 28, 2018, Applicant transmit the following documents for appropriate action by the
U.S. Patent and Trademark Office:

1. Online Credit Card Payment Authorization for $1,880.00 to cover:

$1,720.00 Patent Application fee (including basic filing, search and examination fees)
$ 160.00 Surcharge for late filing fee or late Oath or Declaration;

2. Original Combined Declaration and Assignment, executed by the inventors;
and

3. Copy of Notice to File Missing Parts of Nonprovisional Application.

The above-listed documents are filed electronically.

P I02ITLIN00 | FROR70E090 | stomahasaisroam
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Commissioner for Patents
November 28, 2018
Page 2

Fee payment is provided through online credit card payment. The U.S. Patent and
Trademark Office is hereby authorized to charge any fee deficiency, or credit any overpayment,
to our Deposit Account No. 19-0036. If extensions of time under 37 C.F.R. § 1.136 other than
those otherwise provided for herewith are required to prevent abandonment of the present patent
application, then such extensions of time are hereby petitioned, and any fees therefor are hereby
authorized to be charged to our Deposit Account No. 19-0036.

Respectfully submitted,

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

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

DJF/Y-G/cms
Enclosures

10372934 _1.docx

Staeem, Kevehy, Qoldteln & St RLALL

O Now York Svorie, KW { Washington, (0 30088

P I02ITLIN00 | FROR70E090 | stomahasaisroam

Micron Ex. 1002, p. 87
Micron v. YMTC
IPR2024-00790



E903117  2018-10-15 18:56:62

Atty. Docket No. 4123.0350001

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 16/126.919

filed on September 10, 2018

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 18 Gaoxin 4th 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 US.C.
§ 100) and throughout the world,

(a) in the invention(s) known as MULTIPLE-STACK THREE-
DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
THEREOF 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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£904117  2013-10-15 18:56:42

Appl. No. 16/126,919
Atty. Docket No. 4123.0350001

(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; o

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.
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ES04117  2018-10-15 18:56:42

Appl. No. 16/126,919
Atty. Docket No. 4123.0350001

IN WITNESS WHEREQOF, executed by the below named inventors on the date opposite
his/her name.

LEGAL NAME OF INVENTOR

Inventor: _Jum LIU Date: %/ Z . / 0 .22

G I
Signature of Inventor: - LA

LEGAL NAME OF INVENTOR

Inventor: _Zongliang HUO Date: 3__,0( & 11 _-.,l
- H

Signature of Inventor: - ; ) % kl\ﬂ % H‘)a

LEGAL NAME OF INVENTOR

Inventor: Li Hong XTIAO Date: @/3 ({)( (o, | /} .
Signature of Inventor: \‘QV/DV@\%\ W

LEGAL NAME OF INVENTOR

Inventor: Zhenyu LU Date: ,1,‘71 % jo! ()
Signature of Inventor: Z L% Lk

LEGAL NAME OF INVENTOR

Inventor: Qian TAO Date: 2018, 1. 4 6

Signature of Inventor: m_/&
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ES04317  2018-10-15 185642

Appl. No. 16/126,919
Atty. Docket No. 4123.0350001

LEGAL NAME OF INVENTOR

Inventor: _Yushi HU Date: 2ol ? [0, 6

Signature of Inventor:

LEGAL NAME OF INVENTOR
Inventor: Sizhe LI . ' Date: 2-‘77;’ 12/ - / é

Signature of Inventor: “ ’/) a § L ZAﬁ ZZ

LEGAL NAME OF INVENTOR

Inventor: Zhao Hui TANG Date:

Signature of Inventor: Z}’)M HM] Tﬁﬂé WI3- /0"15

LEGAL NAME OF INVENTOR

Inventor: _Yu Ting ZHOU Date:

Signature of Inventor: \,(3 T}y—\j 2HoU 201 3-10-1 b

LEGAL NAME OF INVENTOR

Inventor: Zhaosong LI Date: 2018~ (o~ Ié

Signature of Inventor: Z\\WS@I@ u -

9304104 _1.docx
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0 UNITED STaTES PATENT AND TRADEMARK OFFICE

UNTTEDR STATES DEPARTMENT OF COMMERCE
nt and Trademark Office

R PATENTS
ia 22313-1430
APPLICATIONNUMBER | FILING OR 371(C} DATE |  PIRSTNAMEDAPPLICANT [ ATTY. DOCKET NOJ/IVILE }
16/126,919 09/10/2018 Jan LIU 4123.0350001
CONFIRMATION NO. 4582
26111 FORMALITIES LETTER

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

yoennnn

i

Date Mailed: 09/28/2018

[

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.83(b)
Filing Date Granted

ltemns Beguired To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below (o avoid abandonment. 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 stalutory basic filing fee is missing.
« The application search fee must be submilted.
= The appiication examination fee must be submitted.
» Surcharge as set forth in 37 CFR 1.16{f) must be submitted.
The surcharge is dus for any one of:
= jate submission of the basic filing fee, search fes, or examination fee,
* late submission of invenior's oath or declaration,
» filing an application that does not contain at least one claim on filing, or
= sybmission of an application filed by reference (o a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. if apphicant is qualified for small entity status, a written assertion of
smali entity status must be submiited o establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. {(See 37 CFR 1.28 and forms PTO/SB/15A and 15B.)

« $ 300 basic filing fee.

+ $ 160 surcharge.

« 5 660 search fee.

» $ 760 examination fee.

« ${ 8) previous unapplied payment amount.

«$ 1880 TOTAL FEE BALANCE DUE.

items Reguired To Avold Processing Delays:
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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 1o the inventor's
path 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 fo each actual inventor no later than the
expiration of the time period sat in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.58(f).

« A properly executed inventor's oath or declaration has not been received for the foliowing inventor(s):
Jun LitJ
Zonghiang Huo
Li Hong Xiao
Zhenyu Lu
Qian Tao
Yushi Hu
Sizhe Li
Zhao Hui Tang
Yu Ting Zhou
Zhaosong Li
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/A2 and MPEP 512.

Replies should be mailed {o:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandriag VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Wab, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice”.
hitps://sportal.usplo.gov/authenticate/AuthenticatelUserl ocal EPF himl

For more information about EFS-Web please call the USPTO Electronic Busingss Center at 1-866-217-8187 or
visit our website at hitp/www usplo.gov/iebg,

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 i sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 2724800 or (571) 272-4200 or 1-888-786-01401.

figebre/
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Electronic Patent Application Fee Transmittal
Application Number: 16126919
Filing Date: 10-Sep-2018
Title of Invention: MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION
METHOD THEREOF
First Named Inventor/Applicant Name: Jun LIV
Filer: Donald J. Featherstone/Catherine Saunders
Attorney Docket Number: 4123.0350001
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sul:’-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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Description Fee Code Quantity Amount Sul:’-s'l'g(t;)l in
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: 34417045
Application Number: 16126919
International Application Number:
Confirmation Number: 4582
Title of Invention: MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION
: METHOD THEREOF
First Named Inventor/Applicant Name: Jun LIV
Customer Number: 26111
Filer: Donald J. Featherstone/Catherine Saunders
Filer Authorized By: Donald J. Featherstone
Attorney Docket Number: 4123.0350001
Receipt Date: 28-NOV-2018
Filing Date: 10-SEP-2018
Time Stamp: 12:02:56
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 112818INTEFSW12035701
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 e . . File Size(Bytes Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
246891
1 Applicant Response to Pre-Exam Cover-Letter-4123-0350001. 2
Formalities Notice PDF
1e8552070c72c2b9437{87581318f1900a36|
Warnings:
Information:
139125
2 Oath or Declaration filed Declaration-4123-0350001.PDF 4
ecb4b304eaB43ee159b4a96c5dd31d36be|
27d02e
Warnings:
Information:
1984863
. . Notice-Missing-
2
3 Miscellaneous Incoming Letter Parts-4123-0350001.PDF
e411820%e1ded3c237dedc259b8b4e2f22)]
cefS
Warnings:
Information:
37166
4 Fee Worksheet (SB06) fee-info.pdf 2
97d5e3056a89c80a0a4c005e4bdbB8322e85|
Warnings:
Information:
Total Files Size (in bytes){ 2408045

Micron Ex. 1002, p. 97

Micron v. YMTC
IPR2024-00790



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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505209573 11/28/2018

PATENT ASSIGNMENT COVER SHEET
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Atty. Docket No. 4123.0350001
COMBINED DECLARATION AND ASSIGNMENT

DECLARATION
As the below named inventors, [ hereby declare that:
This declaration is directed to:
[J  The attached application, or
X United States application or PCT international application number 16/126.919

filed on September 10, 2018

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 18 Gaoxin 4th 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,

(@ in the invention(s) known as MULTIPLE-STACK THREE-
DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
THEREOF 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. 16/126,919
Atty. Docket No. 4123.0350001

(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 Interpational 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.
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Appl. No. 16/126,919
Atty. Docket No. 4123.0350001

IN WITNESS WHEREOF, executed by the below named inventors on the date opposite
his/her name.

LEGAL NAME OF INVENTOR
Inventor: _Jun LIU Date: 2\) (3 .[0.22
G s
Signature of Inventor: . A
LEGAL NAME OF INVENTOR
Inventor: _Zongliang HUO Date: D__,OQS’: 11 )
N 1

Signature of Inventor: _ ; ®) fl% L‘Q Ea lF' o

LEGAL NAME OF INVENTOR

Inventor: _Li Hong XIAO Date: gﬁ ((Q (o, | 'Z)
Signature of [nventor: M\@% W

LEGAL NAME OF INVENTOR

Inventor: Zhenyu LU Date: :-LVI % (0.1 6
Signature of Inventor: Z L‘% L‘“

LEGAL NAME OF INVENTOR

Inventor: _Qian TAO Date: 2018 1. 6

Signature of Inventor: ( M
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Atty. Docket No. 4123.0350001

LEGAL NAME OF INVENTOR
Inventor: Yushi HU Date: Aol ? oy 6
Signature of Inventor: /W
LEGAL NAME OF INVENTOR
Inventor:  Sizhe LI Date: Mi/ [[,} - / é
. 1/) ’
Signature of Inventor: M 5 L ZA& ZZ
LEGAL NAME OF INVENTOR
Inventor: _Zhao Hui TANG Date:
: W3- jo-1}

Signature of Inventor: Z}\M ‘HW TAN é
LEGAL NAME OF INVENTOR
Inventor: _Yu Ting ZHOU Date:

~[0-1
Signature of Inventor: \,(“ Tw\Jq ZHDU R 31 &
LEGAL NAME OF INVENTOR
Inventor: Zhaosong LI Date: 18- [o- )
Signature of Inventor: mquj L -

9304104_1.docx
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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

APIE)TI{JII\(/:IgglI{ON I 35115;1)1\1]SA?11‘E G%I;\]A?IBT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMSl
T6/126910 0071072018 T80 2123.0350001 20
CONFIRMATION NO. 4582
26111 UPDATED FILING RECEIPT
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.G.
1100 NEW YORK AVENUE, N.W. XKD LA ORI R O

WASHINGTON, DC 20005
Date Mailed: 11/30/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Jun LIU, Wuhan, CHINA;

Zongliang Huo, Wuhan, CHINA;

Li Hong Xiao, Wuhan, CHINA;

Zhenyu Lu, Wuhan, CHINA;

Qian Tao, Wuhan, CHINA;

Yushi Hu, Wuhan, CHINA;

Sizhe Li, Wuhan, CHINA;

Zhao Hui Tang, Wuhan, CHINA;

Yu Ting Zhou, Wuhan, CHINA,;

Zhaosong Li, 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/CN2018/097432 07/27/2018

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.
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Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

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: 09/26/2018

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/126,919

Projected Publication Date: 01/30/2020
Non-Publication Request: No

Early Publication Request: No
Title

MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
THEREOF

Preliminary Class

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.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

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
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/126,919
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
e o) N/A N/A N/A N/A 300
SEARCH FEE
R i) N/A N/A N/A N/A 660
EXAMINATION FEE
A ON e N/A N/A N/A N/A 760
TOTAL CLAIMS .
(37 CFR 1.16(i)) 20 minus 20= OR [|x 100 = 0.00
INDEPENDENT CLAIMS ! *
(37 CFR 1.16(h)) 3 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 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total " =
s (37 CF?{ Iav16(i)) Mins OR [«x
=] Independent * Minus | *** =
E (37 onR 1.16(h)) OR |x
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total * Minus | ** = -
= (37 oFg{ ?16@)) OR [x =
% Independent Minus - = = OR |«x =
w (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.
** If 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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Equivalent of Form PTO/SB/08a (07-09)

Substitute for form 1449/PTO Complete if Known
Application Number 16/126,919
INFORMATION DISCLOSURE Filing Date September 10, 2018
STATEMENT BY APPLICANT First Named Inventor Jun LIU
(Use as many sheets as necessary) Art Unit 2811
Examiner Name GURLEY, Lynne Ann
Sheet | 1 ‘ of | 1 Attorney Docket Number | 4123.0350001
U.S. PATENT DOCUMENTS
Dxaminer Cite Docoment Numbe_r Publication Datc Name of Patentee or Pages, Columns, Lincs, Where
initials* No.l Number-Kind Code 2 (f MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant Figures Appear
known)
US1 2016/0268263 Al 09-15-2016 | Leeetal.
Us2 2018/0166329 Al 06-14-2018 | Huang et al.
US3 2018/0174044 Al 06-21-2018 | Na
Us4 2018/0233512 Al 08-16-2018 | Van Houdt et al.
US5 9,570,463 B1 02-14-2017 Zhang et al.
us6 9,576,967 Bl 02-21-2017 Kimura et al.
FOREIGN PATENT DOCUMENTS
Examiner Cite Forcign Pa'tem Document Publi.catiou Name of Patentee or Linz:,g :s’h(ejr(;hll{ren;:\:am 6
initials* No.l Country Code3-Number*-Kind MMf];D];fL;YYY Applicant of Cited Document Passages or Relevant | T
Code (if known) Figures Appear
FP1 CN 105977257 A 09-28-2016 | SK HYNIX INC
kP2 WO 2016/205078 A2 12-22-2016 SANDISK TECHNOLOGIES LLC
FP3 CN 107431063 A 12-01-2017 | SANDISK TECHNOLOGIES LLC
Fp4 CN 107680972 A 02-09-2018 gg?ﬁgj TANG STORAGE TECH X
FP5 CN 108093656 A 05-29-2018 | SANDISK TECHNOLOGIES INC
FP6 KR 20180076298 A 07-05-2018 | IMEC VZW
FP7 CN 108615701 A 10-02-2018 gglz‘"}[%w SEMICONDUCTOR MFG

13455131 _1.docx

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance
and not considered. Include copy of this form with next communication to applicant. ' Applicant’s unique citation designation number (optional). > See
Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. * Enter Office that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent
document. * Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a

check mark here if English language Translation is attached.
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Equivalent of Form PTO/SB/08b (7-09)

Substitute for form 1449/PTO Complete if Known
Application Numbcr 16/126,919

INFORMATION DISCLOSURE | Filing Date September 10, 2018
ST ATEMENT BY APPLIC ANT First Named Inventor LIU, Jun

(Use as many sheets as necessary) Art Unit 2811
Examiner Name GURLEY, Lynne Ann
Sheet ‘ 1 | of ‘ 1 Attorney Docket Number | 4123.0350001

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when
appropriate), title of the item (book, magazine, journal, serial, symposium, catalog, etc.), T?
date, page(s), volume-issue number(s), publisher, city and/or country where published

Examiner Cite
Initials* No.!

International Search Report and Written Opinion of the International Searching
NPL1 Authority directed to related International Patent Application No. PCT/CN2018/097432,
mailed April 16, 2019; 8 pages.

13510364 _1.docx

Examiner Date
Signature Considered

F*EXAMINER: Initial il reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation il not in conformance

and not considered. Include copy of this form with next communication to applicant.
! Applicant’s unique citation designation number (optional). ? Applicant is (o place a check mark here if English language Translation is attached.
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112 MZ S 4544 ST Z a2 e inE 2 115, nf LZEINE B 115 Bk Z)phBE 42 EBL,
AR NI B 58 115 RO /2 Z A5 ST ANES — IR 112 Z [a] TRl .

[0119]  BLEEH A7)z 1I8AIE)R 119 MR BRI Z R 120 (M5 M A5 W] Lo i /=
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B4R ST FARAEH AT LLAE P B 58— Y52 112, B—F7f% )2 118 AT LRI AR E S —
PR )Z 112 FNAIE)Z 119 Z AR5 — 30 o AR B 12 & 4540 ST FAIE 2= 119 Z 5 —
Wore MmN HINE E % 115 REFW IR, 58— f 5 5] DA B0 5. WiE 2
119 B R EnT LLRRER AR50 — 30 AN S 8B4 2 1A ] .

[0120] 4 g SL2 v LZE i 2B 450 ST i 3B FRE 42 K% 121 0 LLSE 4985
TS SL2, A, BEES SR SR 121 o] DAREH DAFE 55 & A5 ST T . 58 —3k4% SL3A
AT LA I b S A 2 % 121 FIE & 544 ST,

(01211 BT LAYERFNVALEZE 119 W R BRI _FIE A YA Z 113, Frdia i )2 119 BEE1T
AR 118 IUEE— T 3 AN 3R S Y= 112 R IRl B PR 113 1
R 1H B M3 CA.

[0122] 45 —4¢fig)= 125 MJLAHSE SR 124, 5 A4 k)2 125 LA S Z 124 K
LE{H ZE 58 k4 SLIA IMIEE . 58 4762 125 nT LLAES = 4% SLIA F )b 4 e 22 25 — ¥4
B2 113 [V HE CA R M 55 A7k )2 125 AT LLAER =R 4% SLIA [ro{) B i e 45 [ 29 48 25
B 121 T0E .

[0123]  WTLARIAH UL B2 26 £ K 28 () IR BRIk Bl &544 . fE Rk iR g5t 2 5,
T DATE 55 — e 4% SL3A 3R [ FNU1ES CA (3 il B ik 88 4025 /2 126 ARYE— A>3t te], B
g% )7 126 ML UL E 225 K 28 [ Tl Se a8 4 2% )2 v WL LA BN SR RE, USR] LLF RS —
Prg% SLIA b0 Bafgihii, 5 =308% SL3A A LI 584 dk g8 4 25 2 126 Sk 78 3F H.
HA B &t .

[0124] £ TR, iTCAFESREEL 2 126 DIR R NT o404 2 126 B Mzl ik $e 1k
IR Z 128, AR97 2 128 0] LA FGE L P E S AHPIRL (PVD) VEIE BRI BALER (TiN) 2.
WL PVD v, AT LUE AR Y2 128 DLE A B IR . (972 128 e n] LALFEIF 11, 55 — 4%
SL3A 28 B I 111 T 1%

[0125]  Z% & 30, 7] LL3: B iAE 58 = k&% SL3A JES I A 38 /0 PR a2 40 2% /2 126 A0 4 —
A2 125 DIRRER A —IRMZ 113, nILLRERARP Ry 2 128 75 o5 H B ER 758 — Ptk SL3A
JOC THI [R50 7 B 45 46 45 72 126 FNFL o3 28 A7t )= 1250 TR RRAE 55 =048 SL3A U BE Fr e 55 4
SRR 121 TR B Bk a2 4i 4 )= 126 A3 A7 = 125 A] LLHIR$Z 128 SR{rdr. DRI,
A DAAE S — 8% SL3A B EE I s B A MRS E TR R85 40 25 )2 126A. BREE4i25 )2 126A
A LMRE RS A5 ST 2N o abh, S A7t )= 125 I BLH SR — A7 /2 B4 125A 7301
[0126] S 31, i LA EBRIRY)E 128, 2R R, 58 = P& SL3A JF ¥ L v LA 5
HL AT RS W 4@ ok 7 o kA, AT DUE P AL AL P G I tb 2E ARG (CVP) Ab A S i
AARHK R AL . 7T AT P AL B B & SR B e 48 40 25 2 I 42 126A. &5 1, nTLATESS
sk SL3A IR ECER LSS USARE 113 BRI AR 129, BF APl E R 125A T LA 4L
PR LR 129 303, S 4h, a4 K2 126A tha] L LML 129 733,

[0127] 225 1&] 32 FNIE] 33, Ko Ut W AR S — 4> St 491 () ~F SR S AR i i) Oy vk B o
I Rzt BELA 2 A ] B e R R B O] T R T . AE TR SO A T LR B R
{1 S e ) £ 38 FE P9 2% RO A S

01281  {EF 32 v, AT EAAEAT R 130 FIRREE — 4845 ) 131, Bhabh, nTBLFESS — 484 )= 131
PIERE—EWE 132, F—IEKE 132 SRR, ERSHEARES A2 R
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[0129] BTk, n] AR — YRR E 132 BRI —HWidk )= 134 fEIEGE — 9k E 134 2
", A LLgE— 2B AR A A 2 133, S8 —Hid% 2 134 7] CARLREA XS T 55 42 133 B
2 BT AR . B, SRR 134 nT LS B A iR B A R,
B 133 ] LA R A A e S A

[0130]  WJLACEZS —494%)2 134 EIE I vhBH$S 2 EBL. ZIPhBH:Y)2 EBL AT AELFSAH XS T
PUR SR 8 4025 2 137 BA w2 bk BEME A BL, DUE OR3P 28 48402 137, B,
Z i BEEY 2 EBL o] UELFE RALH . 200k R4 )2 BBL ] LLEE 55— 4762 138 RS fig 47
S LR E o B0, 2V BHES )2 BBL A] LR BR G A7 )2 RS 2.5 fi%.

[0131] B TR, 55— Jk4% SL1A w] DL 28— 444 /2 34 Az v BHAY )= EBL M Al m] LA
FET—PREE SLIA hIE BN B 58 135, 55— Pk2% SLIA ] LR WS TR LRl 55— 1= 134
Az BHAY JZ EBL W % 85 28 W2 133 58— VRMRZ 132 BBE — 4842 131, N T IR
B %2 135, W] DL LAMK T J7 2R PAT I 2 AR 58— ek SL1A B9 #2 BL R Ad hn & 213
U 2 R e 2 P BHAY )2 EBL (R F2 . Dl 52 135 nJ L2448 )5 . Mz H$4 )2 EBL B A
AE TN 2 (1 2 s PR IsE , 20 BE Y 2 EBL 7T RAAE N[ 2 (1 1 38 44 4b 5 3R] % 3% 138
WL EEA . N EnT DLAFEA AT 2 BH 1Y 2 EBL B ) ok P e e .
[0132] & Rk, nf LAZEINIE B % 135 R (21 BH P4 )2 EBL 2 EHE k)2 S 454 ST, Wibd
2K 10A FIE 10B (IR, E & 454 ST v] LLEFEAH BA2 8 2 & 1058 = Wit 2 136 F128
THEE 137,

[0133] & Tk, —JF 10 OP1 v] L5 id )2 B 4544 ST ZI b FHLPY )2 EBL AN 58 — 444 2 134 1
TR AT AR AN BL 2325 1] 10A A& 10B ARl il 36 A% AR A1 ) i RSk JE i —JF 11 0P 1.
[0134] Tk, AT UL FZ22 & 10A FI1 10B (R EFE, 7] AZESS —JF 1 OP1 B R —
%2 138 VA 2 139 FIAIFRIE AR 40 2% )2 140, tnbh EZ%E 17A (R, 45— 12 0%
2 138 ] LLBLEVAIE 4 25 )2 B A A7 )2 A0 LT B 2

[0135]  7EE 33 b, Ay LAAIH LA F 222 11A FIE 11B ik Pk e A 88 — 3k SL2 K 55
Mg 141, 2Rk, Wik R BL E 225 124 A& 12B (TR o B, 88 =He4% SL3A A LL%E
R B AR ST WKk B ok, AT LIt 28 &5 —3e4% SL3A ZBRan i 32 ot 28 — itk
JZ 134 KIS —JF 11 0P2,

[0136] 432 ok, nJ LALE 8 —Bk4% SL3A FEE EIE iy 2 142, nTBARIH L BS54 13
FIATIR G FE . B B 225 18 A 19 MITiR I FRER UL 225 K 22 2 & 24 TR i #E kT
AR E 142,

[0137]  FETERLARYTZ 142 2 )5, n LB FIAH BL B2 B 17A %2 17D B AT IR I B ok 25 Bk
8 T 1 OP2 B 5E IEE D5 — A7 2 138 8By UL ERHIE 2 139. W& 32 i1 %)
PRBH Y 2 EBL 0] DLAR B SRk e /5 B 454 ST [MIREIEE 484k ) 137 IRk . TR R ER1H
W62 139 2 Ja, AT UL AR 32 Fros %) ihBH$4 2 EBL.

[0138] 4Rk, ] BLBAK)IT 77 PAT I S IR ARZ 10 I 7R T S A7 2 IR
BT HLE SRR BB AR S 142 W RE AR B 48 46 2% 2 I b T2 . ] DARRYE 3R S
Bl A SR AT IX e R

[0139]  4ldn, AT LAFI A DL 222 1] 15 M1 16 1 _FaR i sl AT T s — 50 2 (i e
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TE RS A7 2R RS B2 I R L 2 BR AR P72 142 bR DA MR il Bk 85 46 4 )2
A2 .

[0140] 78— M7 b, nf LLRIH BL LS5 18 21 19 B R b Rk $AT 2 Al YR AR 2 it
FRE R AP E I R 2 T 2 R LR R 2 142 1 T2 DL a5 4 2%
JAWEFR

(01411 fE—A8F, ATLARI A DL E S P 25 (1) F R FE R AT T S8 YA 2 it
TR TR RS AP E N R B BT i E D RE L 5 B R 2 142 B T2 DA A TR R 85 46 2%
JEHILFR .

[0142] 747, aTLLRIH L E 2% 26 £ 28 ) FIR I FERPATIE 28 Y5k
JEE R R A E IR R RS R R L SRR IR R 142 R DA RO Bk
BE S R R .

(01431  7E—4~@ b, iTLLRIH L E S5 18 29 EIE 31 i B FRRPAT I a8 — 5K
SRR R RS A SRR TR AT TR B R B BRI R 142 I R DL Rk
B RN R . BT IR R R E 142 2 )5, v DU P HAT DL S5 31
(AT FIT OB T2 e R A 2 TR it R

[0144]  Z5 1 34, BN T Ui B RHE — A S it ) 16 47 il 2% 2R Se 0 G B T HE )

[0145] W&l 34 Frow, ¥ — AN Sl A7 2% 22 48 1000 7] LELREA7Ail 25 1F 1200 A
21100,

[0146]  fFfifidsfF 1200 A] LLHAE il 47 25 PSS B (¥ B0 , v WSO BRI . (7 6%
Z24t 1200 1] LA AE 5 e e AE A 25 05 HLALRR IR 1 2 K 33 Fron F ik 544 o A% 2844 1200 1)
PAALFE 72 SCT B 0 X RN T B n X AN 422 Ak IX R4 S o A7 it #1200 a& ] PARLFE 58— 5
W2, T RRAEAT R 2 b s 88 IR M2, T RGPE 38— YR = 2 b sl IS5, JB BPE 58 IR R
E B, R R S ERERINE KR P EAAE EENSHEEM4%E)ZE 8
B2, il 2B W2 R ERE LR S s, g 20— T
WS HE. BT A 1200 DL EFIR 5 U B AN HE , DRI 25 W PR R

[0147] &8 1100 o] DAHLREEE & ENLRIFEGE B 1F 1200, Faifi) & 1100 v BAME BT = HLIK
T SRIMVT R AEGE 2 0F 12000 600, #6185 1100 W] LAFE I 854 1200 AEREL . 5O\ (B
G G HAE.

[0148] ¥4 1100 0] AALFEBANLAZHUAF fiti 45 (RAM) 1110, +H e Ab B 576 (CPU) 1120, 41
2 1130 B R 2 IEAS (ECC) HEiE 1140 AfFfifd542 11 1150,

[0149]  RAM 1110 7] BLHHAE CPU 1120 /R AF At ds At &5 1F 1200 5 012 18] 1 /= 2%
ML AR5 LS AT 8 2F 1200 5 =ML 2 IR FIZE P A7 il 5 RAM 1110 7] LA A5 BFEALAE HUA T
it (SRAM) B A7 fitids (RAM) EAR.

[0150]1  CPU 1120 n] DANC & A T4 hilds 1100 ¥R E. #n, CPU 1120 v BATR
BRI AT S IAE G RAM 1110 TP AR ¥ 2 (FTL) o

[0151]  FEAMLEEL 1130 A] LA F=HLER:. 04, #6)8 1100 7] LU &R 1 P 5 3=
PLIEAE, FIR S Pde i ds i@ A B 47 8 28 (USB) Bhisl. 28R (MMO) Brist A s 21
Hi%E (PCT) #pi~ PCI-express (PCI-E) Wpil. AR AE (ATA) Bt H:4T ATA Bril. Jf:
AT ATA PP DRIV R Gide 11 (SCST) Pl 38 o/ WG4 11 (ESDT) Pipisl s B2 R Bk 50
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HLER (IDE) ¥ FAA Bl sREA T 4555

[0152]  ECC HEi# 1140 7] AR FI AR RS IE6S (ECCs) H A4 1E WA 85 1F 1200 28 1) 5
PP TR AR

[0153]  FFfi#as4E 10 1150 0] LLS A7 4% a8 1F 1200 . 600, 476 2442 11 1150 o] LLALFR
NAND 2 5% NOR 211 .

[0154] 5l ¥ 45 1100 i& ] DAALFRIC & 8 I f - 200 I 2 P ARl 45 o Tl 22 v 7 ik
25 0] AR Hig A EALE D 1130 MAMTAE I EEE . En] Bk 77 v, b fEfigds vl LA
P AEAF B AT 2422 10 1150 AR 2814 1200 A5 0BT . FEH18% 1100 38 0] LLALFE (%
ARG HE LA S LR FOR A2 i (ROM) -

[0155]  HIT-ARHE— >S5 (R A7 0¥ 8% R 48 1000 HLFE% pe 25 5y i HEA o0 3% i 1k
A7l w4 1200, R A7 25 R 40 1000 FRREME AT DIAS B EE .

[0156]  Z75 &35, 7R T Ui BHARYE — 1~ St 1 (K A7 i R S5 F AR ] o 45 SCHh, A
T IR A A PR

(01571 &l 35 Frow, HRIE — AL (47 6% 5245 1000° 7] LLALFEAE Ak 2 F 12007 Fnfs i
#1100, $5i)9% 1100 7] LLALFE RAM 1110.CPU 1120, ML 1130.ECC HLEE 1140 FIAEfE
254210 1150 %%,

[0158]  frfiidstf 12007 n] LL2dE 5 L VEAEfiti d o AR a4 12007 wT LELHE DL FanfE 1
31 AT R . BN ARG 12007 0] LA B X of i, 52 X T I X AL
TR e X P 4k X 58 — VR 2 T BUERN IR 2 b 38 IR, TE eSS — IR = 2
o B, TR AR IEARE T R B A, BRSSP E AN S B R 2 A A
BEENSHIE AL E R, 2SR Y S B R 2 s R )E B
M EAGE R, Fid e AT S )2 . AT 12007 BLS A6 g1 1200 A1 A
(1 77 U THE S RN 3, AT HE K 2 e FPE AT R o

[0159]  fEfifas(F 1200 W] LLJE 2N A9l A 2L i 285 i B3 ik . Tk 2 A7 flocs A
Wkl A2 . Tk 2 T PR S — 2 28 k {518 CHL % CHk S5 #4628 1100 115 .
AL, BFELE AN A C A T DUE A B A B E S i gs 1100 1815 . 71t RSt
1000” W 27 B Adi 45 — S A8 il DLHL R 4E 2 (506 .

[0160] 1 FJTik, MR — A s2htafs), th T 47 ik R4 1000° FELF %R F 12007, Il 47-1i%
ZF 12007 HA MG IS AU 2% Z il  HAEA oss R, DR, 74 R4 10007 HIEE AR
FEAFH P AT LIS RIS . S ab, BT AR 12007 /] LURH 2285 1 S e 2 al, DAtk
% RS 10007 FECHE A7 it 75 B AN SR h i B m] DLk — 2D 42 .

[0161]1  ZH & 36, KA 1 vt BARYE — St 1 v 5 R G R S5 A A I o 71 S0, 28

T iR AR EE TR
(01621 Wi 36 Frow, MR ¥ — AN 9 B 1 1 5 & St 2000 0] LU 45 47 i 45 7 2100, CPU
2200 FENLAZ B AF fiti % (RAM) 2300 A B2 10 2400 HHIR 2500 R FR 48 2% 2600,

[0163]  AfrfifgnfF 2100 7T LAEAFZ2 iB FH P 82 11 2400 Fan A\ R8s UL 22 B CPU 2200 AbEEY
A . AE6E 2R 2100 A LA A4 25 CPU 2200 RAM 2300, FH J7 422 11 2400 A0 R Y5 2500 4140,
Fefitr At 2100 v DL fa i) 4 e R B2 2 R 5102k 2600, BRE AR 2 R 2L 2600. 4
FhfasfF 2100 B A2 R5A LR 2600 B, f2i) 85 s BERT L CPU 2200 A1 RAM 2300
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[0164]  fEfif&R1F 2100 0] LURAE S K VEAF il d5 . FEfif a8 2100 n] LBLFE DL ESHE 1 &
FE 33 I FTIRA7 Gt H o A7 1F 2100 7T LAELES 4 S, e b SC 7 Sy XRS5 0 X )
HIBEM X PR, TR RRAERT IR 2 b 8 IR R, TERRAE S — AR 2 b o R 2,
T AR 38 = R B, S TESE IR RE Ry P B EEN SR
Fe s )2 Vil Jz, il 5 B SR RN e R 2 . R 22 28 YRR DL BE S A 45 K
B, HFEEDL AT SHEZ. BT AERM 2100 LSRR E 1200 5% 1200 A1 [F )5
FUHC B AN, PR A s LR A R

[0165]  F4k, anbh B 275 35 FTik, £Eff A1 2100 n] BLIE i 2 A2 85 A 2 485
Bk,

[0166] HAG LIRLMMTIE R48 2000 ] LU Wit H AL M 8 5 PC (UMPC) « T3k |
ERA A ANBCTBhER (PDAs) AT HE G AL G A LR S B S HE R ARG B T
o AT HE 2 B RR R (PYP) AT 455 SR AL LA 2R 7 B AL, —4E (3D)
A0 B S ML B SRR RS B R A B MG AR RS B L B
AREIBCER  JC R E (S BIRCR W& 5 T & 1 S R A R (R — P T R 4511
FME PR R TR AL F SR TR S R I — T IR R (S B AL BE Y
£8P R YA B W RFID W45 A/ B T3 RS & M b iy — R 22,
(01671 i BAFR, f TR — A sl (1T B R Gt 2000 ALRE HAT o5 (22 B L 75 55 il
i DA e FAT O (R P IR A7 il 2 AF 2100, DB T8 3R 48 2000 (1508 A7 it 25 2 A m] LA
1930

[0168]  ZH | 37, IR T 78 tHARHE — > St i 145 R G I HE I .

[0169]1 G0l 37 s, iR 4E— AN St i1 v 5 2R 45 3000 n] AELFE HAA #:4E R 4t 3200, W H
FEFF 3100 30 F 4t 3300 FE54k = 3400 HARAFE o +HE F 48 3000 A] DAL $5 18 ai 47 it a1+
3500 FIEL 2 .

[0170]  ¥:1F & %5% 3200 nf LA PR R 45 3000 HUEKLE B S5 U5 . #4E 2R 45 3200 nf LLFE
il gL AR EE BT RS AT . W FTRERE 3100 AT BLELRE fiH 5 R St 3000 1847 125 S FH TR
¥ e NHFEFT 3100 n] B HEAE R St 3200 BT ISR -

(01711 SCAF R St 3300 7 LAROR B &5 44, Tk B MR B NS AT T E RS
3000 " ELHE k. SO R SE 3300 1T LLUERHR SO AN B, HAR R 45 52 B DR At AT it A7 A
Fft s F 3500 H o SO R SE 3300 AT LLEE T R St 3000 HH i FH IR E R 45 3200 KAff
SE. W, 4ERAE RS 3200 £ ET Microsoft Windows [K &R SimT, S04F & %% 3300 1] A2
S ECR (FAT) BUNT SO RS0 (NTFS) o 53 4b, ME & 4t 3200 225 T Unix/Linux [¥)
RG], CPF RS 3300 T LR RSO/ RS (BEXT)  Unix X RS (UFS) Bl H E RS
(JFS) »

(01721 &% & 37, #:4E R4t 3200 MW FHFEFF 3100 A0 R 58 3300 F SR B R H A o
SR, B AFER 3100 AL 1F R4 3300 w] LELREERAE R 48 3200 H.

[0173] #4452 3400 ] LAMR B TS24 2 45 3300 7 3R SR B4 He i & A7 1 2 1F 3500 g Hhhl
B, Fe 4 J2 3400 1T LUK B SO ZR St 3300 7= A8 (F02 48 Hhuhl 4 45 47 45 1F 3500 14 Bk
hbo 2 EE R R R (P B ] DA AR AE b R e R b o 940, B3 )2 3400 v L2
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N fE 4 2 (FTL) il PR N Ak ek /= (ULL) 2%,

[0174]  f7fifi & 3500 mJ LUREE S o A7 i ds, ELnJ VELEE DL L 2% | 1 2 33 TR
i o AEfEa% 4 3500 A BAALES 4 )5S, 3L b ST B 50 XORIAT T 88 50 IX W (0 ) ik X
PR, TERRTEA IR 2 b 38 ZYRRE, TEARTE 38 — AR E 2 b omlE B 2, T2 R AE 2
RS R AR AFRTE IR S AN E B Ry P BB RSN SRR
WIE )z, i R B a5 AN IR )E B R 2 8 YRR S (LA R g KR, il 2 b
—ATF R BT A ERF 3500 LS AAfitds £F 1200.12007 % 2100 AH A 1 /7 N &
FAiis , BRI IHKE 45 e FL PR AR

[0175] B Fl&SMMTHE R4 3000 1] Lo RTE B2 XK PAT IEE1E REUEMAE T
J&= XA PAT RS 2 . SRR 3100 #:4F R 48 3200 A0 R 4t 3300 1] LLALFEAE #52
YERG 2T, BRI g ok IKEh . ¥ 2 3400 7] LLOLFGAEHEVE R 402 ol hl 2 2
(01761 i Rk, d TARYE — A SCiids) (T B R St 3000 AL4E B A 05 IR 8 8L 75 2 il
it DA R A UG R R AT it 25 1F 3500, Rk, 3E T 15 3R 48 3000 MIEHE A7 6t 725 S ARy 1
EIRYECEI e

[0177] AR —ASiti 9], ~F SR B84 n] LABLFE T s AU AR J2 B el 2 . Rtk 7EdiiE
G AR SRR ], B LA mas M e 1, s RIE T . A, v BURI RS Z 2R S
TE R FE R B2 22 v 0 2 IR AR 2

01781 it B B Sjifs) m] LAE Y, A HEHRAE T BLU R R TT 2.

(01791  FeRF R 1. — P SRS, ALF -

[0180]  FPJK, 7E TR A I HH e LT R e X AN T B B 6 DX PRI (g e ik X

(01811 5 —UsAk)=, TERAE TR 4t IR | s

[0182] 28 —YsAk)E, TERUERTIA SR — IR =2 I s

[0183]  Jnffl Bl 58, T ARTE PP 28 IR =

[0184] JEEZ&5H), BFSTETAR S KR EMPTRINGE B R 2 B2 SN S HE g
2 i

[0185] VA& )2, ZF ik Frid )22 & A5 M RN T IR 58 AR 2 H R 28 TR 2 AR < DA
[0186] MEEAZEZR, FELMRSHENE LT IFHEEZ.

(01871  HARTE 2. WBCRIZE R 1 ATl (11 S84, Horp, B B 25 40 25 B =47 T Fri
ISl e RSy I E S =

[0188]  Fi AR ZE 3. WIBCRIER | Frd (1 SRS, Hod, Frad Il ) R AL 47 T Frid
FEICIX TR B X (i R T & .

[0189]  FEARTT % 4. WIBCRIE R 1 Frd 1 SRS, Fodr, Frds hn [ & R e FE 467 T Frik
G X ETIR B X P R E .

[0190]  FARIT % 5. WIBCRIE R 4 Frid (9 AR, B, i be S LS B EZ 5460 T/
R ITIX IR &L E R ES .

[0191]  FARTT % 6. WIBCRIE R 1 Frid i SRS, Fodr, B [ B 22 645 5 A0 4047
iz TR R AR I B TR R 5.

[0192]  FERTFE 7. WBCRIEESK 1 ik 12 SR g0, Horb, praddin [ & R B4 4a 44 8 .
[0193]  FEARG 8. W RIER | Fril ity A3, ik 0L .
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[0194]  BREELL ), Tk B4 %2 o T 2 & 4505 Frd 88 IR = e, JF B
AEprRnE E R EE.

[0195]  FEARTTER 9. WBRIER 1 FriR 1 SRS, I ALF i N B ITRWIEZ 5 Frid
2B 2 M6 )2

[0196]  FiARITZ 10, WBCRIZER 1 ATk (21 SAR SR, Horbr, 76 i Vi J2 1 38 [ AT ik
B IR Z R T EIE IR 58 YR AR = DAE BT IR 58 YRR = R 2 T e ST o

[0197]  FEARTTE 11. WBCRIER 10 Frid 1 SRS, 056 R PTIREE IR Z
FITIR U0 e 2 40 2% )2

[0198]  FEARTZE 12, WBRER 11 Frik (2 SAREEAT, I BLFE T AT TR P ad 46 2
SEHOIET] S

[01991  HARTER 13, WBFIER 1 Fri® i S, 005 -

[0200]  Jk&%, Z¢id PRk 2 S 4544

[0201]  FREEL LR, AR AE AT SR 42 M b, b, il e 4 0 b0 358 el P id e 44 46 25
JEFFI s A

[0202]  FLYGARZE, YE 7 BT iR B 44 11 Frad w0 B HL5 BTl 85 YR AR 2= 4 fi o

[0203]  FEARTFZE 14, WIRIRIZLR | TR SRS, 645 .

[0204]  HHlifiti A7 2, i A MNMEEZE SR ES S5 208 s BL&

[0205]  Z) D FHAY 2, T AAE BT il B 225 Frid |2 & 450 2 0] .

[0206]  FEARTJT % 15, WIRCRIESKR 14 Bk (2 SR &4, Hodb, prif Z0 ph BH Y 2 2 LU
REAR A7 2 R R

[0207]  FEARITZ 16, — Pl P FARST I 775, Ik 7 ik .

[0208]  JERGES —4H%E)ZE

(02091  JERLELEEAC B HLZE S AE TR 58 — 4t 2 LI Wi 2 A 2 S I /= B A5
[0210]  JERCE i FTiR 2 & 45 A 0 T IR 58 — 54 2 RV 6 )2 DL [RS8 BTk Ve T 2 I A7 i
=K

(02111  JEREE L BT ik )2 8 25 M P B 4%
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PASSIVE DEVICES FOR INTEGRATION
WITH THREE-DIMENSIONAL MEMORY DEVICES

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to U.S. Non-Provisional
Application Serial Nos. 14/739,284, filed June 15, 2015 and 14/739,354, filed June 15, 2015,
the entire content of the foregoing applications are incorporated herein by reference.

FIELD
[0002] The present disclosure relates generally to the field of semiconductor devices and
specifically to passive devices that are compatible with three-dimensional memory devices
and methods of making thereof.

BACKGROUND

[0003] Passive devices refer to devices that provide an output with, or without, a phase
change in linear proportion to a sinusoidal electrical input. Passive devices do not have the
ability to switch on, or off, the output. Passive devices include, for example, resistors,
capacitors, and inductors. Semiconductor circuits routinely employ passive devices in
addition to active devices such as transistors.

SUMMARY
[0004] According to an aspect of the present disclosure a three dimensional memory
device is provided, comprising a memory device region containing a plurality of non-volatile
memory devices, a peripheral device region containing active driver circuit devices, and a
first stepped surface region between the peripheral device region and the memory device

region containing a plurality of passive driver circuit devices. According to another aspect of
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the present disclosure, a device comprising a set of capacitors is provided, the device
comprising a stack of alternating layers including electrically insulating layers and
electrically conductive layers located over a substrate, wherein each underlying electrically
conductive layer that is located within the stack and has at least one overlying electrically
conductive layer that laterally extends farther than the underlying electrically conductive
layer to form a stepped surface region on a side of the stack, and a dielectric material portion
located over the stepped surface region of the stack, wherein an interface between the
dielectric material portion and the stack includes a contiguous set of horizontal surfaces and
vertical surfaces to provide the stepped surface region. The device further comprises a set of
dielectric fill material portions located within trenches that vertically extend through the stack
of alternating layers and laterally contact sidewalls of the stack of alternating layers in the
stepped surface region and a plurality of contact via structures in contact with respective
electrically conductive layers within the stack of alternating layers. The electrically
conductive layers constitute conductive components of a set of capacitors and a subset of the
electrically insulating layers constitutes node dielectrics of the set of capacitors, Each
capacitor in the set comprises a first node that includes an underlying electrically conductive
layer of a respective vertically neighboring pair and a respective contact via structure that
extends upward from the underlying electrically conductive layer and through the dielectric
material portion, and a second node that includes an overlying electrically conductive layer of
the respective vertically neighboring pair and a respective contact via structure that extends
upward from the overlying electrically conductive layer and through the dielectric material
portion.

[0005] According to another aspect of the present disclosure a method of forming a

memory device comprises forming a plurality of memory devices in a memory device region;
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forming a plurality of passive devices outside the memory device region, and forming a
conductive layer in one deposition step such that a first portion of the conductive layer
comprises a portion of at least one of the passive device and a second portion of the
conductive layer forms a portion of at least one memory device.

[0006] According to yet another aspect of the present disclosure, a semiconductor device
is provided, comprising an alternating stack of first material layers and second material layers
located over a substrate, at least one pillar structure extending from a first horizontal plane
including a top surface of the alternating stack through at least a portion of the alternating
stack, a laterally-extending semiconductor or conductive structure contacting a bottom
surface of the at least one pillar structure, and a contact via structure contacting a top surface
of the laterally-extending semiconductor or conductive structure and laterally spaced from the
at least one pillar structure. Each of the at least one pillar structure comprises at least one
doped semiconductor material portion therein, and each semiconductor material portion
within the at least one pillar structure has a doping of a same second conductivity type.
[0007] According to still another aspect of the present disclosure a method of forming at
least one resistor structure comprises forming an alternating stack of first material layers and
second material layers over a substrate, and forming at least one vertically-extending cavity
from a first horizontal plane including a top surface of the alternating stack to a laterally-
extending semiconductor or conductive structure. A physically exposed portion of a top
surface of the laterally-extending semiconductor or conductive structure is present within a
second horizontal plane located in the alternating stack below the first horizontal plane. The
method further comprises forming a resistor comprising a pillar structure within each of the at
least one vertically-extending cavity, wherein each pillar structure comprises at least one

doped semiconductor material portion, and wherein each semiconductor material within the
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pillar structure has a doping of a same second conductivity type, and forming a contact via
structure contacting another portion of the top surface of the laterally-extending
semiconductor or conductive structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a vertical cross-sectional view of a first exemplary structure after
formation of a stack of an alternating plurality of first material layers and second material
layers according to a first embodiment of the present disclosure.

[0009] FIG. 2 is a vertical cross-sectional view of the first exemplary structure after
formation of memory stack structures and an insulating cap layer according to the first
embodiment of the present disclosure.

[0010] FIG. 3 is a vertical cross-sectional view of the first exemplary structure after
formation of an optional dielectric material portion according to the first embodiment of the
present disclosure.

[0011] FIG. 4 is a vertical cross-sectional view of the first exemplary structure during
formation of stepped surfaces according to the first embodiment of the present disclosure.
[0012] FIG. 5A is a vertical cross-sectional view of the first exemplary structure after
formation of stepped surfaces according to the first embodiment of the present disclosure.
[0013] FIG. 5B is a top-down view of the first exemplary structure of FIG. 5A.
[0014] FIG. 6A is a vertical cross-sectional view of the first exemplary structure after
formation of a retro-stepped dielectric material portion and dielectric pillar structures
according to the first embodiment of the present disclosure.

[0015] FIG. 6B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 6A along the horizontal plane B — B’.

[0016] FIG. 7A is a vertical cross-sectional view of the first exemplary structure after
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formation of a backside contact trench according to the first embodiment of the present
disclosure.

[0017] FIG. 7B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 7A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 7A.

[0018] FIG. 7C is a vertical cross-sectional view of the first exemplary structure of FIG.
8B along the vertical plane C - C’.

[0019] FIG. 7D is a top-down view of the first exemplary structure of FIGS. 7A — 7C.
[0020] FIG. 8A is a vertical cross-sectional view of the first exemplary structure after
formation of lateral recesses according to the first embodiment of the present disclosure.
[0021] FIG. 8B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 8A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 8A.

[0022] FIG. 8C is a vertical cross-sectional view of the first exemplary structure of FIG.
7B along the vertical plane C — C”.

[0023] FIG. 9A is a vertical cross-sectional view of the first exemplary structure after
formation of electrically conductive layers according to the first embodiment of the present
disclosure.

[0024] FIG. 9B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 9A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 9A.

[0025] FIG. 10A is a vertical cross-sectional view of the first exemplary structure after
removal of a metallic material from trenches according to the first embodiment of the present

disclosure.
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[0026] FIG. 10B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 10A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 10A.

[0027] FIG. 11A is a vertical cross-sectional view of the first exemplary structure after
formation of dielectric fill material portions and a backside contact via structure according to
the first embodiment of the present disclosure.

[0028] FIG. 11B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 11A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 11A.

[0029] FIG. 12A is a vertical cross-sectional view of the first exemplary structure after
formation of capacitor plate contact via structures and drain contact via structures according
to the first embodiment of the present disclosure.

[0030] FIG. 12B is a horizontal cross-sectional view of the first exemplary structure of
FIG. 12A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 12A.

[0031] FIG. 12C is a vertical cross-sectional view of the first exemplary structure of FIG.
12B along the vertical plane C — C’.

[0032] FIG. 12D is a top-down view of the first exemplary structure of FIGS. 12A — 12C.
[0033] FIG. 13A is a top-down view of the first exemplary structure after formation of a
line level dielectric material layer and interconnect line structures according to the first
embodiment of the present disclosure.

[0034] FIG. 13B is a vertical cross-sectional view of the first exemplary structure of FIG.
13A along the vertical plane B — B’.

[0035] FIG. 13C is a vertical cross-sectional view of the first exemplary structure of FIG.
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13A along the vertical plane C — C’.

[0036] FIG. 13D is a vertical cross-sectional view of the first exemplary structure of FIG.
13A along the vertical plane D — D’.

[0037] FIG. 13E is a vertical cross-sectional view of the first exemplary structure of FIG.
13A along the vertical plane E — E’.

[0038] FIGS. 14A and 14X are schematic top down views of devices of embodiments of
the invention. FIGS. 14B, 14E, 14H, 14K, 14N, 14Q and 14T are top-down views of the
alternative exemplary structures during fabrication steps of the device of FIG. 14X. FIGS.
14C, 14F, 141, 141, 140, 14R and 14U are vertical cross-sectional views along respective
lines C-C’, F-F’, I-I’, L-L’, O-O’, R-R’ and U-U’ in FIGS. 14B, 14E, 14H, 14K, 14N, 14Q
and 14T, respectively. FIGS. 14D, 14G, 14], 14M, 14P, 14S and 14V are vertical cross-
sectional views along respective lines D-D’°, G-G’, J-J’, M-M’, P-P’, S-S’ and V-V’ in FIGS.
14B, 14E, 14H, 14K, 14N, 14Q and 14T, respectively.

[0039] FIG. 14W is a resulting capacitor that includes adjacent electrode plates separated
by an insulating layer, and respective electrical contacts (e.g., capacitor contact via structures)
to the electrode plates.

[0040] FIGS. 14Y and 14Z are schematic top down views of capacitor interconnection
schemes of embodiments of the invention.

[0041] FIG. 15A is a vertical cross-sectional view of a second exemplary structure after
formation of a doped semiconductor well and an optional doped contact region according to a
second embodiment of the present disclosure.

[0042] FIG. 15B is a vertical cross-sectional view of the second exemplary structure after
formation of an alternating stack of first material layers and second material layers according

to the second embodiment of the present disclosure.
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[0043] FIG. 16 is a vertical cross-sectional view of the second exemplary structure after
formation of memory openings and vertically-extending cavities according to the second
embodiment of the present disclosure.

[0044] FIG. 17 is a vertical cross-sectional view of the second exemplary structure after
formation of memory stack structures and pillar structures according to the second
embodiment of the present disclosure.

[0045] FIG. 18 is a vertical cross-sectional view of the second exemplary structure after
implantation of dopants of a second conductivity type into the pillar structures according to
the second embodiment of the present disclosure.

[0046] FIG. 19 is a vertical cross-sectional view of the second exemplary structure after
formation of an optional insulating cap layer according to the second embodiment of the
present disclosure.

[0047] FIG. 20 is a vertical cross-sectional view of the second exemplary structure after
formation of a resistor contact trench according to the second embodiment of the present
disclosure.

[0048] FIG. 21 is a vertical cross-sectional view of the second exemplary structure after
formation of an insulating spacer and a substrate contact via structure according to the second
embodiment of the present disclosure.

[0049] FIG. 22 is a vertical cross-sectional view of the second exemplary structure after
formation of drain contact via structures, pillar contact via structures, and interconnect line
structures according to the second embodiment of the present disclosure.

[0050] FIG. 23 is a vertical cross-sectional view of an alternate embodiment of the
second exemplary structure according to the second embodiment of the present disclosure.

[0051] FIG. 24 is a vertical cross-sectional view of a third exemplary structure after
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replacement of first portions of second material layers with electrically conductive layers
while maintaining second portions of the second material layers intact according to a third
embodiment of the present disclosure.

[0052] FIG. 25 is a vertical cross-sectional view of the third exemplary structure after
formation of drain contact via structures and a pillar contact line structure according to the
third embodiment of the present disclosure.

[0053] FIG. 26 is a vertical cross-sectional view of the third exemplary structure after
formation of a resistor contact trench according to the third embodiment of the present
disclosure.

[0054] FIG. 27 is a vertical cross-sectional view of the third exemplary structure after
formation of a substrate contact via structure according to the third embodiment of the
present disclosure.

[0055] FIG. 28 is a vertical cross-sectional view of a fourth exemplary structure after
formation of a dielectric material layer according to a fourth embodiment of the present
disclosure.

[0056] FIG. 29A is a vertical cross-sectional view of the fourth exemplary structure after
formation of a backside contact trench according to the fourth embodiment of the present
disclosure.

[0057] FIG. 29B is a horizontal cross-sectional view of the fourth exemplary structure
along the horizontal plane B — B’ of FIG. 29A. The vertical plane A — A’ is the plane of
vertical cross-sectional view of FIG. 29A.

[0058] FIG. 29C is a vertical cross-sectional view of the first exemplary structure of FIG.
29B along the vertical plane C — C’.

[0059] FIG. 29D is a top-down view of the first exemplary structure of FIGS. 29A — 29C.
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[0060] FIG. 30A is a vertical cross-sectional view of the fourth exemplary structure after
formation of electrically conductive layers according to the fourth embodiment of the present
disclosure.

[0061] FIG. 30B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 30A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 30A.

[0062] FIG. 31A is a vertical cross-sectional view of the fourth exemplary structure after
removal of a metallic material from trenches according to the fourth embodiment of the
present disclosure.

[0063] FIG. 31B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 31A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 31A.

[0064] FIG. 32A is a vertical cross-sectional view of the fourth exemplary structure after
formation of a backside insulating spacer and a backside contact via structure according to
the fourth embodiment of the present disclosure.

[0065] FIG. 32B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 32A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 32A.

[0066] FIG. 33A is a vertical cross-sectional view of the fourth exemplary structure after
formation of substrate contact via structures and drain contact via structures according to the
fourth embodiment of the present disclosure.

[0067] FIG. 33B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 33A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-

sectional view of FIG. 33A.
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[0068] FIG. 33C is a vertical cross-sectional view of the fourth exemplary structure of
FIG. 33B along the vertical plane C — C’.

[0069] FIG. 33D is a top-down view of the fourth exemplary structure of FIGS. 33A —
33C.

[0070] FIG. 34A is a vertical cross-sectional view of the fourth exemplary structure after
formation of vertically-extending cavities according to the fourth embodiment of the present
disclosure.

[0071] FIG. 34B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 34A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 34A.

[0072] FIG. 34C is a vertical cross-sectional view of the fourth exemplary structure of
FIG. 34B along the vertical plane C — C’.

[0073] FIG. 34D is a top-down view of the fourth exemplary structure of FIGS. 34A —
34C.

[0074] FIG. 35A is a vertical cross-sectional view of the fourth exemplary structure after
formation of resistor pillar structures according to the fourth embodiment of the present
disclosure.

[0075] FIG. 35B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 35A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 35A.

[0076] FIG. 35C is a vertical cross-sectional view of the fourth exemplary structure of
FIG. 35B along the vertical plane C — C’.

[0077] FIG. 35D is a top-down view of the fourth exemplary structure of FIGS. 35A —

35C.
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[0078] FIG. 36A is a vertical cross-sectional view of the fourth exemplary structure after
formation of interconnect line structures according to the fourth embodiment of the present
disclosure.

[0079] FIG. 36B is a horizontal cross-sectional view of the fourth exemplary structure of
FIG. 36A along the plane B — B’. The vertical plane A — A’ is the plane of vertical cross-
sectional view of FIG. 36A.

[0080] FIG. 36C is a vertical cross-sectional view of the fourth exemplary structure of
FIG. 36B along the vertical plane C — C’. FIG. 36D is a top-down view of the fourth
exemplary structure of FIGS. 36A — 36C.

[0081] FIG. 37 is a schematic top down view of devices of embodiments of the invention.

DETAILED DESCRIPTION

[0082] As discussed above, the present disclosure is directed to passive devices that are
compatible with three-dimensional memory devices and methods of making thereof, the
various aspects of which are described below. The embodiments of the disclosure can be
employed to form various structures including a device structure, a non-limiting example of
which includes capacitors and/or resistors that can be formed on a same substrate as
additional semiconductor devices such as three-dimensional monolithic memory array
devices comprising a plurality of NAND memory strings. The drawings are not drawn to
scale. Multiple instances of an element may be duplicated where a single instance of the
clement is illustrated, unless absence of duplication of elements is expressly described or
clearly indicated otherwise. Ordinals such as “first,” “second,” and “third” are employed
merely to identify similar elements, and different ordinals may be employed across the
specification and the claims of the instant disclosure. As used herein, a first element located

“on” a second element can be located on the exterior side of a surface of the second element
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or on the interior side of the second element. As used herein, a first element is located
“directly on” a second element if there exist a physical contact between a surface of the first
element and a surface of the second element.

[0083] As used herein, a “layer” refers to a material portion including a region having a
substantially uniform thickness. A layer may extend over the entirety of an underlying or
overlying structure, or may have an extent less than the extent of an underlying or overlying
structure. Further, a layer may be a region of a homogeneous or inhomogeneous contiguous
structure that has a thickness less than the thickness of the contiguous structure. For
example, a layer may be located between any pair of horizontal planes between, or at, a top
surface and a bottom surface of the contiguous structure. A plane is horizontal when it is
parallel to a flat portion of the top surface of the substrate. However, it should be understood
that the substrate may be positioned at any angle with respect to the direction of gravity and
that the term “horizontal” does not imply that a horizontal direction must be perpendicular to
the direction of gravity. A layer may extend horizontally, vertically, and/or along a tapered
surface. A substrate may be a layer, may include one or more layers therein, and/or may have
one or more layer thereupon, thereabove, and/or therebelow.

[0084] A monolithic three dimensional memory array is one in which multiple memory
levels are formed above a single substrate, such as a semiconductor wafer, with no
intervening substrates. The term “monolithic” means that layers of each level of the array are
directly deposited on the layers of each underlying level of the array. In contrast, two
dimensional arrays may be formed separately and then packaged together to form a non-
monolithic memory device. For example, non-monolithic stacked memories have been
constructed by forming memory levels on separate substrates and vertically stacking the

memory levels, as described in U.S. Patent No. 5,915,167 titled “Three Dimensional
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Structure Memory.” The substrates may be thinned or removed from the memory levels
before bonding, but as the memory levels are initially formed over separate substrates, such
memories are not true monolithic three dimensional memory arrays. The various three
dimensional memory devices of the present disclosure include a monolithic three-
dimensional NAND string memory device, and can be fabricated employing the various
embodiments described herein.

[0085] Referring to FIG. 1, a first exemplary structure according to a first embodiment of
the present disclosure is illustrated, which can be employed, for example, to fabricate a
device structure containing vertical NAND memory devices. The first exemplary structure
includes a substrate, which can be a semiconductor substrate. The substrate can include a
semiconductor material layer 10. The semiconductor material layer 10 can include at least
one elemental semiconductor material, at least one III-V compound semiconductor material,
at least one II-VI compound semiconductor material, at least one organic semiconductor
material, or other semiconductor materials known in the art. The substrate can have a major
surface 7, which can be, for example, a topmost surface of the semiconductor material layer
10. The major surface 7 can be a semiconductor surface. In one embodiment, the major
surface 7 can be a single crystalline semiconductor surface.

[0086] As used herein, a “semiconductor material” refers to a material having electrical
conductivity in the range from 1.0 x 10° S/cm to 1.0 x 10° S/cm, and is capable of producing
a doped material having electrical resistivity in a range from 1.0 S/cm to 1.0 x 10° S/cm upon
suitable doping with an electrical dopant. As used herein, an “electrical dopant” refers to a p-
type dopant that adds a hole to a valence band within a band structure, or an n-type dopant
that adds an electron to a conduction band within a band structure. As used herein, a

“conductive material” refers to a material having electrical conductivity greater than 1.0 x 10°
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S/cm. As used herein, an “insulator material” or a “dielectric material” refers to a material
having electrical conductivity less than 1.0 x 10 S/cm. All measurements for electrical
conductivities are made at the standard condition. Optionally. at least one doped well (not
expressly shown) can be formed within the semiconductor material layer 10.

[0087] At least one semiconductor device (not shown) for a peripheral circuitry can be
formed on a portion of the semiconductor material layer 10. The region in which the at least
one semiconductor device for the peripheral circuitry is herein referred to as a peripheral
device region. The at least one semiconductor device can include, for example, field effect
transistors. The least one semiconductor device for the peripheral circuitry can contain a
driver circuit for memory devices to be subsequently formed, which can include at least one
NAND device.

[0088] Optionally, a dielectric pad layer 12 can be formed above the semiconductor
material layer 10. The dielectric pad layer 12 can be, for example, silicon oxide layer. The
thickness of the dielectric pad layer 12 can be in a range from 3 nm to 30 nm, although lesser
and greater thicknesses can also be employed. A dielectric cap layer 31 can be optionally
formed. The dielectric cap layer 31 includes a dielectric material such as silicon oxide, a
dielectric metal oxide, and silicon nitride (in case the material of second material layers to be
subsequently formed is not silicon nitride).

[0089] A stack of an alternating plurality of first material layers (which can be insulating
layers 32) and second material layers (which can be sacrificial material layer 42) is formed
over the top surface of the substrate, which can be, for example, on the top surface of the
dielectric cap layer 31. As used herein, an alternating plurality of first elements and second
elements refers to a structure in which instances of the first elements and instances of the

second elements alternate. Each instance of the first elements that is not an end element of
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the alternating plurality is adjoined by two instances of the second elements on both sides,
and each instance of the second elements that is not an end element of the alternating
plurality is adjoined by two instances of the first elements on both ends. The first elements
may have the same thickness thereamongst, or may have different thicknesses. The second
elements may have the same thickness thereamongst, or may have different thicknesses. The
alternating plurality of first material layers and second material layers may begin with an
instance of the first material layers or with an instance of the second material layers, and may
end with an instance of the first material layers or with an instance of the second material
layers. In one embodiment, an instance of the first elements and an instance of the second
elements may form a unit that is repeated with periodicity within the alternating plurality.
[0090] Each first material layer includes a first material, and each second material layer
includes a second material that is different from the first material. In one embodiment, each
first material layer can be an insulator layer 32, and each second material layer can be a
sacrificial material layer 42. In this case, the stack can include an alternating plurality of
insulator layers 32 and sacrificial material layers 42.

[0091] The stack of the alternating plurality is herein referred to as an alternating stack
(32, 42). In one embodiment, the alternating stack (32, 42) can include insulator layers 32
composed of the first material, and sacrificial material layers 42 composed of a second
material different from that of insulator layers 32. The first material of the insulator layers
32 can be at least one electrically insulating material. As such, each insulator layer 32 can be
an electrically insulating material layer. Electrically insulating materials that can be
employed for the insulator layers 32 include, but are not limited to silicon oxide (including
doped or undoped silicate glass), silicon nitride, silicon oxynitride, organosilicate glass

(OSG), spin-on dielectric materials, dielectric metal oxides that are commonly known as high
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dielectric constant (high-k) dielectric oxides (e.g., aluminum oxide, hafnium oxide, etc.) and
silicates thereof, dielectric metal oxynitrides and silicates thereof, and organic insulating
materials. In one embodiment, the first material of the insulator layers 32 can be silicon
oxide.

[0092] The second material of the sacrificial material layers 42 is a sacrificial material
that can be removed selective to the first material of the insulator layers 32. As used herein, a
removal of a first material is “selective to” a second material if the removal process removes
the first material at a rate that is at least twice the rate of removal of the second material. The
ratio of the rate of removal of the first material to the rate of removal of the second material is
herein referred to as a “selectivity” of the removal process for the first material with respect
to the second material.

[0093] The sacrificial material layers 42 may comprise an electrically insulating material,
a semiconductor material, or a conductive material. The second material of the sacrificial
material layers 42 can be subsequently replaced with electrically conductive electrodes which
can function, for example, as control gate electrodes of a vertical NAND device. Non-
limiting examples of the second material include silicon nitride, an amorphous semiconductor
material (such as amorphous silicon), and a polycrystalline semiconductor material (such as
polysilicon). In one embodiment, the sacrificial material layers 42 can be material layers
that comprise silicon nitride or a semiconductor material including at least one of silicon and
germanium.

[0094] In one embodiment, the insulator layers 32 can include silicon oxide, and
sacrificial material layers can include silicon nitride sacrificial material layers. The first
material of the insulator layers 32 can be deposited, for example, by chemical vapor

deposition (CVD). For example, if silicon oxide is employed for the insulator layers 32,
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tetraethyl orthosilicate (TEOS) can be employed as the precursor material for the CVD
process. The second material of the sacrificial material layers 42 can be formed, for example,
CVD or atomic layer deposition (ALD).

[0095] The sacrificial material layers 42 can be suitably patterned so that conductive
material portions to be subsequently formed by replacement of the sacrificial material layers
42 can function as electrically conductive electrodes, such as the control gate electrodes of
the monolithic three-dimensional NAND string memory devices to be subsequently formed.
The sacrificial material layers 42 may comprise a portion having a strip shape extending
substantially parallel to the major surface 7 of the substrate.

[0096] The thicknesses of the insulator layers 32 and the sacrificial material layers 42 can
be in a range from 20 nm to 50 nm, although lesser and greater thicknesses can be employed
for each insulator layer 32 and for each sacrificial material layer 42. The number of
repetitions of the pairs of an insulator layer 32 and a sacrificial material layer (e.g., a control
gate electrode or a sacrificial material layer) 42 can be in a range from 2 to 1,024, and
typically from 8 to 256, although a greater number of repetitions can also be employed. The
top and bottom gate electrodes in the stack may function as the select gate electrodes. In one
embodiment, each sacrificial material layer 42 in the alternating stack (32, 42) can have a
uniform thickness that is substantially invariant within each respective sacrificial material
layer 42. The first exemplary structure may include a memory device region 100 in which an
array of memory devices can be subsequently formed, and a capacitor region 400 in which at
least one passive device can be subsequently formed.

[0097] Referring to FIG. 2, a lithographic material stack (not shown) including at least a
photoresist layer can be formed over the alternating stack (32, 42), and can be

lithographically patterned to form openings therein. The pattern in the lithographic material
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stack can be transferred through the entirety of the alternating stack (32, 42) by at least one
anisotropic etch that employs the patterned lithographic material stack as an etch mask.
Portions of the alternating stack (32, 42) underlying the openings in the patterned lithographic
material stack are etched to form memory openings. In other words, the transfer of the
pattern in the patterned lithographic material stack through the alternating stack (32, 42)
forms the memory openings that extend through the alternating stack (32, 42). The chemistry
of the anisotropic etch process employed to etch through the materials of the alternating stack
(32, 42) can alternate to optimize etching of the first and second materials in the alternating
stack (32, 42). The anisotropic etch can be, for example, a series of reactive ion etches.
Optionally, the dielectric cap layer 31 may be used as an etch stop layer between the
alternating stack (32, 42) and the substrate. The sidewalls of the memory openings can be
substantially vertical, or can be tapered. The patterned lithographic material stack can be
subsequently removed, for example, by ashing. The memory openings can be formed in the
memory device region 100.

[0098] The memory openings are formed through the dielectric cap layer 31 and the
dielectric pad layer 12 so that the memory openings extend from the top surface of the
alternating stack (32, 42) to the top surface of the semiconductor material layer 10. In one
embodiment, an overetch into the semiconductor material layer 10 may be optionally
performed after the top surface of the semiconductor material layer 10 is physically exposed
at a bottom of each memory openings. The overetch may be performed prior to, or after,
removal of the lithographic material stack. In other words, the recessed surfaces of the
semiconductor material layer 10 may be vertically offset from the undressed top surfaces of
the semiconductor material layer 10 by a recess depth. The recess depth can be, for example,

in a range from 1 nm to 50 nm, although lesser and greater recess depths can also be
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employed. The overetch is optional, and may be omitted. If the overetch is not performed,
the bottom surface of each memory openings can be coplanar with the topmost surface of the
semiconductor material layer 10. Each of the memory openings can include a sidewall (or a
plurality of sidewalls) that extends substantially perpendicular to the topmost surface of the
substrate. The region in which the array of memory openings is formed is herein referred to
as a device region.

[0099] A memory stack structure 55 can be formed within each memory opening
through the alternating stack (32, 42). The memory stack structures 55 can be formed, for
example, by forming an optional epitaxial channel portion 66 at a bottom portion of each
memory opening by selectively depositing a semiconductor material that is intrinsic or has a
doping of a same conductivity type as the semiconductor material layer 10. Alternatively,
portion 66 may be omitted or replaced by a trench in layer 10. A memory film layer is
deposited in the memory openings over the alternating stack (32, 42) by a series of conformal
deposition processes. The memory film layer can be a stack of contiguous material layers
that overlie the entirety of the alternating stack (31, 42,). The memory film layer contacts all
sidewall surface(s) and all bottom surface(s) of the memory openings. The memory film
layer is a contiguous film stack that provides the functionality of charge storage in the
absence of an external electrical bias voltage, while enabling charge transfer in the presence
of a suitable external electrical bias voltage.

[00100] In one embodiment, the memory film layer can be a stack, in the order of
formation, of a blocking dielectric layer, a charge storage layer, and a tunnel dielectric layer.
In one embodiment, a plurality of floating gates or a charge storage dielectric can be located
between the tunneling dielectric layer and the blocking dielectric layer.

[0100] The blocking dielectric layer contacts the sidewalls of the memory openings.
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Specifically, the blocking dielectric layer can contact the sidewalls of the sacrificial layers 42.
The blocking dielectric layer may include one or more dielectric material layers that can
function as the control gate dielectrics for control gate electrodes to be subsequently formed.
The blocking dielectric layer can include silicon oxide, a dielectric metal oxide, a dielectric
metal oxynitride, or a combination thereof. In one embodiment, the blocking dielectric layer
can include a stack of at least one silicon oxide layer and at least one dielectric metal oxide
layer. The blocking dielectric layer can be formed by a conformal deposition process such as
chemical vapor deposition (CVD) and/or atomic layer deposition (ALD), and/or by
deposition of a conformal material layer (such as an amorphous silicon layer) and subsequent
conversion of the conformal material layer into a dielectric material layer (such as a silicon
oxide layer). The thickness of the blocking dielectric layer can be in a range from 6 nm to 24
nm, although lesser and greater thicknesses can also be employed. Alternatively, the
blocking dielectric layer may be omitted from the memory opening, and instead be formed
through the backside contact trench in recesses formed by removal of the sacrificial layers 42
prior to forming the metal control gate electrodes through a backside contact trench.

[0101] The charge storage layer includes a dielectric charge trapping material, which can
be, for example, silicon nitride, or a conductive material such as doped polysilicon or a
metallic material. In one embodiment, the charge storage layer includes silicon nitride. The
charge storage layer can be formed as a single charge storage layer of homogeneous
composition, or can include a stack of multiple charge storage material layers. The multiple
charge storage material layers, if employed, can comprise a plurality of spaced-apart floating
gate material layers that contain conductive materials (e.g., metal such as tungsten,
molybdenum, tantalum, titanium, platinum, ruthenium, and alloys thereof, or a metal silicide

such as tungsten silicide, molybdenum silicide, tantalum silicide, titanium silicide, nickel
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silicide, cobalt silicide, or a combination thereof) and/or semiconductor materials (e.g.,
polycrystalline or amorphous semiconductor material including at least one elemental
semiconductor element or at least one compound semiconductor material). Alternatively or
additionally, the charge storage layer may comprise an insulating charge trapping material,
such as one or more silicon nitride segments. Alternatively, the charge storage layer may
comprise conductive nanoparticles such as metal nanoparticles, which can be, for example,
ruthenium nanoparticles. The charge storage layer can be formed, for example, by chemical
vapor deposition (CVD), atomic layer deposition (ALD), physical vapor deposition (PVD), or
any suitable deposition technique for the selected material(s) for the charge storage layer.
The thickness of the charge storage layer can be in a range from 2 nm to 20 nm, although
lesser and greater thicknesses can also be employed.

[0102] The tunnel dielectric layer includes a dielectric material through which charge
tunneling can be performed under suitable electrical bias conditions. The charge tunneling
may be performed through hot-carrier injection or by Fowler-Nordheim tunneling induced
charge transfer depending on the mode of operation of the monolithic three-dimensional
NAND string memory device to be formed. The tunneling dielectric layer can include silicon
oxide, silicon nitride, silicon oxynitride, dielectric metal oxides (such as aluminum oxide and
hafnium oxide), dielectric metal oxynitride, dielectric metal silicates, alloys thereof, and/or
combinations thereof. In one embodiment, the tunneling dielectric layer can include a stack
of a first silicon oxide layer, a silicon oxynitride layer, and a second silicon oxide layer,
which is commonly known as an ONO stack. In one embodiment, the tunneling dielectric
layer can include a silicon oxide layer that is substantially free of carbon or a silicon
oxynitride layer that is substantially free of carbon. The thickness of the tunnel dielectric

layer can be in a range from 2 nm to 20 nm, although lesser and greater thicknesses can also
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be employed.

[0103] Optionally, a permanent channel material layer (such as a polysilicon layer) and/or
a sacrificial layer (such as a dielectric material layer) may be formed on the memory film
layer. The memory film layer (and any additional layer such as a permanent channel material
layer or a sacrificial layer) can be anisotropically etched so that horizontal portions of the
memory film layer (and any additional layer) are removed from above the top surface of the
alternating stack (32, 42) and at the bottom of each memory opening. Each remaining
vertical portion of the memory film layer that remains within a memory opening after the
anisotropic etch constitutes a memory film 50. Each memory film 50 can be homeomorphic
to a torus. As used herein, an element is homeomorphic to a geometrical shape if the shape
of the element can be mapped to the geometrical shape by continuous deformation without
creation or destruction of any hole. If an electrode underlies the memory openings, a top
surface of the electrode can be physically exposed within the cavity defined by the inner
sidewalls of an overlying memory film 50.

[0104] In one embodiment, a first semiconductor channel layer can be deposited directly
on the surfaces of the tunnel dielectric layer as a permanent channel material layer by a
conformal deposition method such as chemical vapor deposition (CVD). The first
semiconductor channel layer and the memory films can be anisotropically etched to form an
opening at a bottom portion of each memory opening. A top surface of the substrate
semiconductor layer 10 is physically exposed at the bottom of each memory opening. Each
remaining portion of the first semiconductor channel layer within a memory opening
constitutes a first semiconductor channel portion 601.

[0105] After formation of a memory film 50 and a first semiconductor channel portion

601 within each memory opening, a second semiconductor channel layer can be deposited on
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the sidewalls of the first semiconductor channel portions 601, physically exposed surfaces of
the substrate semiconductor layer 10 within the memory openings, and over the alternating
stack (32, 42). The semiconductor material of the second semiconductor channel layer can
include a doped polycrystalline semiconductor material (such as doped polysilicon), or can
include a doped amorphous semiconductor material (such as amorphous silicon) that can be
subsequently converted into a doped polycrystalline semiconductor material after a suitable
anneal at an elevated temperature.

[0106] Optionally, a dielectric core 62 can be formed within a cavity inside each
semiconductor channel 60, for example, by deposition of a dielectric material such as silicon
oxide, and subsequent planarization of the dielectric material. The planarization of the
dielectric material removes the portion of the deposited dielectric material from above the top
surface of the horizontal plane including the top surface of the topmost layer of the
alternating stack (32, 42), which can be, for example, the top surface of the topmost insulator
layer 32. The planarization of the dielectric material can be performed, for example, by
chemical mechanical planarization. Each remaining portion of the dielectric material inside a
memory opening constitutes a dielectric core 62. The dielectric core 62 is an optional
component, and a combination of a memory film 50 and a semiconductor channel 60 may
completely fill a memory opening

[0107] The horizontal portion of the second semiconductor channel layer above the top
surface of the topmost layer of the alternating stack (32, 42) can be removed, for example, by
a recess etch. Each remaining portion of the second semiconductor channel layer constitutes
a second semiconductor channel 602. Each adjoined pair of a first semiconductor channel
601 and a second semiconductor channel 602 vertically extend through the alternating stack

(32, 42), and optional pillar collectively constitutes a portion of a semiconductor channel 60
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for a memory stack structure 55. A set of a memory film 50 and a semiconductor channel 60
within a same memory opening constitutes a memory stack structure 55.

[0108] Drain regions 63 can be formed by recessing a top portion of each dielectric core
and depositing a doped semiconductor material. The doped semiconductor material can be,
for example, doped polysilicon. The drain regions 63 can have a doping of a second
conductivity type, which is the opposite of the first conductivity type (that is the conductivity
type of the semiconductor material layer 10). Excess portions of the deposited semiconductor
material can be removed from above the top surface of the alternating stack (32, 42), for
example, by chemical mechanical planarization (CMP) or a recess etch.

[0109] Optionally, an insulating cap layer 71 can be formed over the alternating stack
(32, 42) and the array of memory stack structures 55. The insulating cap layer 71 can include
a dielectric material such as silicon oxide, a dielectric metal oxide, and/or a nitrogen-doped
organosilicate glass. The thickness of the insulating cap layer 71 can be in a range from 5 nm
to 100 nm, although lesser and greater thicknesses can also be employed.

[0110] Referring to FIG. 3, a portion of the alternating stack (32, 42) can be removed, for
example, by applying and patterning a photoresist layer (not shown), and by transferring the
pattern of the photoresist layer through the alternating stack (32, 42) employing an etch such
as an anisotropic etch. A trench extending through the entire thickness of the alternating
stack (32, 42) can be formed. Subsequently, the trench can be filled with an optional
dielectric material such as silicon oxide to form a dielectric material portion 64. Excess
portions of the dielectric material can be removed from above the top surface of the
insulating cap layer 71 by a planarization process such as chemical mechanical planarization
and/or a recess etch. The top surfaces of the insulating cap layer 71 can be employed as a

stopping surface during the planarization. A top surface of the dielectric material portion 64
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can be coplanar with a top surface of the insulating cap layer 71.

[0111] Referring to FIG. 4, a trimming material layer 67 is formed and patterned over
the insulating cap layer 71. The trimming material layer 67 comprises a material that can be
continually trimmed, i.e., a material that can be gradually removed over a time duration from
outside to inside at a controlled removal rate. For example, the trimming material layer 67
can be selected from a photoresist material, an organic polymer material, and an inorganic
polymer material. Organic polymer materials that can be employed for the trimming material
layer 67 can be an organic material made of cross-linked carbon-containing monomers, and
can be carbon-based self-planarizing material known in the art. Inorganic polymer material
that can be employed for the trimming material layer 67 include silicon-based polymer
materials such as silicon-based antireflective coating materials as known in the art. A portion
of the trimming material layer 67 remains after repeated trimming that shifts an outer
sidewall of the trimming material layer 67 to a periphery of the capacitor region 400
adjoining the memory device region 100.

[0112] Portions of the insulating cap layer 71 and a topmost insulator layer 32 within the
area of an opening in the trimming material layer 67 can be removed by an anisotropic etch.
The last step of the anisotropic etch can be selective to the material of the sacrificial material
layer 42 to minimize an overetch into the topmost sacrificial material layer 42. A recess
cavity is formed at the levels of the insulating cap layer 71 and the topmost insulator layer 32
within the area of the opening in the trimming material layer 67.

[0113] Subsequently, a set of process steps is repeatedly performed to form stepped
surfaces in the capacitor region 400. Each set of processing steps can include a first
processing step of trimming the trimming material layer 67 to widen the opening in the

trimming material layer 67, a second processing step of anisotropically etching the material
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of the sacrificial material layers 42 (with or without collateral etching of the material of the
insulating cap layer 71) within the opening in the trimming material layer 67, a third step of
anisotropically etching any remaining portion of the insulating cap layer 71 and the material
of the insulator layers 32 within the opening in the trimming material layer 67. In one
embodiment, an anisotropic etch process employed in the second processing step can be
selective to the material of the insulator layers 32, and the anisotropic etch employed in the
third processing step can be selective to the material of the sacrificial material layers 42.
[0114] Referring to FIGS. 5A and 5B, the set of processing steps is repeated performed
until the bottommost sacrificial material layer 42 is patterned. Optionally, the dielectric cap
layer 31 and the dielectric pad layer 12 may be patterned with the same pattern as the
bottommost sacrificial material layer 42. The trimming material layer 67 can be subsequently
removed, for example, by ashing.

[0115] A stepped surface region is formed in the capacitor region 400. As used herein, a
“stepped surface region” refers to a region in which stepped surfaces are present. As used
herein, “stepped surfaces” refer to a set of surfaces that include at least two horizontal
surfaces and at least two vertical surfaces such that each horizontal surface is adjoined to a
first vertical surface that extends upward from a first edge of the horizontal surface, and is
adjoined to a second vertical surface that extends downward from a second edge of the
horizontal surface.

[0116] The cavity overlying the steppes surfaces is a stepped cavity. As used herein, a
“stepped cavity” refers to a cavity having stepped surfaces. The stepped cavity 69 can
straddle a remaining portion of the dielectric material portion 64 (not shown) and a remaining
patterned portion of the alternating stack (32, 42). Within the stepped surface region, each

underlying second material layer (such as a sacrificial material layer 42) laterally extends
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farther than any overlying second material layer, and each underlying first material layer
(such as an insulator layer 32) laterally extends farther than any overlying first material layer.
A vertically adjoining pair of a first material layer (such as an insulator layer 32) and a
second material layer (such as a sacrificial material layer 42) can have vertically coincident
sidewalls. As used herein, a first surface and a second surface are vertically coincident with
each other if there exists a vertical plane including both the first surface and the second
surface.

[0117] Referring to FIGS. 6A and 6B, a dielectric material portion (i.e., insulating fill
material portion) can be formed in the stepped cavity 69 by deposition of a dielectric material
such as silicon oxide. Excess portions of the deposited dielectric material can be removed
from above the top surface of the insulating cap layer 71, for example, by chemical
mechanical planarization (CMP). The remaining portion of the deposited dielectric material
filling the stepped cavity 69 constitutes the dielectric material portion.

[0118] The dielectric material portion is retro-stepped, and is herein referred to as a retro-
stepped dielectric material portion 65. As used herein, a “retro-stepped” element refers to an
element that has stepped surfaces and a horizontal cross-sectional area that increases
monotonically as a function of a vertical distance from a top surface of a substrate on which
the element is present. The retro-stepped dielectric material portion 65 is formed over the
stepped structure of the alternating stack (32, 42), and can have a planar top surface. If
silicon oxide is employed for the retro-stepped dielectric material portion 65, the silicon
oxide of the retro-stepped dielectric material portion 65 may, or may not, be doped with
dopants such as B, P, and/or F. The horizontal cross-sectional area of the retro-stepped
dielectric material portion 65 at a horizontal plane is not less than the horizontal cross-

sectional area of the retro-stepped dielectric material portion 65 at any horizontal plane that is

28-

Micron Ex. 1002, p. 207
Micron v. YMTC
IPR2024-00790



WO 2016/205078 PCT/US2016/036771

more proximal to the substrate (i.e., the semiconductor material layer 10).

[0119] At least one dielectric pillar structure 7P may be optionally formed through the
retro-stepped dielectric material portion 65 and/or through the alternating stack (32, 42).
Further, dielectric support pillar structures 7Q may be formed in the contact region, which
provide support for the insulator layers 32 in subsequent processing steps, and especially,
during replacement of sacrificial material layers with conductive material layers. The at least
one dielectric pillar structure 7P and the dielectric support pillar structures 7Q can be formed,
for example, by forming openings extending through the retro-stepped dielectric material
portion 65 and/or through the alternating stack (32, 42) and at least to the top surface of the
substrate 10, and by filling the openings with a dielectric fill material that is resistant to the
etch chemistry to be employed to remove the sacrificial material layers 42. In one
embodiment, the at least one dielectric pillar structure can include silicon oxide and/or a
dielectric metal oxide such as aluminum oxide. In one embodiment, the portion of the
dielectric material that is deposited over the insulating cap layer 71 concurrently with
deposition of the at least one dielectric pillar structure 7P and the dielectric support pillar
structures 7Q can be present over insulating cap layer 71 as a dielectric material layer 73.
The dielectric material layer 73 and the at least one dielectric pillar structure 7P and the
dielectric support pillar structures 7Q can be formed as a single contiguous structure of
integral construction, i.e., without any material interface therebetween. In another
embodiment, the portion of the dielectric material that is deposited over insulating cap layer
71 concurrently with deposition of the at least one dielectric pillar structure 7P and the
dielectric support pillar structures 7Q can be removed, for example, by chemical mechanical
planarization or a recess etch. In this case, the dielectric material layer 73 is not present, and

the top surface of insulating cap layer 71 can be physically exposed.
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[0120] In this embodiment, the shape of the at least one dielectric pillar structure 7P can
be such that the at least one dielectric pillar structure 7P physically isolates a first portion of
the alternating stack (32, 42) located within the memory device region 100 from a second
portion of the alternating stack (32, 42) located within the capacitor region 400. In one
embodiment, a dielectric pillar structure 7P can be formed at a boundary between the
memory device region 100 and the capacitor region 400. However, other pillar 7P shapes,
such as cylindrical pillar shapes may be used as described below with respect to FIG. 14A of
the alternative embodiment. The dielectric support pillar structures 7Q can be formed as an
array of discrete dielectric support pillar structures so as to provide mechanical support to the
structures in the contact region during subsequent processing steps.

[0121] FIGS. 7A — 7D, a photoresist layer (not shown) can be applied over the
alternating stack (32, 42) and the retro-stepped dielectric material portion 65 and the optional
dielectric material layer 73, and lithographically patterned to form openings therein. The
pattern of the openings includes an opening in the memory device region 100 and a plurality
of openings in the capacitor region 400. The pattern of the opening in the memory device
region 100 is selected such that a lateral distance from the opening in the memory device
region 100 to a group of memory stack structures 55 does not exceed a predefined distance,
which is the distance of a lateral etch to be subsequently employed to form lateral recesses.
The pattern of the openings in the capacitor region 400 is selected such that trenches to be
subsequently formed within the area of the openings within the capacitor region 400 can
divide the second portion of the alternating stack (32, 42) located within the capacitor region
400 into a plurality of physically disjoined alternating stacks (32, 42).

[0122] An anisotropic etch can be performed to etch through portions of the optional

dielectric material layer 73, the optional insulating cap layer 71, the retro-stepped dielectric
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material portion 65, and the alternating stack (32, 42) that underlie the openings within the
photoresist layer. A backside contact trench 79 is formed directly underneath the opening in
the photoresist layer within the memory device region 100. A lateral separation trench 89 is
formed directly underneath each opening in the photoresist layer within the capacitor region
400. The backside contact trench 79 and the lateral separation trenches 89 can extend from
the top surface of the dielectric material layer 73 (or the material layer contacting the bottom
surface of the photoresist layer in case a dielectric material layer 73 is not employed) at least
to the top surface of the semiconductor material layer 10 in the substrate. The lateral
separation trenches 89 divides the second portion of the alternating stack (32, 42) in the
capacitor region 400 into a plurality of physically disjoined alternating stacks (32, 42) that are
laterally spaced apart by the lateral separation trenches 89.

[0123] Each of the backside contact trench 79 and the lateral separation trenches 89 can
be a line trench, i.e., a trench having a uniform width and extending along a lengthwise
direction. The sidewalls of the backside contact trench 79 and the lateral separation trenches
89 may be vertical, or may be tapered. In one embodiment, the backside contact trench 79
may have a first trench width tw1, and the lateral separation trenches 89 may have a second
trench width tw?2 that is less than the first trench width twl. In one embodiment, the first
trench width tw1 can be in a range from 30 nm to 1,000 nm, and the second trench width w2
can be in a range from 20 nm to 500 nm, although lesser and greater trench widths can be
employed for each of the backside contact trench 79 and the lateral separation trenches 89.
[0124] In one embodiment, a dielectric pillar structure 7P can extend along a first
horizontal direction hd1, and the backside contact trench 79 can extend along the first
horizontal direction hd1. The lateral separation trenches 89 can adjoin the dielectric pillar

structure 7P such that a sidewall of each lateral separation trench 89 is a sidewall of the
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dielectric pillar structure 7P. The lateral separation trenches 89 can extend along a horizontal
direction that is different from the first horizontal direction hd1, which is herein referred to as
a second horizontal direction hd2. In one embodiment, the second horizontal direction hd2
can be perpendicular to the first horizontal direction hd1l. In one embodiment, the lateral
separation trenches 89 can laterally extend along a lateral direction that is perpendicular to
the stepped surfaces within the stepped surface region. As used herein, a lateral direction that
is perpendicular to the stepped surfaces refers to the lateral direction that is perpendicular to
vertical surfaces within the stepped surfaces. In other words, the second horizontal direction
hd2 can be perpendicular to the vertical surfaces (i.e., the sidewalls of the insulator layers 32
and the sacrificial material layers 42) of the stepped surfaces.

[0125] Each lateral separation trench 89 extends through the stack of alternating layers
(32, 42) as embodied in multiple physically disjoined portions. Sidewalls of patterned
portions of the stack of alternating layers (32, 42) are physically exposed within each lateral
separation trench 89. The photoresist layer can be removed, for example, by ashing.

[0126] Referring to FIGS. 8A — 8C, an etchant that selectively etches the second material
of the sacrificial material layers 42 with respect to the first material of the insulator layers 32
can be introduced into the backside contact trench 79 and the lateral separation trenches 89,
for example, employing an isotropic etch process. Backside recesses (43, 143) are formed in
volumes from which the sacrificial material layers 42 are removed. The removal of the
second material of the sacrificial material layers 42 can be selective to the first material of the
insulator layers 32, the material of the at least one dielectric support pillar 7P, the material of
the retro-stepped dielectric material portion 65, the semiconductor material of the
semiconductor material layer 10, and the material of the outermost layer of the memory films

50. In one embodiment, the sacrificial material layers 42 can include silicon nitride, and the
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materials of the insulator layers 32, the at least one dielectric support pillar 7P, and the retro-
stepped dielectric material portion 65 can be selected from silicon oxide and dielectric metal
oxides. In another embodiment, the sacrificial material layers 42 can include a
semiconductor material such as polysilicon, and the materials of the insulator layers 32, the at
least one dielectric support pillar 7P, and the retro-stepped dielectric material portion 65 can
be selected from silicon oxide, silicon nitride, and dielectric metal oxides. In this case, the
depth of the backside contact trench 79 can be modified so that the bottommost surface of the
backside contact trench 79 is located within the dielectric pad layer 12, i.e., to avoid physical
exposure of the top surface of the semiconductor substrate layer 10.

[0127] The etch process that removes the second material selective to the first material
and the outermost layer of the memory films 50 can be a wet etch process employing a wet
etch solution, or can be a gas phase (dry) etch process in which the etchant is introduced in a
vapor phase into the backside contact trench 79. For example, if the sacrificial material
layers 42 include silicon nitride, the etch process can be a wet etch process in which the
exemplary structure is immersed within a wet etch tank including phosphoric acid, which
etches silicon nitride selective to silicon oxide, silicon, and various other materials employed
in the art. The at least one dielectric support pillar 7P, the retro-stepped dielectric material
portion 65, and the memory stack structures 55 provide structural support while the backside
recesses (43, 143) are present within volumes previously occupied by the sacrificial material
layers 42.

[0128] Each backside recess (43, 143) can be a laterally-extending cavity having a lateral
dimension that is greater than the vertical extent of the cavity. In other words, the lateral
dimension of each backside recess (43, 143) can be greater than the height of the backside

recess (43, 143). A plurality of backside recesses (43, 143) can be formed in the volumes
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from which the second material of the sacrificial material layers 42 is removed. The plurality
of backside recesses (43, 143) include first backside recesses 43 that are formed within the
memory device region 100 by introduction of the etchant through the backside contact trench
79, and second backside recesses that are formed within the capacitor region 400 by
introduction of the etchant through the lateral separation trenches 89.

[0129] Each of the plurality of first backside recesses (43, 143) can extend substantially
parallel to the top surface of the substrate 10. A backside recess (43, 143) can be vertically
bounded by a top surface of an underlying insulator layer 32 and a bottom surface of an
overlying insulator layer 32. In one embodiment, each backside recess (43, 143) can have a
uniform height throughout.

[0130] The memory openings in which the memory stack structures 55 are formed are
herein referred to as front side recesses or front side cavities in contrast with the first backside
recesses 43. In one embodiment, the memory device region 100 comprises an array of
monolithic three-dimensional NAND strings having a plurality of device levels disposed
above the substrate 10. In this case, each first backside recess 43 can define a space for
receiving a respective word line of the array of monolithic three-dimensional NAND strings.
[0131] The second lateral recesses 143 can be formed at each level of the sacrificial
material layers 42 in the capacitor region 400. Each second lateral recess 143 can be
adjoined to at least one of the lateral separation trenches 89. At least one set of second lateral
recesses 143 can be laterally adjoined to a neighboring pair of lateral separation trenches 89.
Thus, a stacked cavity structure is formed between each neighboring pair of lateral separation
trenches 89 such that a set of second backside recesses 143 is interlaced with a set of
insulator layers 32. In one embodiment, the lateral separation trenches 89 can be formed with

a periodicity p. The lateral distance between neighboring pairs of the lateral separation
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trenches 89 can be uniform. In this case, the second backside recesses 143 within a stacked
cavity structure (143, 32) between a neighboring pair of lateral separation trenches 89 can
have the same lateral extent along the first horizontal direction hdl, and can have different
lateral extents along the second horizontal direction hd?2.

[0132] Physically exposed surface portions of epitaxial channel portions 66 and the
semiconductor material layer 10 can be converted into dielectric material portions by thermal
conversion and/or plasma conversion of the semiconductor materials into dielectric materials.
For example, thermal conversion and/or plasma conversion can be employed to convert a
surface portion of each epitaxial channel portion 66 into a dielectric spacer 116, and to
convert a surface portion of the semiconductor material layer 10 underneath each backside
contact trench 79 and trenches 89 into a sacrificial dielectric portion 616. In one
embodiment, each dielectric spacer 116 can be topologically homeomorphic to a torus, i.e.,
generally ring-shaped. As used herein, an element is topologically homeomorphic to a torus
if the shape of the element can be continuously stretched without destroying a hole or
forming a new hole into the shape of a torus.

[0133] The dielectric spacers 116 include a dielectric material that includes the same
semiconductor element as the epitaxial channel portions 66 and additionally includes at least
one non-metallic element such as oxygen and/or nitrogen such that the material of the
dielectric spacers 116 is a dielectric material. In one embodiment, the dielectric spacers 116
can include a dielectric oxide, a dielectric nitride, or a dielectric oxynitride of the
semiconductor material of the epitaxial channel portions 66. Likewise, each sacrificial
dielectric portion 616 includes a dielectric material that includes the same semiconductor
element as the semiconductor material layer 10 and additionally includes at least one non-

metallic element such as oxygen and/or nitrogen such that the material of the sacrificial
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dielectric portions 616 is a dielectric material. In one embodiment, the sacrificial dielectric
portions 616 can include a dielectric oxide, a dielectric nitride, or a dielectric oxynitride of
the semiconductor material of the semiconductor material layer 10.

[0134] Referring to FIGS. 9A and 9B, a backside blocking dielectric layer (not shown)
including a dielectric material (such as aluminum oxide) can be formed in the backside
recesses (43, 143) by a conformal deposition. At least one conductive material can be
deposited in the plurality of backside recesses (43, 143), on the sidewalls of the backside
contact trench 79 and trenches 89, and over the topmost layer of the first exemplary structure.
The conductive material can be deposited by a conformal deposition method, which can be,
for example, chemical vapor deposition (CVD), atomic layer deposition (ALD), electroless
plating, electroplating, or a combination thereof. The conductive material can be an
elemental metal, an intermetallic alloy of at least two elemental metals, a conductive nitride
of at least one elemental metal, a conductive metal oxide, a conductive doped semiconductor
material, a conductive metal-semiconductor alloy such as a metal silicide, alloys thereof, and
combinations or stacks thereof. Non-limiting exemplary conductive materials that can be
deposited in the plurality of backside recesses (43, 143) include tungsten, tungsten nitride,
titanium, titanium nitride, tantalum, and tantalum nitride. In one embodiment, the conductive
material can comprise a metal such as tungsten and/or metal nitride. In one embodiment, the
conductive material for filling the plurality of backside recesses (43, 143) can be a
combination of titanium nitride and tungsten. In one embodiment, the conductive material
can be deposited by chemical vapor deposition. The second material layers 42 are replaced
with conductive material portions.

[0135] A plurality of first electrically conductive layers 46 can be formed in the plurality

of first backside recesses 43 in the memory device region. A plurality of second electrically
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conductive layers 146 can be formed in the plurality of second backside recesses 143. A
contiguous conductive material layer 46L can be formed on the sidewalls of the backside
contact trench 79 and over the topmost layer of the first exemplary structure. Thus, each
sacrificial material layer 42 can be replaced with a first electrically conductive layer 46 in the
memory device region 100 and a second electrically conductive layer 146 in the capacitor
region 400. A backside cavity 79’ is present in the portion of each backside contact trench 79
that is not filled with the contiguous conductive material layer 46L.. A lateral separation
cavity 89’ is present in the portion of each lateral separation trench 89 that is not filled with
the contiguous conductive material layer 46L.

[0136] In one embodiment, the thickness of the deposited conductive material can be
selected that the lateral separation trenches 89 and the backside contact trench 79 are not
completely filled with the contiguous conductive material layer 46L. In this case, a cavity
(79°, 89’) is present within each of the lateral separation trenches 89 and the backside contact
trench 79 after deposition of the conductive material. The contiguous conductive material
layer 46L, the first electrically conductive layers 46, and the second electrically conductive
layers 146 are formed as a single contiguous structure.

[0137] Referring to FIGS. 10A and 10B, the deposited conductive material of the
contiguous conductive material layer 46L is etched back from the sidewalls of each backside
contact trench 79, from the sidewalls of each lateral separation trench 89, and from the
dielectric material layer 73, for example, by an isotropic etch. Each remaining portion of the
deposited conductive material in the first backside recesses 43 constitutes a first electrically
conductive layer 46. Each remaining portion of the deposited conductive material in the
second backside recesses 143 constitutes a second electrically conductive layer 146. Each

electrically conductive layer (46, 146) can be a conductive line structure.

37-

Micron Ex. 1002, p. 216
Micron v. YMTC
IPR2024-00790



WO 2016/205078 PCT/US2016/036771

[0138] Each first electrically conductive layer 46 can function as a combination of a
plurality of control gate electrodes and a word line electrically connecting, i.e., electrically
shorting, the plurality of control gate electrodes. The plurality of control gate electrodes
within each first electrically conductive layer 46 can include control gate electrodes located at
the same level for the vertical memory devices including the memory stack structures 55. In
other words, each first electrically conductive layer 46 can be a word line that functions as a
common control gate electrode for the plurality of vertical memory devices.

[0139] A patterned stack comprising an alternating plurality of the first material layers
(i.e., the insulator layers 32) and second electrically conductive layers 146 is formed in the
capacitor region 400. The second electrically conductive layers 146 in the patterned stack
(32, 146) are formed at each level of the second material layers (i.e., the sacrificial material
layers 42).

[0140] Referring to FIGS. 11A — 11B, a dielectric material can be conformally deposited
within the backside contact trench 79 and the lateral separation trenches 89. The dielectric
material can include, for example, silicon oxide, silicon nitride, a dielectric metal oxide, or a
combination thereof. In one embodiment, the dielectric material can comprise silicon oxide.
[0141] In one embodiment, the lateral separation trenches 89 can be completely filled
with the dielectric material to form trench fill dielectric material portions 84, while the
backside contact trench 79 is not completely filled with the dielectric material. In other
words, a backside cavity can be present within the portions of the deposited dielectric
material within the backside contact trench 79.

[0142] An anisotropic etch can be performed to remove horizontal portions of the
deposited dielectric material from above the dielectric material layer 73. A contiguous

remaining vertical portion of the deposited dielectric material within the backside contact
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trench 79 constitutes an insulating spacer 74. The insulating spacer 74 comprises the same
dielectric material as the form trench fill dielectric material portions 84. In one embodiment,
the trench fill dielectric material portions 84 can have a same width throughout, and the
insulating spacer 74 has a lateral thickness, as measured on the sidewalls of the backside
contact trench 79, that is greater than one half of the width of the trench fill dielectric material
portions 84. A remaining annular portion of the sacrificial dielectric portions 616 can be
incorporated into a bottom portion of the insulating spacer 74.

[0143] Electrical dopants (p-type dopants or n-type dopants) can be implanted into
portions of the semiconductor material layer 10 that underlies the backside cavity within the
backside contact trench 79. In one embodiment, the conductivity type of the implanted
dopants can be the opposite of the conductivity type of the semiconductor material layer 10.
The implanted portion of the semiconductor material layer 10 can function as a source region
61 for the memory stack structures 55, and a surface portion of the semiconductor material
layer 10 between the source region 61 and the epitaxial channel portions 66 can be a
horizontal channel portion. In one embodiment, the semiconductor material layer 10 can
have a doping of a first conductivity type, and the source region 61 can have a doping of a
second conductivity type that is the opposite of the first conductivity type.

[0144] The backside cavity surrounded by an insulating spacer 74 can be filled with a
conductive material to form a backside contact via structure 76. The backside contact via
structure 76 can be electrically shorted to a portion of the substrate (10, 61), which can be the
source region 61. The backside contact via strcuture76 extends through, and is laterally
surrounded by, the insulating spacer 74.

[0145] The patterned stack comprising an alternating plurality of the first material layers

(i.e., the insulator layers 32) and second electrically conductive layers 146 in the capacitor
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region 400 is laterally contacted by dielectric material fill portions on all sides. Specifically,
the patterned stack (32, 146) is laterally contacted by a set of dielectric fill material portions
(7P, 84, 65) formed within trenches. In one embodiment, each trench laterally surrounding
an alternating stack of insulator layers 32 and the second electrically conductive layers 146
can be filled with a dielectric fill material. The trench including a dielectric pillar structure
7P and contacting a sidewall of the alternating stack (32, 146) can be filled with a first
dielectric fill material. Two lateral separation trenches 89 including the trench fill dielectric
material portions 84 and contacting a pair of sidewalls of the alternating stack (32, 146) can
be filled with a second dielectric material. The pair of sidewalls of the alternating stack (32,
146) can be substantially parallel to each other. The retro-stepped cavity including the retro-
stepped dielectric material portion 65 and contacting stepped surfaces of the alternating stack
(32, 146) includes another dielectric fill material.

[0146] Referring to FIGS. 12A — 12D, a photoresist layer (not shown) is applied over the
dielectric material layer 73, and is lithographically patterned to form openings in regions in
which formation of additional contact via structures is desired. The pattern in the photoresist
layer is transferred through the dielectric material layer 73, the insulating cap layer 71, and
the retro-stepped dielectric material portion 65 to form various vertically-extending cavities.
The anisotropic etch can be selective to the materials of the electrically conductive layers (46,
146) and the drain region 63, and optionally to additional materials within the memory stack
structures 55. A first subset of the vertically-extending cavities (not shown) can extend to
stepped surfaces (not shown) of the first electrically conductive layers 46 adjacent to the
memory device region 100. A second subset of the vertically-extending cavities
(subsequently filled with capacitor contact via structures 8C) can extend to stepped surfaces

of the second electrically conductive layers 146 in the capacitor region 400. Another subset
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of the vertically-extending cavities (subsequently filled with drain contact via structures 88)
can extend to top surfaces of the drain regions 63. The photoresist layer can be removed, for
example, by ashing.

[0147] At least one conductive material is deposited in the vertically-extending cavities to
fill each of the vertically-extending cavities. Excess portions of the at least one conductive
material can be removed from above a horizontal plane including a top surface of the
dielectric material layer 73, for example, by chemical mechanical planarization (CMP). Each
remaining portion of the at least one conductive material constitutes a contact via structure
(8C, 88), which include capacitor contact via structures 8C formed in the capacitor region
400, drain contact via structures 88 formed in the memory device region 100, and control
gate contact via structures (not shown) that are formed in a stepped surface region (not
shown) adjacent to the memory device region 100.

[0148] A plurality of contact via structures (i.e., the capacitor contact via structures 8C) is
formed on the second electrically conductive layers 146 in the capacitor region 400. An
additional plurality of contact via structures (i.e., the control gate contact via structures) is
formed on the first electrically conductive layers 46 adjacent to the memory device region
100, as will be described below with respect to FIG. 14X.

[0149] In one embodiment, the capacitor contact via structures 8C can be arranged to
facilitate pairwise connection between upper second electrically conductive layers 146 (i.e.,
second electrically conductive layers 146 located within an upper half of the alternating stack
(32, 146)) and lower second electrically conductive layers 146 (i.e., second electrically
conductive layers 146 located within a lower half of the alternating stack (32, 146)) through
line level interconnect structures to be subsequently formed over the dielectric material layer

73. For example, capacitor contact via structures 8C to be electrically shorted by overlying
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interconnect line structures (such as metal line structures) can be formed along the second
horizontal direction hd2, which is parallel to the lengthwise direction of the trench fill
dielectric material portions 84.

[0150] As shown in FIGS. 13A — 13E, a line level dielectric material layer 92 including a
dielectric material can be formed over the top surface of the dielectric material layer 73. The
dielectric material of the line level dielectric material layer 92 can be, for example, silicon
oxide, silicon nitride, organosilicate glass, or a combination thereof. Interconnect line
structures can be formed in the line level dielectric material layer 92, for example, by forming
line trenches in the line level dielectric material layer 92 and filling the line trenches with at
least one conductive material. Excess portions of the at least one conductive material can be
removed from above the top surface of the line level dielectric material layer 92, for example,
by chemical mechanical planarization.

[0151] Node-tying metal lines (821, 822, 823, 831, 832, 833), source metal line 96, and
bit lines 98 (only portions of the word lines are shown for clarity) can be formed in the line
level dielectric material layer 92. The node-tying metal lines (821, 822, 823, 831, 832, 833)
tie, i.e., electrically short, the same node of capacitor structures. The node-tying metal lines
(821, 822, 823, 831, 832, 833) can include first node-tying metal lines (821, 822, 823) that tie
the first node of a respective capacitor, and second node-tying metal lines (831, 832, 833) that
tie the second node of a respective capacitor. The source metal line 96 provides electrical
connection to the backside contact via structure 76 and the source region 61. The bit lines 98
provide electrical connection to the drain contact via structures 88 and the drain regions 63.
[0152] The second electrically conductive layers 146 constitute capacitor electrodes (e.g.,
plates) of a set of capacitors. Each capacitor plate is a conductive component of the set of

capacitors. A subset of the electrically insulating layers 32 within the capacitor region 400

42-

Micron Ex. 1002, p. 221
Micron v. YMTC
IPR2024-00790



WO 2016/205078 PCT/US2016/036771

constitutes node dielectrics of the set of capacitors. Each capacitor in the set comprises a first
node that includes an underlying second electrically conductive layer (146U1 or 146U2)
(which is one of the second electrically conductive layers 146) of a respective vertically
neighboring pair and a respective contact via structure (8CU1 or 8CU?2) that extends upward
from the underlying second electrically conductive layer (146U1 or 146U2) and through the
retro-stepped dielectric material portion 65. Each capacitor in the set further comprises a
second node that includes an overlying second electrically conductive layer (14601 or
14602) (which is one of the second electrically conductive layers 146) of the respective
vertically neighboring pair and a respective contact via structure (8CO1 or 8CO2) that
extends upward from the overlying electrically conductive layer (14601 or 14602) and
through the retro-stepped dielectric material portion 65.

[0153] In one embodiment, each capacitor within the set of capacitors can comprises two
pairs of vertically neighboring electrically conductive layers (146U1, 14601) and (146U2,
14602) such that the first node of the capacitor includes an underlying electrically conductive
layer 146U1 of a first vertically neighboring pair (146U1, 14601) and an electrically
conductive layer 146U2 of a second vertically neighboring pair (146U2, 14602); and the
second node of the capacitor includes an overlying electrically conductive layer 14601 of the
vertically neighboring pair (146U1, 14601) and another electrically conductive layer 14602
of the second vertically neighboring pair (146U2, 14602).

[0154] In case the horizontal steps (i.e., the horizontal surface portions) of the stepped
surfaces of the alternating stack (32, 146) has a uniform width, upper vertically neighboring
pairs of second electrically conductive layers 146 (located in the upper half of the alternating
stack (32, 146)) and lower vertically neighboring pairs (located in the lower half of the

alternating stack (32, 146)) of second electrically conductive layers 146 can be matches such
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that each set of an upper vertically neighboring pair of second electrically conductive layers
146 and a lower vertically neighboring pair of the second electrically conductive layers 146
has a same total overlap area between neighboring pairs of second electrically conductive
layers 146. If the insulator layers 32 have the same thickness throughout, the capacitance of
each capacitor can be the same. If the alternating stack (32, 146) in the capacitor region
includes a total of N second electrically conductive layers 146, the total number of capacitors
including an upper vertically neighboring pair of second electrically conductive layers 146
and a lower vertically neighboring pair of the second electrically conductive layers 146 can
be a positive integer that does not exceed N/4.

[0155] Alternatively, tying of the nodes of two pairs of vertically neighboring second
electrically conductive layers 146 can be omitted. In this case, each capacitor can consist of a
single vertically neighboring pair of second electrically conductive layers 146.

[0156] The first exemplary structure can include a device comprising a set of capacitors.
The set of capacitors can comprise: a stack of alternating layers (32, 146) including
electrically insulating layers 32 and electrically conductive layers 146 and located over a
substrate 10. Each electrically conductive layer 146 that is located within the stack (32, 146),
and has at least one overlying electrically conductive layer 146 which laterally extends
farther than any overlying electrically conductive layer 146. The set of capacitors includes a
dielectric material portion 65 located over the stepped surface region of the stack (32, 146).
An interface between the dielectric material portion 65 and the stack (32, 146) includes a
contiguous set of horizontal surfaces and vertical surfaces to provide the stepped surface
region. The device comprises a set of dielectric fill material portions (84, 7P) are located
within trenches that vertically extend through the stack (32, 146) of alternating layers and

laterally contacts sidewalls of the stack (32, 146) of alternating layers. The device comprises
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a plurality of capacitor contact via structures 8C in contact with respective electrically
conductive layers 146 within the stack (32, 146) of alternating layers. The electrically
conductive layers 146 constitute conductive components of a set of capacitors and a subset of
the electrically insulating layers 32 constitutes node dielectrics of the set of capacitors. Only
the electrically insulating layers 32 located between a first node and a second node of a
capacitor constitutes the node dielectrics. Each capacitor in the set comprises: a first node
that includes an underlying electrically conductive layer 146U1 (or alternatively 146U2) of a
respective vertically neighboring pair and a respective capacitor contact via structure 8CU1
(or alternatively 8CU?2) that extends upward from the underlying electrically conductive layer
146U1 and through the dielectric material portion 65; and a second node that includes an
overlying electrically conductive layer 14601 (or alternatively 14602) of the respective
vertically neighboring pair and a respective capacitor contact via structure 8CO1 (or
alternatively 8CO2) that extends upward from the overlying electrically conductive layer
14601 and through the dielectric material portion 65.

[0157] In one embodiment, each of the trenches (i.e., the lateral separation trenches 89
and optionally the trench in which the dielectric pillar structure 7P is present, or trenches
89A, 89B described below with respect to FIGS. 14A-14X) can be entirely filled with a
dielectric material of a respective dielectric fill material portion (84, and optionally 7P). In
one embodiment, all sidewall surfaces of the electrically conductive layers 146 within the
stack of alternating layers (32, 146) can be in contact with a surface selected from sidewall
surfaces of the set of dielectric fill material portions (84. and optionally 7P) and sidewall
surfaces of the dielectric material portion 65.

[0158] In one embodiment, the entire interface between an electrically conductive layer

146 within the stack (32, 146) of alternating layers and the set of dielectric fill material
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portions (84, and optionally 7P) can be a contiguous interface, and can be vertical or tapered.
In one embodiment, the contiguous interface can be substantially vertical throughout an
entirety thereof. As used herein, a surface is substantially vertical if the surface is vertical or
a taper angle of the surface with respect to a vertical direction does not exceed 3 degrees. In
one embodiment, the interface between the electrically conductive layer 146 and the set of
dielectric fill material portions (84, and optionally 7P) adjoins an interface between the
electrically conductive layer 146 and the dielectric material portion 65 (which is located
within a subset of the stepped surfaces in the stepped surface region). In one embodiment,
the combination of the interface between the electrically conductive layer 146 and the set of
dielectric fill material portions (84, and optionally 7P) and the interface between the
electrically conductive layer 146 and the dielectric material portion 65 includes all sidewall
surfaces of the electrically conductive layer 146.

[0159] In one embodiment, the set of dielectric fill material portions (84, and optionally
7P) can be a contiguous (i.e., physically adjoined) set of material portions and contact the
dielectric material portion 65. In one embodiment, the dielectric material portion 65 can be a
retro-stepped dielectric material portion in which a horizontal cross-sectional area of the
dielectric material portion 65 at a horizontal plane is not less than a horizontal cross-sectional
area of the dielectric material portion at any horizontal plane that is more proximal to the
substrate 10.

[0160] In one embodiment, each capacitor within the set of capacitors comprises two
pairs of vertically neighboring electrically conductive layers (146U1, 14601) and (146U2,
14602). The first node of the capacitor includes an underlying electrically conductive layer
146U1 of a first vertically neighboring pair (146U1, 14601) and an electrically conductive

layer (146U2 or 14602) of a second vertically neighboring pair (146U2, 14602). The second
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node of the capacitor includes an overlying electrically conductive layer 14601 of the first
vertically neighboring pair (146U1, 14601) and another electrically conductive layer (146U2
or 14602) of the second vertically neighboring pair (146U2, 14602).

[0161] In one embodiment, the underlying electrically conductive layer 146U1 of the first
vertically neighboring pair (146U1, 14601) and the electrically conductive layer {(146U2 or
14602) of the second vertically neighboring pair (146U2, 14602) are electrically shorted
through two contact via structures (for example, 8CU1 and 8CU2) and a first conductive line
structure (for example, 833). The overlying electrically conductive layer 14601 of the first
vertically neighboring pair (146U1, 14601) and the other electrically conductive layer of the
second vertically neighboring pair (146U2, 14602) are electrically shorted through two
additional contact via structures (for example, 8CO1 and 8CO2) and a second conductive line
structure (for example, 823).

[0162] In one embodiment, the set of capacitors comprise at least a first capacitor and a
second capacitor. In this case, the first capacitor can comprise a first upper pair of vertically
neighboring electrically conductive layers (e.g., 146U2 and 14602) and a first lower pair of
vertically neighboring electrically conductive layers (e.g., 146U1 and 14601). The second
capacitor can comprise a second upper pair of vertically neighboring electrically conductive
layers (located within an upper half of the alternating stack and at different levels than the
first upper pair of vertically neighboring electrically conductive layers) and a second lower
pair of vertically neighboring electrically conductive layers (located within a lower half of the
alternating stack and at different levels than the first lower pair of vertically neighboring
electrically conductive layers). In one embodiment, the second upper pair of vertically
neighboring electrically conductive layers 146 overlies the first upper pair of vertically

neighboring electrically conductive layers 146; the first upper pair of vertically neighboring
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electrically conductive layers 146 overlies the first lower pair of vertically neighboring
electrically conductive layers 146; and the first lower pair of vertically neighboring
electrically conductive layers 146 overlies the second lower pair of vertically neighboring
electrically conductive layers 146.

[0163] In one embodiment, the capacitors can be configured to provide the same
capacitance for each capacitor. Such a configuration can be obtained by forming pairs of
vertically neighboring electrically conductive layers 146, and providing parallel connection
for a pair of component capacitors. The first component capacitor is formed by a node
dielectric employing an insulator layer 32 within the lower half of the alternating stack (32,
146) and two neighboring electrically conductive layers 146. The second component
capacitor is formed by a node dielectric employing an insulator layer within the upper half of
the alternating stack (32, 146) and two neighboring electrically conductive layers 146. The
two component capacitors are connected in parallel such that the total capacitance is the same
as the target capacitance for the capacitor formed by the parallel connection of the two
component capacitors. By selecting the pairs of component capacitors for parallel
connection, multiple capacitors having the same total capacitance can be formed.

[0164] In one embodiment, the thickness of the insulator layers 32 can be the same
throughout, and the sum of an upper overlap area between the vertically neighboring
electrically conductive layers (146U2, 14602) within the first upper pair (of a first capacitor)
and a lower overlap area between the vertically neighboring electrically conductive layers
(146U1, 14602) within the first lower pair (of the first capacitor) can be substantially the
same as the sum of an upper overlap area between the vertically neighboring electrically
conductive layers within the second upper pair (of the second capacitor) and a lower overlap

area between the vertically neighboring electrically conductive layers within the second
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lower pair (of the second capacitor). In this case, the first capacitor and the second capacitor
can have the same total capacitance. In one embodiment, each capacitor within the set of
capacitors can have a substantially same total overlap area between vertically neighboring
electrically conductive layers contained therein.

[0165] In one embodiment, the device can further comprise a monolithic three-
dimensional memory device located on the substrate 10 and in the memory device region
100. The monolithic three-dimensional memory device can comprise a memory opening 49
extending through the stack (32, 46); a memory film 55 located within the memory opening
49; and a semiconductor channel (601, 602 and optionally 66) located within the memory
film 55.

[0166] In one embodiment, the set of capacitors can be a component of a peripheral
device of the monolithic three-dimensional memory device; the monolithic three-dimensional
memory device can be a vertical NAND memory device; the electrically conductive layers 46
comprise, or are electrically connected to, a respective word line of the vertical NAND
memory device; and the substrate comprises a silicon substrate. In one embodiment, the
vertical NAND memory device can comprise an array of monolithic three-dimensional
NAND strings over the silicon substrate; at least one memory cell in the first device level of
the three-dimensional array of NAND strings can be located over another memory cell in the
second device level of the three-dimensional array of NAND strings; and the silicon substrate
can contain an integrated circuit comprising a driver circuit for the memory device located
thereon. The three-dimensional array of NAND strings can comprise: a plurality of
semiconductor channels (601, 602, and optionally 66, and portions of 10), wherein at least
one end portion of each of the plurality of semiconductor channels extends substantially

perpendicular to a top surface of the silicon substrate; a plurality of charge storage elements,
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each charge storage element located adjacent to a respective one of the plurality of
semiconductor channels; and a plurality of control gate electrodes having a strip shape
extending substantially parallel to the top surface of the silicon substrate. The plurality of
control gate electrodes comprise at least a first control gate electrode located in the first
device level and a second control gate electrode located in the second device level.

[0167] FIG. 14A illustrates a schematic top down view of a device of embodiments of the
invention. As shown in FIG. 14 A, the capacitor region 400 is located in the stepped surface
region of the stack between the sense amplifiers 402 and other bit line peripheral devices 404
(e.g., devices of the driver circuit, such as charge pump circuit devices, reference voltage and
current circuit, and/pr power-on circuit, etc. ) and the memory device region 100 (also
referred to as the cell array) in direction hd2 (i.e., the bit line direction). The capacitor
region 400 is also referred to as a dummy staircase region because it includes the stepped
surface without word line contact vias (i.e., control gate interconnects). The dummy staircase
region is formed at the same time during the same etching steps as the word line stepped
surface regions 300 (labeled WLHU staircase) in which the word line contact vias (i.e.,
control gate interconnects) will be formed during a subsequent step. In other words, the
stepped surface regions are formed on plural (e.g., all) sides of the elevated memory device
region. For a rectangular memory device region 100, the word line stepped surface regions
300 are formed on two opposing sides of the memory device region 100 such that word lines
will eventually extend in the word line direction hd1 between opposing regions 300. The
word line and select gate switching transistors are located in row decoder regions 302
(labeled WL/SG SW) adjacent to regions 300 in direction hdl.

[0168] The remaining two sides of the memory device region 100 contain the dummy

staircase regions. The capacitors are formed in the dummy staircase capacitor region 400
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located adjacent to the sense amplifier region 402. Thus, the size of the sense amplifier
region 402 may be reduced by over 10%, such as about 20% by omitting the capacitors from
region 402 and instead forming the capacitors in region 400 which is an unused dummy
region in prior art devices.

[0169] The memory device region 100 contains the memory stack structures 55 and the
support pillars (e.g., dielectric pillar structures) 7P, similar to that shown in FIG. SA.
However, in the embodiment of FIG. 14 A, the support pillars 7P comprise cylindrical pillars
instead of or in addition to the elongated dielectric pillar structures 7P shown in FIG. 6B. It
should be understood that only a few of the memory stack structures 55 and the support
pillars 7P are shown for clarity. If desired, the dielectric support pillar structures 7Q (not
shown for clarity) as described and illustrated above may also be present in the device of the
embodiment of Fig. 14A.

[0170] The periphery of the device (e.g.. the periphery of the substrate, such as portion of
a semiconductor wafer or a diced chip) contains a dummy staircase track 406 and a kerf
region 501 (e.g., having half width of the original dicing region if the substrate is diced into
chips). The dummy staircase track 406 surrounds the device and contains a stepped surface
region which is a mirror image of the stepped surface region of the dummy staircases 400.
The track 406 is formed during the same patterning (e.g., etching) steps as the other stepped
regions 300 and 400 in the device.

[0171] FIGS. 14B-14D illustrate an exemplary structure according to an alternative of the
first embodiment. The structure is similar to the structure shown in FIGS. 6A-6B, except that
the support pillars 7P comprise cylindrical pillars (shown in FIG. 14A) located in region 100.
The structure of FIGS. 14B-14D contains the alternating stack (32, 42), the dielectric material

layer 73 and the retro-stepped dielectric material portion 65 described above with respect to
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FIG. 6A.

[0172] FIGS. 14E-14G illustrate the next step in the process in which the lateral
separation trenches 89A, 89B are formed in the stack (32, 42) at the same time as the
backside contact trenches 79, similar to that shown in FIGS. 7A-7D (the backside contact
trenches are not shown in FIGS 14E-14G for compactness). As shown in FIG. 14E, the
lateral separation trenches include first trenches 89A which extends in the bit line direction
hd2, similar to trenches 89 shown in FIG. 7B. However, in this embodiment, the lateral
separation trenches also include at least one second trench 89B which extend in the word line
direction hd1, similar to the pillar 7P shown in FIG. 7B. The second trench 89B connects
the end portions of the first trenches 89A near the end of the capacitor region 400 closest to
the memory device region 100 and farthest from the stepped surface in region 400.

[0173] As shown in FIGS. 14H-14J, portions of sacrificial material layers 42 are
selectively removed from the alternating stack in regions 100, 300 and 400 through the
trenches 89A, 89B and the backside contact trenches 79, similar to that shown in FIGS. 8A-
8C. However, unlike the prior embodiment shown in FIGS. 8A-8C, portions 42A of the
sacrificial material layers 42 remain in the alternating stack near the end of the capacitor
region 400 closest to the memory device region 100 and farthest from the stepped surface in
region 400. Thus, each backside recess 143 abuts a portion 42A of the sacrificial material
layers 42. These portions 42A (instead of the elongated pillar 7P in the prior embodiment)
electrically insulate region 400 from region 100.

[0174] A plurality of first electrically conductive layers 46 (e.g., word lines / control
gates which extend in the word line direction hd1) can be formed in the plurality of first
backside recesses 43 in the memory device region 100 and in region 300, as described above

with respect to FIGS. 9A-9B. As shown in FIGS. 14K-14M, a plurality of second electrically
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conductive layers 146 can be formed in the plurality of second backside recesses 143 at the
same time as layers 46. A contiguous conductive material layer 46L can be formed on the
sidewalls of the trenches 89A, 89B, the backside contact trenches 79 (as described above) and
over the topmost layer of the structure. The layer 46L partially fills the trenches 89A, 89B to
leave remaining trenches 89°.

[0175] Referring to FIGS. 14N-14P, the deposited conductive material of the contiguous
conductive material layer 46L is etched back from the sidewalls of each backside contact
trench 79, from the sidewalls of each lateral separation trenches 89°, and from the dielectric
material layer 73, similar to that described above with respect to FIGS. 10A-10B. This
leaves electrically conductive layers 146 which function as capacitor electrodes in region 400
separated from each other by trenches 89A and 89B. The electrically conductive layers 146
between trench 89B in region 400 and region 100 are separated from electrically conductive
layers 46 in region 100 by the remaining portions 42A (e.g., silicon nitride or other insulating
material layer portions) of layers 42.

[0176] Referring to FIGS. 14Q-145, the lateral separation trenches 89A, 89B can be
completely filled with the dielectric material to form trench fill dielectric material portions
84, while the backside contact trenches 79 are not completely filled with the dielectric
material, as described above with respect to FIGS. 11A-11B. The insulating spacer 74 can be
formed in the backside contact trenches and filled with a conductive material to form a
backside contact via structure 76 which extends in the word line direction hd1, as shown in
FIG. 14X and as described above with respect to FIGS. 11A-11B.

[0177] As described above with respect to FIGS. 12A-12D, first subset of the vertically-
extending cavities can extend to stepped surfaces of the first electrically conductive layers 46

in region 300 adjacent to the memory device region 100. A second subset of the vertically-
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extending cavities (subsequently filled with capacitor contact via structures 8C) can extend to
stepped surfaces of the second electrically conductive layers 146 in the capacitor region 400.
Another subset of the vertically-extending cavities (subsequently filled with drain contact via
structures 88) can extend to top surfaces of the drain regions 63.

[0178] Referring to FIGS. 14T-14X, at least one conductive material is deposited in the
vertically-extending cavities to fill each of the vertically-extending cavities with capacitor
contact via structures 8C formed in the capacitor region 400, drain contact via structures 88
formed in the memory device region 100, and control gate contact via structures 304 that are
formed in a stepped surface region 300 adjacent to the memory device region 100.

[0179] The portions 146A of the electrically conductive layers 146 that are electrically
insulated from layers 46 by the trench fill dielectric material portions 84 and which are
contacted by via structures 8C comprise capacitor electrodes. The portions 32A of the
electrically insulating layers 32 in region 400 located between the capacitor electrodes 146A
comprise capacitor dielectrics.

[0180] As shown in FIGS. 14U and 14W, a resulting capacitor 410 includes adjacent
electrode plates 146A separated by an insulating layer 32A, and respective electrical contacts
(e.g., capacitor contact via structures 8C) to the electrode plates 146A.

[0181] Thus, as shown in FIG. 14X, in the first embodiment and in the alternative
embodiment described above, a three dimensional memory device (e.g., such as the NAND
device) includes the memory device region 100 containing a plurality of non-volatile memory
devices (e.g., the NAND strings), a peripheral device region 402/404 containing active driver
circuit devices (e.g., transistors), and first stepped surface region 400 located between the
peripheral device region 402/404 and the memory device region 100, and containing a

plurality of passive driver circuit devices, such as capacitors 410 or resistors as will be
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described with respect to additional embodiments below. In should be noted that the
peripheral device region 402/404, the dummy staircase track 406 and the kerf region 501 may
also contain additional passive devices (e.g., capacitors or resistors) or it may contain no
passive devices. Thus, the capacitors 410 may be located in dummy staircase track 406 if
desired. Likewise, region 400 may also contain additional active devices (e.g., transistors) or
it may contain no active devices.

[0182] As described above, the stack of alternating layers including electrically insulating
layers 32 and electrically conductive layers (46, 146) located over the substrate 10. The first
stepped surface region 400 contains first portions of the electrically insulating layers 32 and
first portions of the electrically conductive layers 146, and the first stepped region 400 is
located on a first side of the stack facing the peripheral region. The second stepped surface
region 300 contains second portions of the electrically insulating layers 32 and second
portions of the electrically conductive layers 46 located on a second side of the stack (e.g. at a
side perpendicular to the first side).

[0183] As described above, a plurality of semiconductor channels 60 are located in the
memory device region 100 in the stack, such that at least one end portion of each of the
plurality of semiconductor channels extends substantially perpendicular to a top surface of
the substrate 10. A plurality of charge storage elements (i.e., portions of the memory films
50) are located adjacent to a respective one of the plurality of semiconductor channels 60. A
plurality of passive device contact via structures (e.g., capacitor via structures 8C) extend
extending substantially perpendicular to the top surface 7 of the substrate 10 to the respective
first portions of the electrically conductive layers 146 in the first stepped surface region 400.
A plurality of control gate contact via structures 304 extend substantially perpendicular to the

top surface 7 of the substrate 10 to the respective second portions of the electrically
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conductive layers 46 in the second stepped surface region 300.

[0184] The peripheral device region contains sense amplifiers in region 402. The second
stepped surface region 300 comprises a word line stepped surface region 300. The second
portions of the electrically conductive layers 46 comprise a plurality of control gate
electrodes extending substantially parallel to the top surface of the substrate, and the plurality
of control gate electrodes comprise at least a first control gate electrode located in the first
device level and a second control gate electrode located in the second device level.

[0185] In the above embodiments, the passive driver circuit devices comprise capacitors
410, and the first portions 146A of the electrically conductive layers 146 comprise a plurality
of capacitor electrodes. The first portions of the electrically insulating layers 32 in region
400 comprise capacitor dielectrics located between the capacitor electrodes 146A. The
respective first 146A and second 46 portions of each of the electrically conductive layer are
located at the same level above the substrate and are electrically insulated from each other
(e.g., by material 84 and/or optionally by pillar 7P).

[0186] As shown in FIG. 14Y, N/2 capacitors 410 may be formed from N layers 146 in
the stack, where N is any integer greater than 1. However, as described above with respect to
FIGS. 13A-13D, layers 146 at the top of the stack are shorter than layers 146 at the bottom of
the stack. This causes the capacitors to be of unequal size.

[0187] FIG. 14Z illustrates a capacitor interconnection configuration similar to that of
FIGS. 13A-13D, where the longest layer 146 is electrically connected by interconnect (e.g.,
metal line) 833 to the second shortest layer 146 in the stack to form one capacitor electrode.
The next longest layer 146 in the stack is electrically connected by interconnect (e.g., metal
line 823) to the shortest layer 146 in the stack to form another capacitor electrode. The

remaining layers 146 in the stack may be connected in a similar way. This resultsin a
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capacitor 410A having two overlying layers 146 of different length connected to each other to
form an overlying electrode and two underlying layers 146 of different length connected to
each other to form an underlying electrode, where the average electrode length of all
capacitors in the stack is about the same. This results in N/4 capacitors in a stack containing
N layers 146.

[0188] In a second exemplary structure according to a second embodiment of the present
disclosure the passive device of the driver circuit comprises a pillar shaped resistor.

Referring to FIG. 15A, a substrate includes a semiconductor material layer 10 having a major
surface 7. A doped semiconductor well 110 can be formed in a device region, which is
herein referred to as a resistor region 500. The resistor region 500 may be located in a
portion of the memory device region 100, as shown in FIG. 37. A memory device region 100
and a capacitor region 400 can be provided for formation of the devices illustrated in the first
embodiment. The semiconductor material layer 10 can have a doping of a first conductivity
type (which can be p-type or n-type), and the doped semiconductor well 110 can have a
doping of a second conductivity type which is the opposite of the first conductivity type. In
one embodiment, the concentration of electrical dopants (which can be p-type dopants or n-
type dopants) in the doped semiconductor well 110 can be in a range from 1.0 x 10"7/em’ to
2.0 x 10*"/cm?, although lesser and greater dopant concentrations can also be employed. In
one embodiment, the doped semiconductor well 110 can include a conductive (e.g.,
degenerately doped semiconductor or metallic) material rather than a semiconductor material,
i.e., a material having electrical conductivity greater than 1.0 x 10° S/cm. The doped
semiconductor well 110 is a laterally-extending semiconductor or conductive structure, and
can consist of at least one single crystalline semiconductor material portion having a doping

of the second conductivity type (e.g., n-type well) and located in the substrate 10 (e.g.. p-type
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substrate or substrate well). Optionally, a doped contact region 112 can be formed, which has
a doping of the same conductivity type (e.g., n-type) as the doped semiconductor well 110
and has a greater dopant concentration than the doped semiconductor well 110 (e.g., N+
well). Optionally, shallow trench isolation structures 120 including at least one dielectric
material can be formed at a periphery of the doped semiconductor well 110 for device
isolation.

[0189] Referring to FIG. 15B, the processing steps of FIG. 1 are performed to form a
stack (32, 42) of alternating layers including the first material layers 32 and the second
material layers 42.

[0190] Referring to FIG. 16, memory openings 49 are formed in the memory device
region 100 and at least one resistor opening 249 can be formed in the resistor region 500.
The memory openings 49 and the at least one resistor opening 249 can be formed
simultaneously employing the same processing steps employed to form the memory openings
of the first embodiment. The size of each resistor opening 249 may be the same as, or may
be different from, the size of the memory openings 49. If a plurality of resistor openings 249
is formed, the resistor openings 249 can have the same size, or can have different size. The
size of the resistor openings 249 can be adjusted depending on the target resistance of a
resistor to be subsequently formed. In one embodiment, the resistance of a resistor to be
formed in a resistor opening 249 is generally inversely proportional to the diameter (or a
lateral dimension if a non-circular cross-sectional shape is employed) of the resistor opening
249. The bottom of each resistor opening 249 can extend to a top surface of the doped
semiconductor well 110.

[0191] Each resistor opening 249 is a vertically-extending cavity that extends from a first

horizontal plane including a top surface of the alternating stack (32, 42) to the laterally-
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extending semiconductor or conductive structure of the combination of the doped
semiconductor well 110 and the doped contact region 112. A physically exposed portion of
the top surface of the laterally-extending semiconductor or conductive structure (i.e., the
doped semiconductor well 110) is present within a second horizontal plane located
underneath, and vertically spaced by a plurality of layers within the alternating stack (32, 42)
from, the top surface of the alternating stack (32, 42). The second horizontal plane is the
plane including the bottom surface of each resistor opening 249, which is the recessed, or
non-recessed, top surface of the doped semiconductor well 110.

[0192] Referring to FIG. 17, the processing steps of FIG. 2 of the first embodiment can
be performed to form memory stack structures 55 and at least one pillar structure 155
simultaneously. The memory stack structures 55 are formed in the memory openings 49 in
the memory device region 100, and a pillar structure 155 is formed in each resistor opening
249 in the resistor region 500. Each pillar structure 155 can have the same set of components
as a memory stack structure 55 and which are formed during the same formation (e.g.,
deposition) steps. Each component within a pillar structure 155 can have the same
composition as the corresponding component (having the same reference numeral) within a
memory stack structure 155. Each component within a pillar structure 155 can have the same
height as the corresponding component within a memory stack structure 155. Except for an
epitaxial channel portion 66 and a dielectric core 62, each component within a pillar structure
155 can have the same lateral dimension (such as a lateral thickness) as the corresponding
component within a memory stack structure 155. If a horizontal cross-sectional shape of a
pillar structure 155 is different from a horizontal cross-sectional shape of a memory stack
structure 55 taken at a same vertical distance from the top surface of the substrate (10, 110,

112, 12), the epitaxial channel portion 155 and the dielectric core 62 within the pillar
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structure 155 can have different dimensions than the corresponding dimensions of a memory
stack structure 55. If a horizontal cross-sectional shape of a pillar structure 155 is the same a
horizontal cross-sectional shape of a memory stack structure 55 taken at a same vertical
distance from the top surface of the substrate (10, 110, 112, 12), the epitaxial channel portion
66 and the dielectric core 62 within the pillar structure 155 can have the same dimensions as
the epitaxial channel portion 66 and the dielectric core 62 within the memory stack structure
55.

[0193] A pillar structure 155 is formed within each resistor opening 249. A
semiconductor channel (601, 602) is formed on each optional epitaxial channel portion 66,
which is a single crystalline semiconductor material portion and is intrinsic or has a doping of
the first conductivity type. The single crystalline semiconductor material portion in the
resistor opening 249 (as embodied as an epitaxial channel portion 66 in the resistor opening
249) is formed simultaneously with formation of the epitaxial channel portions 66 in the
memory openings 49. The first conductivity type is the conductivity type of the
semiconductor material layer 10, and is the opposite of the conductivity type of the doped
semiconductor well 110 (which has a doping of the second conductivity type). The memory
films 50 in the memory stack structures 55 and the at least one pillar structure 155 can be a
layer stack of dielectric material layers as described above, i.e., a stack of a blocking
dielectric layer, a memory material layer, and a tunneling dielectric layer.

[0194] Each semiconductor channel (610, 602) in the memory openings 49 and the at
least one resistor opening 249 can be formed by deposition of an intrinsic semiconductor
material or a semiconductor material of the first conductivity type. The semiconductor
channels (601, 602) can include a polycrystalline semiconductor material or an amorphous

semiconductor material. A vertically-extending semiconductor material portion in each
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resistor opening 249 (as embodied in a semiconductor channel (601, 602) in the resistor
opening 249) is formed simultaneously with formation of the semiconductor channels (601,
602) in the memory openings 49.

[0195] Each drain region 63 formed in the at least one resistor opening 249 is a doped
semiconductor material portion, and is formed with a doping of the second conductivity type.
The drain regions 63 of the memory stack structures 55 and each drain region 63 of the pillar
structure 155 can be formed simultaneously.

[0196] Referring to FIG. 18, a photoresist layer 67 is applied over the second exemplary
structure, and is lithographically patterned to form openings in the resistor region 500.
Specifically, an opening in the photoresist layer 67 is formed in an area including the at least
one pillar structure 155 by patterning the photoresist layer 67. In one embodiment, the
thickness of the photoresist layer 67 can be selected such that electrical dopants to be
subsequently implanted into the at least one pillar structure 155 can be implanted to the
bottommost portion of the at least one pillar structure 155, while the electrical dopants are not
implanted into any portion of the memory stack structures 55 in the memory device region
100. In one embodiment, the thickness of the photoresist layer 67 can be greater than the
thickness of the alternating stack (32, 42).

[0197] Electrical dopants of the second conductivity type (e.g., n-type) can be implanted
into the vertically-extending semiconductor material portion (embodied as a semiconductor
channel (601, 602)) in each pillar structure 155, while implantation of the electrical dopants
of the second conductivity type into the semiconductor channels (601, 602) of the memory
stack structures 55 is prevented by the presence of the patterned photoresist layer 67. All
semiconductor material portions in the pillar structure 155 can be doped with the implanted

dopants of the second conductivity type. The dose of the implanted dopants of the second
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conductivity type is selected such that all semiconductor material portions are doped in the
pillar structure 155.

[0198] The implantation of the electrical dopants of the second conductivity type
converts each epitaxial semiconductor channel 66 (which is intrinsic or has a doping of the
first conductivity type as formed) in the at least one pillar structure 155 into a epitaxial doped
semiconductor portion 166 having a doping of the second conductivity type. Further, the
implantation of the electrical dopants of the second conductivity type converts each
semiconductor channel (601, 601) in the at least one resistor opening 249 into a vertically-
extending doped semiconductor portion, which is herein referred to as a first doped
semiconductor portion 160. Each epitaxial doped semiconductor portion 166 and each first
doped semiconductor portion 160 are doped semiconductor material portions, and are formed
by ion implantation of electrical dopants of the second conductivity type such that an atomic
concentration of the dopants of the second conductivity type in a range from 1.0 x 10 7 fem?
to 1.0 x 10 */cm? therein. In one embodiment, all semiconductor material within each pillar
structure 155 can have a doping of a same conductivity type, which is the second
conductivity type.

[0199] An epitaxial doped semiconductor portion 166 is located at a bottom portion of
each vertically-extending cavity (i.e., a resistor opening 249), and comprises the same
semiconductor material as the epitaxial channel portions 66 of the memory stack structures
55. In one embodiment, each first doped semiconductor portion 160 can comprise a doped
polycrystalline semiconductor material portion that is formed directly on inner surfaces of at
least one electrically insulating material (i.e., the dielectric material of the memory film 50)
within a respective resistor opening 249. Each drain region 63 within the at least one pillar

structure 155 is herein referred to as a second doped semiconductor portion 163.
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[01100] Referring to FIG. 19, the patterned photoresist layer 67 can be removed, for
example, by ashing. A dielectric cap layer 71 can be formed employing the same method as
in the first embodiment (as illustrated in FIG. 2).

[0200] Referring to FIG. 20, the processing steps of FIGS. 3, 4, 5A and 5B, 6A and 6B,
and 7A — 7C can be performed. Concurrently with formation of the backside contact trench
79 and optional formation of the lateral separation trenches 89 (See FIGS. 7B and 7C), a
resistor contact trench 279 can be formed in an area overlying the doped contact region 112.
The lateral separation trenches 89 may be omitted if the capacitor structures of the first
embodiment are not to be formed.

[0201] The processing steps of FIGS. 8A — 8C, 9A and 9B, and 10A and 10B can be
subsequently performed to form first electrically conductive layers 46 in the memory device
region 100, second electrically conductive layers 146 in the capacitor region 400, and third
electrically conductive layers 246 in the resistor region 500. During the processing steps of
FIGS. 8A — 8C, portions of the sacrificial material layers 42 in the resistor region 500 can be
removed by introduction of the etchant through the resistor contact trench 279 to form third
backside recesses in each space from which the sacrificial material layers 42 are removed
from the resistor region 500. The third electrically conductive layers 246 are formed in the
third backside recesses by deposition of the same material as the first and second electrically
conductive layers (46, 146) in the same processing step. The contiguous conductive material
layer 46L can be deposited on the sidewalls of the resistor contact trench 279, and is
subsequently removed from the sidewalls of the resistor contact trench 279 during the
processing steps of FIGS. 10A and 10B.

[0202] Referring to FIG. 21, the processing steps of FIGS. 11A and 11B can be

performed to form an insulating spacer 274 in each resistor contact trench 279 concurrently
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with formation of the insulating spacer 74 in the backside contact trench 79. The insulating
spacer 274 in the resistor region 500 can have the same composition as, and the same lateral
thickness as, the insulating spacer 74 in the memory device region 100. A substrate contact
via structure 276 can be formed in the cavity extending through the insulating spacer 274 in
the resistor region 500. The substrate contact via structure 276 in the resistor region 500 can
be formed concurrently with formation of the backside contact via structure 76 in the memory
device region 100. The substrate contact via structure 276 is a contact via structure that
contacts a top surface of a laterally-extending semiconductor or conductive structure (which
is a combination of the doped semiconductor well 110 and the doped contact region 112). In
one embodiment, the backside contact via structure 76 and the substrate contact via structure
276 can be formed by deposition of a metallic material.

[0203] Referring to FIG. 22, the processing steps of FIGS. 12A — 12D can be sequentially
performed to form various contact via structures (8C, 88), which can include the capacitor
contact via structures 8C, the control gate contact via structures 304, and the drain contact via
structures 88. A pillar contact via structure 850 can be formed on a top surface of each pillar
structure 155 concurrently with formation of other via contact structures such as the drain
contact via structures 88. In one embodiment, as many pillar contact via structures 850 can
be formed as the number of pillar structures 155. The pillar structures 850 can be formed in
the same processing step as, and can have the same composition as, the drain contact vial
structures 88. Optionally, the pillar contact via structures 850, the capacitor contact via
structures 8C, the control gate contact via structures 304, and the drain contact via structures
88 can be formed employing a same set of processing steps, and can comprise a same set of

conductive materials.
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[0204] Subsequently, the processing steps of FIGS. 13A — 13E can be performed to form
a line level dielectric material layer 92 and various interconnect line structures therein. The
interconnect line structures formed in the line level dielectric material layer 92 can include,
for example, node-tying metal lines (821, 822, 823, 831, 832, 833), source metal line 96, and
bit lines 98 as illustrated in FIGS. 13A — 13E, and additionally include a first resistor node
metal line 851 contacting the pillar contact structures 850 and a second resistor node metal
liner 852 contacting the substrate contact via structure 276.

[0205] The second exemplary structure can comprise a semiconductor device. The
semiconductor device can comprise an alternating stack (32, 246) of first material layers 32
and second material layers 246 located over a substrate (10, 110, 112, 120). The
semiconductor device can further comprise at least one pillar structure 155 extending from a
first horizontal plane including a top surface of the alternating stack (32, 246) to a second
horizontal plane located underneath, and vertically spaced by a plurality of layers (such as the
first material layers 32 and the second material layers 246) within the alternating stack (32,
246) from, the top surface of the alternating stack (32, 246). The semiconductor device
further comprises a laterally-extending semiconductor or conductive structure (110, 112)
contacting a bottom surface of the at least one pillar structure 155; and a contact via structure
276 contacting a top surface of the laterally-extending semiconductor or conductive structure
(110, 112) and laterally spaced from the at least one pillar structure 155. Each of the at least
one pillar structure 155 comprises a set of at least one doped semiconductor material portion
(160, 166, 63) therein. All semiconductor material within each of the at least one pillar
structure 155 has a doping of a same conductivity type, which can be the second conductivity
type. The contact via structure (as embodied in the substrate contact via structure 276) can

comprise a metallic via structure.
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[0206] In one embodiment, the at least one doped semiconductor material portion (160,
166, 63) comprises a doped polycrystalline semiconductor material portion 160 contacting
inner surfaces of at least one electrically insulating material, which can be a memory film 50.
[0207] The semiconductor device can further include a memory opening extending
between the first horizontal plane and another horizontal plane including a bottom surface of
the alternating stack (32, 46), and a memory stack structure 55 that comprises a memory film
50 located within the memory opening, and a semiconductor channel (601, 602) located
within the memory film 50. Each of the at least one pillar structure 155 comprises a layer
stack of at least two dielectric material layers (i.e., a memory film 50) located on an outer
sidewall of a respective set of at least one doped semiconductor material portion (160, 166,
63). The memory film 50 in a memory stack structure 55 and the layer stack 50 of at least
two dielectric material layers in the pillar structure 155 comprise an identical set of dielectric
materials.

[0208] A first doped semiconductor material portion (as embodied in a doped
polycrystalline semiconductor material portion 160) within each set of at least one doped
semiconductor material portion (160, 166, 63) comprises the same semiconductor material as
the semiconductor channel (601, 602), and further includes electrical dopants of the second
conductivity type.

[0209] In one embodiment, the semiconductor channel (601, 602) can be intrinsic, or can
have a doping of an opposite conductivity type from the set of at least one doped
semiconductor material portion (160, 166, 63), which has a doping of the second conductivity
type.

[0210] In one embodiment, the memory stack structure 55 further comprises a drain

region 63 having a doping of the second conductivity type. A second doped semiconductor
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material portion, as embodied as a drain region 63, can be present within each set of at least
one doped semiconductor material portion (160, 166, 63). The second doped semiconductor
material portion 63 in each pillar structure 155 can comprise the same semiconductor
material as the drain region 63 in the memory stack structure 55.

[0211] In one embodiment, the memory stack structure 55 further comprises an epitaxial
channel portion 66 having a doping of the first conductivity type. and an epitaxial doped
semiconductor portion 166 can be present within each set of at least one doped
semiconductor material portion (160, 166, 63). The epitaxial doped semiconductor portion
166 comprises the same semiconductor material as the epitaxial channel portion 66, and
further includes electrical dopants of the second conductivity type.

[0212] In one embodiment, the laterally-extending semiconductor or conductive structure
(110, 112) consists of at least one single crystalline semiconductor material portion located in
the substrate. In one embodiment, the laterally-extending semiconductor or conductive
structure (110, 112) can consist of the doped semiconductor well 110 and the doped contact
region 112, which have a doping of the second conductivity type.

[0213] In one embodiment, the first material layers 32 can be electrically insulating
layers 32, and the second material layers (246, 46) can be electrically conductive layers. In
one embodiment, the first material layers 32 comprise a first electrically insulating material,
the second material layers (246, 46) comprise a second electrically insulating material, and
the memory stack structure 55 extends through another alternating stack (32, 46) of the first
material layers 32 and electrically conductive layers 46 located at each level of the second
material layers (246, 46). In one embodiment, the set of at least one doped semiconductor
material portion (160, 166, 163) comprises electrical dopants of the second conductivity type

at an atomic concentration in a range from 1.0 x 10 7 fem?® to 1.0 x 10 */em’.
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[0214] In one embodiment, the semiconductor structure can further include the vertical
NAND memory device of the first embodiment.

[0215] Referring to FIG. 23, an alternate embodiment of the second exemplary structure
can be derived from the second exemplary structure by forming a pillar contact via structure
850 that contacts a plurality of pillar structures 155 at the processing steps of FIG. 22.

[0216] In a third exemplary structure according to a third embodiment of the present
disclosure the original insulating layers 42 are retained in the stack and are not replaced by
the electrically conducting layers 246. Referring to FIG. 24, this structure can be derived
from the second exemplary structure of FIG. 19 by performing the processing steps of FIGS.
3,4, 5A and 5B, and by forming the dielectric pillar structure(s) 7P and the dielectric material
layer 73 employing the processing methods of FIGS. 6A and 6B. If desired, the dielectric
support pillar structures 7Q (not shown for clarity) as described and illustrated above may
also be present in the device of this embodiment. At least one pillar structure 155 can be
formed in a resistor region 600, which can be a region that replaces the resistor region 500 of
the second embodiment, or can be provided in addition to the resistor region 500 of the
second embodiment. Regions 500 or 600 may be located in part of the memory device region
100 and/or in the kerf region 501, as shown in FIG. 37.

[0217] Subsequently, the processing steps of FIGS. 7A — 7D, 8A — 8C, 9A and 9B, 10A
and 10B, and 11A and 11B are performed without forming the resistor contact trench 279 in
the resistor region 600. If another resistor region 500 of the second embodiment is provided,
a resistor contact trench 279 can be formed in such a resistor contact region 500.

[0218] In the third embodiment, first portions of second material layers 42 in the memory
device region 100, an optional capacitor region 400, and an optional additional resistor region

500 are replaced with electrically conductive layers (46, 146, 246), while second portions of
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the second material layers 42 in the resistor region 600 remain intact. In this case, the second
material layers 42 comprise a dielectric material, and are not removed within a region (i.e.,
the resistor region 600) including at least one vertically-extending cavity that is filled with a
pillar structure 155.

[0219] Referring FIG. 25, at least one pillar contact via structure 850, drain contact via
structures 88, and capacitor contact via structures 8C can be formed in the same manner as in
the processing steps of FIG. 22.

[0220] Referring to FIG. 26, a resistor contact trench 279 can be formed through the
alternating stack of first material layers 32 and second material layers 42 over the area of the
doped contact region 112, for example, by application of a photoresist layer, lithographic
patterning of the photoresist layer, and transfer of the pattern in the photoresist layer through
the alternating stack (32, 42) by an anisotropic etch. In this case, the resistor contact trench
279 can be formed after formation of the backside contact trench 79 employed to replace
portions of the second material layers 42 in the memory device region 100 and the capacitor
region 400 with a conductive material. In one embodiment, the first material layers 32 can
include a first insulating material (such as silicon oxide) and the second material layers 42
can include a second insulating material (such as silicon nitride).

[0221] Referring to FIG. 27, a substrate contact via structure 276 can be formed by filling
the resistor contact trench 279 with at least one conductive material. An insulating spacer is
not necessary in the resistor contact trench 279. Thus, the substrate contact via structure 276
can contact sidewalls of the first material layer 32 and the second material layer 42 in the
resistor region 600. The at least one pillar contact via structure 850 can be a first resistor
node via structure, and the substrate contact via structure 276 can be a second resistor node

via structure.
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[0222] In a fourth exemplary structure according to a fourth embodiment of the present
disclosure, the resistors are formed in one or more of the stepped regions 700, which may be
located in the word line stepped surface region(s) 300, the dummy staircase region(s) 400,
and/or in the dummy staircase track 406, as shown in FIG. 37. Referring to FIG. 28, this
structure can be derived from the first exemplary structure of FIGS. 6 A and 6B, or the second
exemplary structure of FIG. 19 by forming the optional dielectric pillar structure 7P and the
dielectric support pillar structures 7Q and the dielectric material layer 73. The capacitor
region 400 of the first embodiment may, or may not, be present in the fourth exemplary
structure. The resistor region 500 of the second embodiment may, or may not, be present in
the fourth exemplary structure. The resistor region 600 of the third embodiment may, or may
not, be present in the fourth exemplary structure. A resistor region 700 is provided adjacent
to a memory device region 100 (e.g., in stepped regions 300, 400 and/or 406). The optional
dielectric pillar structure 7P can be formed at, or in proximity to, a boundary between the
memory device region 100 and the resistor region 700 in a pattern same as, or similar to, the
pattern of the dielectric pillar structure 7P of the first embodiment.

[0223] Referring to FIGS. 29A — 29D, the processing steps of FIGS. 7A — 7D are
performed to form a backside contact trench 79 in the memory device region 100 and
optional lateral separation trenches 89 in the resistor region 700.

[0224] Referring to FIGS. 30A and 30B, the processing steps of FIGS. 8A — 8C and the
processing steps of FIGS. 9A and 9B are performed to form an alternating stack (32, 346) of
first material layers that are electrically insulating layers 32 and second material layers that
are electrically conductive layers 346, which are herein referred to as fourth electrically

conductive layers 346.
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[0225] Referring to FIGS. 31A and 31B, the processing steps of FIGS. 10A and 10B are
performed to remove any remaining metallic material from inside the backside contact trench
79.

[0226] Referring to FIGS. 32A and 32B, the processing steps of FIGS. 11A and 11B are
performed to form an insulating spacer 74 and a backside contact via structure 76.

[0227] Referring to FIGS. 33A — 33D, the processing steps of FIGS. 12A — 12D are
performed with a different lithographic pattern for forming contact via structures, which are
herein referred to as resistor contact via structures 8R. A photoresist layer is applied over the
dielectric material layer 73, and is lithographically patterned to form openings that overlie
stepped horizontal surfaces of the fourth electrically conductive layers 346. A first set of
vertically-extending via cavities is formed through the optional dielectric material layer 73
and the retro-stepped dielectric material layer 65. The lithographic pattern formed in the
photoresist layer can be selected such that each horizontal stepped surface of the fourth
electrically conducive layers 346 is physically exposed at the bottom of the first set of
vertically-extending via cavities in the resistor region 700. The photoresist layer is removed,
for example, by ashing. The first set of vertically-extending via cavities can be filled in the
same manner as in the processing steps of FIGS. 12A — 12D of the first embodiment to form
the resistor contact via structures 8R. Each fourth electrically conductive layer 346 is a
laterally-extending semiconductor or conductive structure that contacts a respective resistor
contact via structure 8R.

[0228] Referring to FIGS. 34A — 34D, another photoresist layer is applied over the
dielectric material layer 73, and is lithographically patterned to form openings that overlie the
stepped horizontal surfaces of the fourth electrically conductive layers 346 and do not overlap

with the resistor contact via structures 8R. A second set of vertically-extending via cavities
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7C is formed through the optional dielectric material layer 73 and the retro-stepped dielectric
material layer 65. The lithographic pattern formed in the photoresist layer can be selected
such that each horizontal stepped surface of the fourth electrically conducive layers 346 is
physically exposed at the bottom of the second set of vertically-extending via cavities in the
resistor region 700 without etching, or physically exposing any surface of, the resistor contact
via structures 8R. The photoresist layer is removed, for example, by ashing.

[0229] Referring to FIGS. 35A — 35D, the second set of vertically-extending via cavities
7C can be filled with a suitable material that can provide a target level of resistivity. In one
embodiment, the second set of vertically-extending via cavities can be filled with doped
semiconductor material. The doped semiconductor material can be deposited in the second
set of vertically extending via cavities by deposition of a semiconductor material with in-situ
doping, or can be deposited as an intrinsic semiconductor material or a doped semiconductor
material and implanted with electrical dopants employing an implantation mask layer (such
as a photoresist layer). Excess portions of the doped semiconductor material above the top
surface of the dielectric material layer 73 can be removed, for example, by chemical
mechanical planarization.

[0230] Each remaining portion of the doped semiconductor material in a vertically-
extending via cavity of the second constitutes a pillar structure 7R. Each pillar structure 7R
can include a doped semiconductor material having a doping of at a preselected dopant level.
In one embodiment, the pillar structures 7R can have a same horizontal cross-sectional area,
and the resistance of each pillar structure 7R can be inversely proportional to the height of the
pillar structure 346. Each fourth electrically conductive layer 346 is a laterally-extending
semiconductor or conductive structure that contacts a respective resistor contact via structure

8R and a respective pillar structure 7R. In one embodiment, each of the pillar structure 7R
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can consist of a respective doped semiconductor material portion that is deposited within a
respective vertically-extending cavity formed on the laterally-extending semiconductor or
conductive structure (which is embodied as a fourth electrically conductive layer 346).
[0231] In one embodiment, a pillar structure 7R is formed within each vertically-
extending cavity in the second set of vertically extending cavities, and each pillar structure 7P
can comprises a doped semiconductor material portion. All semiconductor material within
each pillar structure 7R can have a doping of the same conductivity type, which can be the
first conductivity type or the second conductivity type.

[0232] Referring to FIGS. 36A — 36D and 37, a line level dielectric material layer 92
including a dielectric material can be formed over the top surface of the dielectric material
layer 73 in the same manner as in the first embodiment. Interconnect line structures can be
formed in the line level dielectric material layer 92, for example, by forming line trenches in
the line level dielectric material layer 92 and filling the line trenches with at least one
conductive material. Excess portions of the at least one conductive material can be removed
from above the top surface of the line level dielectric material layer 92, for example, by
chemical mechanical planarization.

[0233] First electrode metal lines 841, second electrode metal lines 842, source metal line
96, and bit lines 98, and optionally, additional metal line structures of the first, second, and
third embodiments can be formed in the line level dielectric material layer 92. Each first
electrode metal line 841 can contact a top surface of a pillar structure 7R, and each second
electrode metal line 842 can contact a top surface of a resistor contact via structure 8R. The
node-tying metal lines (821, 822, 823, 831, 832, 833) can include first node-tying metal lines
(821, 822, 823) that tie the first node of a respective capacitor, and second node-tying metal

lines (831, 832, 833) that tie the second node of a respective capacitor. The source metal line
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98 provides electrical connection to the backside contact via structure 76 and the source
region 61. The bit lines 98 provide electrical connection to the drain contact via structures 88
and the drain regions 63.

[0234] While the present disclosure is described employing an embodiment in which a
single pillar structure 7R is formed per fourth electrically conductive layer 346, embodiments
are contemplated herein in which multiple pillar structures 7R are formed per fourth
exemplary conductive structure 346 at one or more levels.

[0235] Each physically adjoined set of a pillar structure 7R, a laterally-extending
semiconductor or conductive structure as embodied as a portion of a fourth electrically
conductive layer 346, and contact via structure 8R collectively constitute a resistor structure
(7R, 346, 8R). A plurality of resistor structures can be simultaneously formed.

[0236] The fourth exemplary structure comprises a semiconductor device, which
comprises an alternating stack (32, 346) of first material layers 32 and second material layers
346 located over a substrate (10, 61), at least one pillar structure 7P extending from a first
horizontal plane including a top surface of the alternating stack (32, 346) to a second
horizontal plane located underneath, and vertically spaced by a plurality of layers within the
alternating stack (32, 346) from, the top surface of the alternating stack. For each pillar
structure 7P, the second horizontal plane can be the plane that includes the top surface of a
fourth electrically conductive layer 346 that contacts the pillar structure 7R. The plurality of
layers that separates the first horizontal plane and the second horizontal plane can be the set
of first and second material layers (32, 346) located between the first horizontal plane and the
second horizontal plane. The first horizontal plane is common for all pillar structures 7P, and
the second horizontal plane depends on the location of the bottommost portion of the pillar

structure 7R.
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[0237] A laterally-extending semiconductor or conductive structure, as embodied by a
fourth electrically conductive layer 346, contacts a bottom surface of the at least one pillar
structure 7P. A contact via structure 8R contacts a top surface of the laterally-extending
semiconductor or conductive structure, as embodied by the fourth electrically conductive
layer 346, and is laterally spaced from the at least one pillar structure 7P. Each of the at least
one pillar structure 7P comprises a set of at least one doped semiconductor material portion
therein (which can be a single doped semiconductor material portion). All semiconductor
material within each of the at least one pillar structure has a doping of the same conductivity
type, which can be the first conductivity type or the second conductivity type.

[0238] A plurality of resistor structures can be provided. Each resistor structure
comprises at least one pillar structure 7R extending from the first horizontal plane to a
respective electrically conductive layer 346 located at different levels. A fourth electrically
conductive layer 346 can contact a bottom surface of each pillar structure 7R. A resistor
contact via structure 8R can contact a top surface of each fourth electrically conductive layer
346. In one embodiment, each resistor contact via structure S8R can comprise a metallic via
structure.

[0239] The doped semiconductor material portion of each pillar structure 7R can
comprise a doped polycrystalline semiconductor material portion contacting inner surfaces of
at least one electrically insulating material, which can be the insulating material of the retro-
stepped dielectric material portion. In one embodiment, the first material layers 32 comprise
electrically insulating layers, the second material layers 346 comprise electrically conductive
layers, the laterally-extending semiconductor or conductive structure 346 comprises one of
the electrically conductive layers. In one embodiment, each of the at least one pillar structure

7P can consist of a respective doped semiconductor material portion.
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[0240] The alternating stack (32, 346) of the insulator layers 32 and the fourth electrically
conductive layers 346 can comprise a stepped surface region in which each fourth electrically
conductive layer 346 having at least one overlying fourth electrically conductive layer 346
laterally extends farther than any overlying fourth electrically conductive layer 346.
Horizontal surfaces of the alternating stack (32, 346) that do not underlie any other layer
within the alternating stack (32, 346) (and which contact one of the retro-stepped dielectric
material portion 65, a pillar structure 7R, and/or a resistor contact via structure 8R) are
adjoined to vertical surfaces of the first and second material layers. The retro-stepped
dielectric material portion 65 overlies the stepped surface region. A set of at least one pillar
structure 7R, a laterally-extending semiconductor or conductive structure as embodied in a
portion of a fourth electrically conductive layer 346, and a resistor contact via structure S8R
collectively constitute a resistor structure.

[0241] The first, second, third, and fourth exemplary structures can be formed alone, or in
combination with any other among the first, second, third, and fourth exemplary structures.
The exemplary structures of the present disclosure can provide passive components (such as
resistors and capacitors) integrated with a three-dimensional device including an alternating
stack of first material layers and second material layers, which can be a three-dimensional
memory device such as a vertical NAND device. Some embodiments of the present
disclosure provide capacitor structures and/or resistor structures employing stepped surfaces
that are formed on the alternating stack of material layers. Thus, the processing steps of
forming contact via structures for control gate electrodes of a vertical memory device can be
employed to form the stepped surface region for the exemplary devices of the present
disclosure. In some other embodiments, pillar structures that constitute a resistive portion of

a resistor structure can be formed employing the same processing steps as the processing
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steps employed to form memory stack structures and by adding the processing step of a
masked ion implantation to dope the semiconductor material therein. Thus, the passive
devices of the present disclosure can be formed with minimal addition and/or modification to
known processing steps for manufacturing a three-dimensional memory device, thereby
reducing the production cost for the passive devices. In addition, the passive devices of the
present disclosure can be formed in proximity to memory stack structures by employing
stepped surfaces that can be formed on an alternating stack of insulator layers and electrically
conductive layers. Thus, integration of the passive devices into a peripheral circuit for a
memory device can be done with minimal electrical wiring.

[0242] Although the foregoing refers to particular preferred embodiments, it will be
understood that the disclosure is not so limited. It will occur to those of ordinary skill in the
art that various modifications may be made to the disclosed embodiments and that such
modifications are intended to be within the scope of the disclosure. All of the publications,
patent applications and patents cited herein are incorporated herein by reference in their

entirety.
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WHAT IS CLAIMED IS:

1. A three dimensional memory device, comprising:
a memory device region containing a plurality of non-volatile memory devices;
a peripheral device region containing active driver circuit devices; and
a first stepped surface region between the peripheral device region and the memory

device region containing a plurality of passive driver circuit devices.

2. The device of Claim 1, further comprising:

a stack of alternating layers including electrically insulating layers and electrically
conductive layers located over a substrate, wherein the first stepped surface region contains
first portions of the electrically insulating layers and first portions of the electrically
conductive layers, and the first stepped region is located on a first side of the stack;

a second stepped surface region containing second portions of the electrically
insulating layers and second portions of the electrically conductive layers located on a second
side of the stack;

a plurality of semiconductor channels located in the memory device region in the
stack, wherein at least one end portion of each of the plurality of semiconductor channels
extends substantially perpendicular to a top surface of the substrate;

a plurality of charge storage elements, each charge storage element located adjacent to
arespective one of the plurality of semiconductor channels;

a plurality of passive device contact via structures extending substantially
perpendicular to the top surface of the substrate to the respective first portions of the

electrically conductive layers in the first stepped surface region; and
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a plurality of control gate contact via structures extending substantially perpendicular
to the top surface of the substrate to the respective second portions of the electrically

conductive layers in the second stepped surface region.

3. The device of Claim 2, wherein:

the peripheral device region contains sense amplifiers;

the second stepped surface region comprises a word line stepped surface region; and

the second portions of the electrically conductive layers comprise a plurality of
control gate electrodes extending substantially parallel to the top surface of the substrate, and
the plurality of control gate electrodes comprise at least a first control gate electrode located

in the first device level and a second control gate electrode located in the second device level.

4. The device of Claim 3, wherein:

the plurality of passive driver circuit devices comprise a plurality of capacitors;

the first portions of the electrically conductive layers comprise a plurality of capacitor
electrodes;

the first portions of the electrically insulating layers comprise capacitor dielectrics
located between the capacitor electrodes; and

the respective first and the second portions of each of the electrically conductive layer
are located at the same level above the substrate and are electrically insulated from each

other.

5. The device of Claim 3, wherein the plurality of passive driver circuit devices comprises a

plurality of resistors.
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6. A device comprising a set of capacitors, the device comprising:

a stack of alternating layers including electrically insulating layers and electrically
conductive layers located over a substrate, wherein each underlying electrically conductive
layer that is located within the stack and has at least one overlying electrically conductive
layer that laterally extends farther than the underlying electrically conductive layer to form a
stepped surface region on a side of the stack;

a dielectric material portion located over the stepped surface region of the stack,
wherein an interface between the dielectric material portion and the stack includes a
contiguous set of horizontal surfaces and vertical surfaces to provide the stepped surface
region;

a set of dielectric fill material portions located within trenches that vertically extend
through the stack of alternating layers and laterally contact sidewalls of the stack of
alternating layers in the stepped surface region; and

a plurality of contact via structures in contact with respective electrically conductive
layers within the stack of alternating layers,

wherein the electrically conductive layers constitute conductive components of a set
of capacitors and a subset of the electrically insulating layers constitutes node dielectrics of
the set of capacitors, wherein each capacitor in the set comprises:

a first node that includes an underlying electrically conductive layer of a respective
vertically neighboring pair and a respective contact via structure that extends upward from
the underlying electrically conductive layer and through the dielectric material portion; and

a second node that includes an overlying electrically conductive layer of the

respective vertically neighboring pair and a respective contact via structure that extends
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upward from the overlying electrically conductive layer and through the dielectric material

portion.

7. The device of Claim 6, wherein:

each of the trenches is entirely filled with a dielectric material of a respective
dielectric fill material portion;

all sidewall surfaces of the electrically conductive layers within the stack of
alternating layers are in contact with a surface selected from sidewall surfaces of the set of
dielectric fill material portions and sidewall surfaces of the dielectric material portion;

an entire interface between an electrically conductive layer within the stack of
alternating layers and the set of dielectric fill material portions is a contiguous interface; and

the contiguous interface is substantially vertical throughout an entirety thereof.

8. The device of Claim 7, wherein:

the interface between the electrically conductive layer and the set of dielectric fill
material portions adjoins an interface between the electrically conductive layer and the
dielectric material portion;

a combination of the interface between the electrically conductive layer and the set of
dielectric fill material portions and the interface between the electrically conductive layer and
the dielectric material portion includes all sidewall surfaces of the electrically conductive
layer;

the set of dielectric fill material portions is a contiguous set of material portions and

contact the dielectric material portion; and
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the dielectric material portion is a retro-stepped dielectric material portion in which a
horizontal cross-sectional area of the dielectric material portion at a horizontal plane is not
less than a horizontal cross-sectional area of the dielectric material portion at any horizontal

plane that is more proximal to the substrate.

9. The device of Claim 6, wherein:

each capacitor within the set of capacitors comprises two pairs of vertically
neighboring electrically conductive layers;

the first node of the capacitor includes an underlying electrically conductive layer of a
first vertically neighboring pair and an electrically conductive layer of a second vertically
neighboring pair; and

the second node of the capacitor includes an overlying electrically conductive layer of
the first vertically neighboring pair and another electrically conductive layer of the second

vertically neighboring pair.

10. The device of Claim 9, wherein:

the underlying electrically conductive layer of the first vertically neighboring pair and
the electrically conductive layer of the second vertically neighboring pair are electrically
shorted through two contact via structures and a first conductive line structure; and

the overlying electrically conductive layer of the first vertically neighboring pair and
the other electrically conductive layer of the second vertically neighboring pair are
electrically shorted through two additional contact via structures and a second conductive line

structure.
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11. The device of Claim 9, wherein:

the set of capacitors comprise at least a first capacitor and a second capacitor;

the first capacitor comprises a first upper pair of vertically neighboring electrically
conductive layers and a first lower pair of vertically neighboring electrically conductive
layers;

the second capacitor comprises a second upper pair of vertically neighboring
electrically conductive layers and a second lower pair of vertically neighboring electrically
conductive layers;

the second upper pair of vertically neighboring electrically conductive layers overlies
the first upper pair of vertically neighboring electrically conductive layers;

the first upper pair of vertically neighboring electrically conductive layers overlies the
first lower pair of vertically neighboring electrically conductive layers; and

the first lower pair of vertically neighboring electrically conductive layers overlies the

second lower pair of vertically neighboring electrically conductive layers.

12. The device of Claim 11, wherein a sum of an upper overlap area between the vertically
neighboring electrically conductive layers within the first upper pair and a lower overlap area
between the vertically neighboring electrically conductive layers within the first lower pair is
substantially the same as the sum of an upper overlap area between the vertically neighboring
electrically conductive layers within the second upper pair and a lower overlap area between

the vertically neighboring electrically conductive layers within the second lower pair.

13. The device of Claim 11, wherein:
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each capacitor within the set of capacitors has a substantially same total overlap area
between vertically neighboring electrically conductive layers contained therein; and

the set of capacitors is located in at least one of a kerf region, a first stepped surface
region between a peripheral device region and a memory device region, and a second stepped
surface region which comprises a stepped track between the kerf region and the peripheral

device region.

14. The device of Claim 6, further comprising a monolithic three-dimensional memory device
located over the substrate, the monolithic three-dimensional memory device comprising:

additional control gate portions of the electrically conductive layers located at the
same levels as the electrically conductive layers of the stack;

a memory opening extending through the stack;

a memory film located within the memory opening; and

a semiconductor channel located within the memory film.

15. The device of Claim 14, wherein:
the set of capacitors is a component of a peripheral device of the monolithic three-
dimensional memory device;
the monolithic three-dimensional memory device is a vertical NAND memory device;
the additional control gate portions of the electrically conductive layers comprise, or
are electrically connected to, a respective word line of the vertical NAND memory device;
the substrate comprises a silicon substrate;
the vertical NAND memory device comprises an array of monolithic three-

dimensional NAND strings over the silicon substrate;
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at least one memory cell in the first device level of the three-dimensional array of
NAND strings is located over another memory cell in the second device level of the three-
dimensional array of NAND strings;
the silicon substrate contains an integrated circuit comprising a driver circuit for the
memory device located thereon; and
the three-dimensional array of NAND strings comprises:
a plurality of semiconductor channels, wherein at least one end portion of
each of the plurality of semiconductor channels extends substantially perpendicular to
a top surface of the silicon substrate;
a plurality of charge storage elements, each charge storage element located
adjacent to a respective one of the plurality of semiconductor channels; and
a plurality of control gate electrodes having a strip shape extending
substantially parallel to the top surface of the silicon substrate, the plurality of control
gate electrodes comprise at least a first control gate electrode located in the first

device level and a second control gate electrode located in the second device level.

16. A method of forming a memory device comprising:
forming a plurality of memory devices in a memory device region;
forming a plurality of passive devices outside the memory device region; and
forming a conductive layer in one deposition step such that a first portion of the
conductive layer comprises a portion of at least one of the passive device and a second

portion of the conductive layer forms a portion of at least one memory device.

17. The method of Claim 16, further comprising:
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forming a stack comprising an alternating plurality of electrically insulating layers
and second material layers over a substrate;

forming trenches extending through the stack of alternating layers, wherein sidewalls
of a patterned portion of the stack of alternating layers are physically exposed;

forming a patterned stack comprising an alternating plurality of the electrically
insulating layers and electrically conductive layers, wherein the electrically conductive layers
in the patterned stack are formed at each level of the second material layers, and the patterned
stack is laterally contacted by a set of dielectric fill material portions formed within trenches;
and

forming a plurality of contact via structures on the electrically conductive layers,

wherein:

portions of the electrically conductive layers located in a first stepped surface region
between a peripheral device region and a memory device region constitute at least a portion
of passive devices; and

forming the conductive layer comprises forming at least one of the electrically

conductive layers or at least one of the plurality of contact via structures.

18. The method of Claim 17, wherein:
the passive devices comprise capacitors;
a subset of the electrically insulating layers located in the first stepped surface region
constitutes node dielectrics of the set of capacitors; and
each capacitor in the set comprises:
a first node that includes an underlying electrically conductive layer of a

respective vertically neighboring pair and a respective contact via structure that
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extends upward from the underlying electrically conductive layer and through the
dielectric material portion; and

a second node that includes an overlying electrically conductive layer of the
respective vertically neighboring pair and a respective contact via structure that
extends upward from the overlying electrically conductive layer and through the

dielectric material portion.

19. The method of Claim 18, further comprising replacing the second material layers with
conductive material portions;
wherein:
the electrically conductive layers in the patterned stack comprises remaining portions
of the conductive material portions;
the set of dielectric fill material portions is formed within the trenches after
replacement of the second material layers with the conductive material portions; and
the second material layers are replaced with the conductive material portions by:
forming lateral recesses by etching the second material layers by introducing
an etchant through one or more of the trenches;
depositing the conductive material portions within the lateral recesses; and
filling the one or more of the trenches with one or more dielectric fill material

portions within the set of dielectric fill material portions.

20. The method of Claim 18, further comprising:
filling each of the trenches with a dielectric material of a respective dielectric fill

material portion;
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forming a stepped surface region in which each underlying second material layer
laterally extends farther than any overlying second material layer thereof; and

forming a dielectric material portion over the stepped surface region.

21. The method of Claim 20, further comprising:

forming a support pillar trench through the alternating stack;

forming a dielectric pillar structure within the support pillar trench by depositing a
first dielectric fill material;

forming lateral separation trenches through the alternating stack; and

forming dielectric trench fill structures by depositing a second dielectric fill material,
wherein:

the set of dielectric fill material portions comprise the dielectric pillar structure and
the dielectric trench fill structures;

the support pillar trench laterally extends along a same lateral direction as stepped
surfaces within the stepped surface region; and

the lateral separation trenches laterally extend along a lateral direction that is

perpendicular to the stepped surfaces within the stepped surface region.

22. The method of Claim 20, wherein the dielectric material portion is a retro-stepped
dielectric material portion in which a horizontal cross-sectional area of the dielectric material
portion at a horizontal plane is not less than a horizontal cross-sectional area of the dielectric

material portion at any horizontal plane that is more proximal to the substrate.

23. The method of Claim 18, wherein:
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each capacitor within the set of capacitors comprises two pairs of vertically
neighboring electrically conductive layers;

the first node of the capacitor includes an underlying electrically conductive layer of a
first vertically neighboring pair and an electrically conductive layer of a second vertically
neighboring pair; and

the second node of the capacitor includes an overlying electrically conductive layer of
the vertically neighboring pair and another electrically conductive layer of the second

vertically neighboring pair.

24. The method of Claim 16, wherein the passive devices comprise resistors.

25. The method of Claim 16, wherein:
forming the plurality of memory devices in a memory device region comprises
forming a monolithic three-dimensional memory device located over the substrate; and
the monolithic three-dimensional memory device comprises:
a memory opening extending through the stack;
a memory film formed within the memory opening; and

a semiconductor channel formed within the memory film.

26. The method of Claim 25, wherein:

the passive devices are components of a peripheral device of the monolithic three-

dimensional memory device;

the monolithic three-dimensional memory device is a vertical NAND memory device;
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the electrically conductive layers comprise, or are electrically connected to, a
respective word line of the vertical NAND memory device;
the substrate comprises a silicon substrate;
the vertical NAND memory device comprises an array of monolithic three-
dimensional NAND strings over the silicon substrate;
at least one memory cell in the first device level of the three-dimensional array of
NAND strings is located over another memory cell in the second device level of the three-
dimensional array of NAND strings;
the silicon substrate contains an integrated circuit comprising a driver circuit for the
memory device located thereon; and
the three-dimensional array of NAND strings comprises:
a plurality of semiconductor channels, wherein at least one end portion of
each of the plurality of semiconductor channels extends substantially perpendicular to
a top surface of the silicon substrate;
a plurality of charge storage elements, each charge storage element located
adjacent to a respective one of the plurality of semiconductor channels; and
a plurality of control gate electrodes having a strip shape extending
substantially parallel to the top surface of the silicon substrate, the plurality of control
gate electrodes comprise at least a first control gate electrode located in the first

device level and a second control gate electrode located in the second device level.

27. The method of Claim 25, wherein the first stepped surface region contains first portions
of the electrically insulating layers and first portions of the electrically conductive layers, and

the first stepped region is located on a first side of the stack.
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28. The method of Claim 27, further comprising forming a second stepped surface region
containing second portions of the electrically insulating layers and second portions of the
electrically conductive layers located on a second side of the stack during at the same time as

forming the first stepped surface region.

29. The method of Claim 28, wherein:

forming the plurality of contact via structures comprises forming a plurality of passive
device contact via structures extending substantially perpendicular to the top surface of the
substrate to the respective first portions of the electrically conductive layers in the first
stepped surface region, and at the same time forming a plurality of control gate contact via
structures extending substantially perpendicular to the top surface of the substrate to the
respective second portions of the electrically conductive layers in the second stepped surface
region;

the peripheral device region contains sense amplifiers;

the second stepped surface region comprises a word line stepped surface region; and

the second portions of the electrically conductive layers comprise a plurality of
control gate electrodes extending substantially parallel to the top surface of the substrate, and
the plurality of control gate electrodes comprise at least a first control gate electrode located

in the first device level and a second control gate electrode located in the second device level.

30. A semiconductor device, comprising:
an alternating stack of first material layers and second material layers located over a

substrate;
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at least one pillar structure extending from a first horizontal plane including a top
surface of the alternating stack through at least a portion of the alternating stack;

a laterally-extending semiconductor or conductive structure contacting a bottom
surface of the at least one pillar structure; and

a contact via structure contacting a top surface of the laterally-extending
semiconductor or conductive structure and laterally spaced from the at least one pillar
structure,

wherein:

each of the at least one pillar structure comprises at least one doped semiconductor
material portion therein; and

each semiconductor material portion within the at least one pillar structure has a

doping of a same second conductivity type.

31. The semiconductor device of Claim 30, wherein the contact via structure comprises a
metallic via structure and the at least one doped semiconductor material portion comprises
electrical dopants of the same second conductivity type at an atomic concentration in a range

from 1.0 x 10 V7 /em® to 1.0 x 10 *%/cm?>.

32. The semiconductor device of Claim 30, wherein the at least one doped semiconductor
material portion comprises a doped polycrystalline semiconductor material portion contacting

inner surfaces of at least one electrically insulating material.

33. The semiconductor structure of Claim 30, further comprising:

a memory opening extending through the alternating stack; and
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a memory stack structure that comprises a memory film located within the memory

opening, and a semiconductor channel located within the memory film.

34. The semiconductor device of Claim 33, wherein:

the at least one pillar structure comprises at least a portion of a resistor;

each of the at least one pillar structure comprises a layer stack of at least two
dielectric material layers located on an outer sidewall of a respective set of at least one doped
semiconductor material portion;

the memory film and the layer stack of at least two dielectric material layers comprise
an identical set of dielectric materials; and

the laterally-extending semiconductor or conductive structure consists of at least one

single crystalline semiconductor material portion located in the substrate.

35. The semiconductor structure of Claim 34, wherein:

the at least one doped semiconductor material portion comprises a same
semiconductor material as the semiconductor channel, and further includes electrical dopants
of the same second conductivity type; and

the semiconductor channel is intrinsic or has a doping of a first conductivity type that

is the opposite of the second conductivity type.

36. The semiconductor structure of Claim 35, wherein:
the memory stack structure further comprises a drain region having a same second

conductivity type of doping as the least one doped semiconductor material portion; and
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a second doped semiconductor material portion of the at least one doped

semiconductor material portion comprises a same semiconductor material as the drain region.

37. The semiconductor structure of Claim 34, wherein:

the memory stack structure further comprises an epitaxial channel portion; and

a epitaxial doped semiconductor portion of the at least one doped semiconductor
material portion comprises a same semiconductor material as the epitaxial channel portion,

and further includes electrical dopants of the same second conductivity type.

38. The semiconductor structure of Claim 34, wherein:
the first material layers are electrically insulating layers; and

the second material layers are electrically conductive layers.

39. The semiconductor structure of Claim 34, wherein:

the first material layers comprise a first electrically insulating material;

the second material layers comprise a second electrically insulating material; and

the memory stack structure extends through another alternating stack of the first
material layers and electrically conductive layers located at each level of the second material

layers.

40. The semiconductor structure of Claim 30, wherein:
the first material layers comprise electrically insulating layers;

the second material layers comprise electrically conductive layers; and
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the laterally-extending semiconductor or conductive structure comprises one of the

electrically conductive layers.

41. The semiconductor structure of Claim 40, wherein each of the at least one pillar structure

consists of a respective doped semiconductor material portion.

42. The semiconductor structure of Claim 41, wherein:

the alternating stack comprises a stepped surface region in which each electrically
conductive layer having at least one overlying electrically conductive layer laterally extends
farther than any overlying electrically conductive layer;

a retro-stepped dielectric material portion overlies the stepped surface region; and

the at least one pillar structure, the laterally-extending semiconductor or conductive

structure, and the contact via structure collectively constitute a resistor structure.

43. The semiconductor structure of Claim 42, further comprising additional resistor
structures, each additional resistor structure comprising:

at least one additional pillar structure extending from the first horizontal plane to a
respective electrically conductive layer located at a different level from the laterally-
extending semiconductor or conductive structure;

a respective electrically conductive layer contacting a bottom surface of the at least
one additional pillar structure; and

an additional contact via structure contacting a top surface of the respective

electrically conductive layer.
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44. The semiconductor structure of Claim 30, further comprising a vertical NAND memory
device located over the substrate, wherein:
the vertical NAND memory device comprises a memory stack structure extending
through an alternating stack of electrically insulating layers located at each level of the first
material layers and electrically conductive layers located at each level of the second material
layers;
the electrically conductive layers comprise, or are electrically connected to, a
respective word line of the vertical NAND memory device;
the substrate comprises a silicon substrate;
the vertical NAND memory device comprises an array of monolithic three-
dimensional NAND strings over the silicon substrate;
at least one memory cell in the first device level of the three-dimensional array of
NAND strings is located over another memory cell in the second device level of the three-
dimensional array of NAND strings;
the silicon substrate contains an integrated circuit comprising a driver circuit for the
memory device located thereon; and
the three-dimensional array of NAND strings comprises:
a plurality of semiconductor channels, wherein at least one end portion of
each of the plurality of semiconductor channels extends substantially perpendicular to
a top surface of the silicon substrate;
a plurality of charge storage elements, each charge storage element located
adjacent to a respective one of the plurality of semiconductor channels; and
a plurality of control gate electrodes having a strip shape extending

substantially parallel to the top surface of the silicon substrate, the plurality of control
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gate electrodes comprise at least a first control gate electrode located in the first

device level and a second control gate electrode located in the second device level.

45. The semiconductor structure of Claim 44, wherein the at least one pillar structure
comprises at least a portion of a resistor located in at least one of a kerf region, a first stepped
surface region between a peripheral device region and a memory device region, a second
stepped surface region which comprises a stepped track between the kerf region and the
peripheral device region, and a third stepped surface region which comprises a word line

contact region containing word line contact via structures.

46. A method of forming at least one resistor structure, comprising:

forming an alternating stack of first material layers and second material layers over a
substrate;

forming at least one vertically-extending cavity from a first horizontal plane including
a top surface of the alternating stack to a laterally-extending semiconductor or conductive
structure, wherein a physically exposed portion of a top surface of the laterally-extending
semiconductor or conductive structure is present within a second horizontal plane located in
the alternating stack below the first horizontal plane;

forming a resistor comprising a pillar structure within each of the at least one
vertically-extending cavity, wherein each pillar structure comprises at least one doped
semiconductor material portion, and wherein each semiconductor material within the pillar
structure has a doping of a same second conductivity type; and

forming a contact via structure contacting another portion of the top surface of the

laterally-extending semiconductor or conductive structure.
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47. The method of Claim 46, wherein:

the contact via structure is formed by deposition of a metallic material; and

the at least one doped semiconductor material portion comprises a doped
polycrystalline semiconductor material portion that is formed directly on inner surfaces of at

least one electrically insulating material.

48. The method of Claim 46, further comprising:
forming a memory opening extending through the alternating stack;
forming a memory film located within the memory opening; and

forming a semiconductor channel on the memory film.

49. The method of Claim 48, wherein:
the vertically-extending semiconductor material portion and the semiconductor
channel are formed by deposition of an intrinsic semiconductor material or a doped
semiconductor material having a doping of a first conductivity type that is the opposite of the
same conductivity type; and
a first doped semiconductor material portion of at the least one doped semiconductor
material portion is formed by:
depositing a vertically-extending semiconductor material portion in each
vertically-extending cavity simultaneously with formation of the semiconductor
channel; and
implanting electrical dopants of the same second conductivity type into the

vertically-extending semiconductor material portion while preventing implantation of
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the electrical dopants of the same second conductivity type into the semiconductor

channel.

50. The method of Claim 49, further comprising:

forming a drain region having a doping of the same second conductivity type on the
semiconductor channel;

forming a second doped semiconductor material portion on each vertically-extending
semiconductor material portion simultaneously with formation of the drain region;

forming an epitaxial channel portion on the substrate, wherein the semiconductor
channel is formed on the epitaxial channel portion; and

forming a epitaxial doped semiconductor portion comprising a same semiconductor
material as the epitaxial channel portion at a bottom portion of each vertically-extending

cavity.

51. The method of Claim 48, wherein the laterally-extending semiconductor or conductive
structure consists of at least one single crystalline semiconductor material portion located in

the substrate.

52. The method of Claim 48, further comprising replacing the second material layers with
electrically conductive layers within a memory device region including the memory opening,
wherein:

the first material layers are electrically insulating layers; and

the second material layers comprise a dielectric material and are not removed within a

region including the at least one vertically-extending cavity.
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53. The method of Claim 48, further comprising replacing the second material layers with
electrically conductive layers, wherein the first material layers are electrically insulating

layers.

54. The method of Claim 53, wherein the laterally-extending semiconductor or conductive

structure comprises one of the electrically conductive layers.

55. The method of Claim 54, wherein each of the pillar structure consists of a respective
doped semiconductor material portion that is deposited within a respective vertically-

extending cavity formed on the laterally-extending semiconductor or conductive structure.

56. The method of Claim 55, further comprising:

forming a stepped surface region in which each electrically conductive layer having at
least one overlying electrically conductive layer laterally extends farther than any overlying
electrically conductive layer; and

forming a retro-stepped dielectric material portion the stepped surface region.

57. The method of Claim 56, wherein:

the pillar structure, the laterally-extending semiconductor or conductive structure, and
the contact via structure collectively constitute a resistor structure; and

the method further comprises forming additional resistor structures simultaneously

with formation of the resistor structure, each additional resistor structure comprising:
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at least one additional pillar structure extending from the first horizontal plane
to a respective electrically conductive layer located at a level from the laterally-
extending semiconductor or conductive structure;
a respective electrically conductive layer contacting a bottom surface of a
respective additional pillar structure; and
an additional contact via structure contacting a top surface of the respective

electrically conductive layer.

58. The method of Claim 46, further comprising forming a vertical NAND memory device
over the substrate, wherein:

the vertical NAND memory device comprises a memory stack structure extending
through an alternating stack of electrically insulating layers located at each level of the first
material layers and electrically conductive layers located at each level of the second material
layers;

the electrically conductive layers comprise, or are electrically connected to, a
respective word line of the vertical NAND memory device;

the substrate comprises a silicon substrate;

the vertical NAND memory device comprises an array of monolithic three-
dimensional NAND strings over the silicon substrate;

at least one memory cell in the first device level of the three-dimensional array of
NAND strings is located over another memory cell in the second device level of the three-
dimensional array of NAND strings;

the silicon substrate contains an integrated circuit comprising a driver circuit for the

memory device located thereon; and
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the three-dimensional array of NAND strings comprises:

a plurality of semiconductor channels, wherein at least one end portion of
each of the plurality of semiconductor channels extends substantially perpendicular to
a top surface of the silicon substrate;

a plurality of charge storage elements, each charge storage element located
adjacent to a respective one of the plurality of semiconductor channels; and

a plurality of control gate electrodes having a strip shape extending
substantially parallel to the top surface of the silicon substrate, the plurality of control
gate electrodes comprise at least a first control gate electrode located in the first

device level and a second control gate electrode located in the second device level.
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