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Appreved for use through
S, Patent and Trademark Office; 1L.S. D

Under the Paperwork Reduction Act of 1995 1o persons sre required to respond 1o a coliection of information unless it displays a valid OMB control number.

UTILITY
PATENT APPLICATION
TRANSMITTAL

{Only for new nonprovisicnal applications under 37 CFR 1.53{b}}

Attorney Docket No.

4123.0110003 h

First Nomed lnventor

Zhenyu LU

Title

See 1 in Addendum

Priority Mail Express®
Lobel No.

APPLICATION ELEMENTS

See MPEF chapter 600 concerning utility patent application contents.

ADDRESS TC:

Comrnissionar for Patents
P.O. Box 1850
Alexandria, VA 22313-1450

1. D Fee Transmittal Form

{PTQ/SB/17 or equivalent)

Applicant asserts small entity status.

See 37 CFR1.27

Applicant certifies micro entity status, See 37 CFR 1,29
Applicant must attach form PTO/SB/15A or B or equivalent.
Specification [Total Poges S8 ]
8oth the claims and abstract must start on a new pa;
{See MIPEP 6 608.01{a)} for information on the preferred arrangement}

5.1 prawingis} (35 U.5.C. 113) {Totef Sheets 126 3 (if appiicabie)
6. inventor's Oath or Declaration Tota! Pages 6 ______________________ ] 13. information Disclosure Statement

{including substitute staterments under 37 CFR 1.54 and assignments

sesving as an oath ar declaration under 37 CFR 1.63(e})
a. E Newly executed {original or copy)
B.iv | Acopyfrom a prior application {37 CFR 1.63(d})
7. Application Data Sheet  * See note below.
See 37 CFR 1.76 {PTO/AIA/ 14 ar eqguivalent)
3. CB-ROM or CD-R
in duplicate, farge table, or Computer Program {Appendix}
| Landscape Table on CD
9. Rucleotide and/or &mine Acld Sequence Submission
{if applicable, items a. - ¢. ore required)
a. Computer Readable Form {CRF}
b. D Specification Sequence Listing on:
i. L CD-ROM or CO-R {2 copies); or
ii.D Paper

[ m Statements verifying identity of above copies

ACCOMPANYING APPLICATION PAPERS

i1

A Assignment Papers

{cover sheet & document(s}}
Name of Assignes
Yangtze Memory Technoingies Co., Lid

Power of Attorney

37 CFR 3.73{c} Statement

{when there is an ussignes}

English Translation Bocument

(PTO/SB/OS or PTO- 1449}

D Copies of

Preliminary Amendment

=

citations attached

Return Receipt Postcard

(MPEP § 503) (Should be specifically itemized)

Certified Copy of Priority Document(s}

{if foreign priority is claimed)

Monpublication Reguest

Under 35 1.8.C. 122{b}H2}{B)i). Applicant must attach form PTO/SB/3S
or eguivalent.

Other: Authorization to Treat 8 Reply As Incorporating

An Extension of Time Under 37 CFR. § 1.138{a}(3}.

taims under 37 CFR 1.78 and forei
ations filed under 35 U.S.C. 11

is under an ob

3 priority claims under 1.55 must be included in an Application Data Sheet {ADS).
, the application must contain an ADS spea
ligation 1o assign, ar persan who otherwise shows sufficient proprietary

ving the appiicant if the applicant is an

19. CORRESPONDENCE ADDRESS

address associated with Custarmner Number: 28111

on u Correspondence address below

Nare
Address
City State Zip Code
Country Telephone Email
 Signature /Donald 1. Featherstone/ Date 11/18/2020 )
Donald J. Featherstone e | 33,867 )

is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coliectiol timated to take 1

this b,

n 3 bepafit by the public which is to file {and by the USPTO
2 minutes 1o complate,

case. Any COMIMents on
, should be sent to the Chief information Officer, US

TG Cammissioner for Patents, P.O. Box 1
if you need assistance |

, Alexandria, YA 22
completing the form, call 1-800-PTO-8199 and select option 2.
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Addendum

1. JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES
AND METHODS FOR FORMING THE SAME

Micron Ex. 1002, p. 7
Micron v. YMTC
IPR2025-00245



DONALD §. FEATHERSTONE
DIRECTOR
[202)772-8629
DONF@STERNEKESSLER.COM

Sterne Kessler

STERNE KESSLER GOLDETEIN & FOX

November 18, 2020

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450
Re: U8, Non-Provisional Patent Application under 37 CF.R. § 1.53(b}
{Continuation of Appl. No. 16/046,847; Filed: July 26, 2018)
Appl. No. To Be Assigned; Filed: Herewith
For:  JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL
MEMORY DEVICES AND METHODS FOR FORMING THE
SAME
Inventors: LU et al.
Our Ref: 4123 0110003

Commissioner.

The following documents are transmitted herewith for appropriate action by the 1.5
Patent and Trademark Office:
1. Payment made electronically for $2,248.88 to cover

$1,828.08 - Patent Application fees (including basic filing, search, and
examination fees),

5420.00 — Application Size fee (additional 50 sheets in excess of 100},

2. Utility Patent Application Transmittal Form (PTO/ATA/LS);

3. Authorization to Treat 3 Reply As Incorporating An Exiension of Time
Under 37 CF R, § 1.136(8)(3);

4. U8, Utility Patent Application entitled:

JOINT QPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME

and naming as inventors.

Zhenyu LU, Wenguang SHI, Guanping WU, Feng PAN, Xianjin WAN, and
Baoyeun CHEN

the application consisting of’

a. An Application Data Sheet 37 CFR. § 1.76);

b. A copy of the signed Inventors' Declaration, as originally filed in
prior U.S. Appl. No. 16/046,847,;
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Comrotssioner for Patents
November 18, 2020

Page 2
c. A copy of the signed Substitute Statement in Lieu of an Oath or
Declaration (PTO/AIA/O2), as originally filed in prior U.S. Appl.
No. 16/046,847 on behalf of Feng PAN,;
d. A specification containing;
i. 61 pages of description prior to the claims;
il. & pages of claims (26 claims);
i, a one (1) page abstract;
e 128 sheets of drawings: (Figures 1-6, TA-7B, §A-8B, 9A-9B, 10A-
10B, 11A-118, 12-20, 21A-21B, 22A-228, 23A-23B, 24-29, 30A-
308, 31A-318, 32A-328, 33A-33B, 34A-34B, 35-47, 48A-488,
49A-40B, SOA-S0B, 51-55, S6A-56B, 57A-57B, SRA-S8B, 50A-
598, 60-71, 72A-728B, 73A-738, 7T4A-74B, 75-79, 80A-808, S1A-
818, 82A-82B, 83A-83B, 84-100, 101A-101B, 102A-102B, and
103A-103B);
5. Information Disclosure Statement (IDS);
6. Form PTO/SB/08a (2 sheets) listing 25 documents (US1-USIS) and
(FPI-FP10),
7. Form PTO/SB/OBb (1 sheet) listing 3 documents (NPLI-NPL3)}, and

8. An executed Power of Attorney by Applicant form (PTO/AIA/B2B) and
the Transmittal for Power of Attorney form (PTO/ATA/B2A).

The above-listed documpenis are filed electronically.

Fee payment is provided via electronic filing. The U8, Patent and Trademark Office is
hereby authorized {o charge any fee deficiency, or credit any overpayment, to our Deposit
Account No. 19-0036.

Respectfully submitted,
STERNE, KESSLER, GOLDSTEIN & FOX PL.L.C.
/Donald I Featherstone/

Dionald . Featherstone

Attorney for Applicant

Registration No. 33,876
DIF/W-S/mm

Enclosures
15723515 _1.docx

Jtaran, Kosshey, Qolovted
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Doc Code: PA. PTO/AIAE2A (07-13)
o ‘ £ /ALAB2A (D7-
Document Description: Power of Altorney Approved for use through 01/31/2018. OMS 0651-0038

U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Pagerwork Reduction Act of 1685, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

e o

NOTE: This form is to be submitied with the Power of Attorney by Applicant form (PTO/AIA/SZE) {o identify the appiication to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/BZA nor form PTO/AIASZE identifies the application to which the Fower of Altorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number To Be Aggégn@@

Filing Date Herewith

First Named inventor Zhenyu LU

Title JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY

DEVICES AND METHODS FOR FORMING THE SAME

Art Unit To Be Assigned

Examiner Name TQ Sg Asségned
Atiorney Docket Number 14123.0110003

SIGNATURE of Applicant or Patent Practitioner

Signature /Donald J. Featherstone/ Date (Optionai)
Name Registration
Donald J. Featherstone Number 33,878

Title (if Applicantis a
juristic entity)

Atiorney for Applicant

Applicant Name (if Applicant is a juristic entity) Yaﬁg{{z% M@m@r‘y T@Ghﬁ@ﬁ@gieﬁs C@ L%d

NGTE: This form must be signed in accordance with 37 CFR 1.33, See 37 CFR 1.4(d) for signature requirements and cerifications. f
more than one applicani, use muiliple forms.

*Total of 7§ {Q{]g} forms are submitted.

This collection of information i3 required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO {o process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This coliection is estimated to take 3 minutes {o complete, including gathering, preparing, and submitling the completed
application form o 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: Comumnissioner for Patents, P.O. Box 1480, Alexandria, VA 22313-1480.

if you need assistance in complefing the form, call 1-800-FPTO-8199 and sefect option 2.
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PTO/SB/8a (07-08)
Approved for use through 11/30/2020. OMRB 0651-0081
U.S Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, ne persons are required to respond to a coftection of information unless it contains a valid OMB control number.

Substitute for form 144%/PTC

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

{Use as many sheefs as necessary}

Compleie if Known

Application Number To Ba Assigned

Filing Date Herewith

First Mamed Invenior

Fhenyu LU

At Unit To Be Assigned

Examiner Name To Be Assigned

N zhest |4 [ of 12 Attomey Docket Number {4123 0110003
U, 8. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Fages, Columns, Lines, Where
initials® No.! MM-DD-YYYY Applicant of Cited Document Relevant Passz or Relevant
Number-Kind Cogg? (7 Fmewr! Figures Appaar
ust | US 2010/0019310 A1 01-28-2010  |Sakamoto
us2 | Y% 2010/0100085 A1 05-06-2010 [Ohetal
Us3 | YS 2011/0151667 Al 08-23-2011 Hwang et ak.
uss | Y5 2013/0203227 A1 08-08-2013  {Hucetal
uss | U5 20715/0236038 A1 08-20-2015 |Pachamuthu ef al
uss | U5 2010/0109072 A1 05-06-2010  |Kidoh et al.
us7 | Y5 2010/143524 A1 06-16-2011 {Sonetal
uss | US 2016/00717923 A1 03-10-2016  |Shinohara et ak.
uss | US 2016/0163732 Af 06-09-2016 |Lim etal
Us10| Y8 9 570,463 B1 02-14-2017  {Zhangetal
usit| Y 10,229,827 B2 03-12-2018  iLeestal
ustz| US 10,600,801 B2 03-24-2020 |lecetal
usiz| ¥% 10644 020 B2 05-05-2020 {Huocetal
ust4| U5 2019/0081060 A1 03-14-2019  |Luetal
ustsi US 2013/0108158 A1 05-01-2013  {Leeetal
U
us-
U&
Lg-
FOREIGN PATENT DOCUMENTS
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columng, Lines,
Initials™ No.! Oate Appiicant of Cited Document Whaere Relevant Passages R
. . . MM-DD-YYYY Or Relevant Figures Appear | T°
Country Code” Number * Kind Code® (i krown)
FP1 ICN-1025843877-A 07-04-2012 [INST OF MICROELECTRONICS ¥
FP2 |CN-105304812-A 02-03-2018 {MACRONXINTCOLTD ¥
FPR |CN-105374826-A (3-02-2016 {INST MICROELECTRONICS CAS ¥
FP4 |CN-106653684-A 05-10-2017 YANGTZE MEMORY TECH ©C LT v
Fps |CN-108920772-A 07-04-2017 |VANGTZE MEMORY TECH CO LT 4
FP8 ICN 105281617 A 01-20-2016 {INST OF MICROELECTRONICS
Examiner Date
Signature Considerad
" TEXAMINGR: AUal If (Slerence ConSiGered, witeler OF f01 CIANGH 1S I CONTOTMANce win MERP 600, Hraw Ane through citation if not in ronfmmdn:.e and not "

considered. Include copy of this form with next communication o aprhcam 1Apphf..dnl' s unigue citation designation number (optional). “3See Kinds Codes of
USPTC Patent Documenis at wwy v oor MPER 801.04. ? Enter Office that issued the document, by the two-letter code (WIPQ Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must preced ihn serial number of the patent document. °Kind of document by
the dppmp-ute symbols as indicatad on the document under WIPQ Standard 5716 if possibie. B Agpplicant is to place 3 check mark here if English fanguage

ction of information is required by 37 CFR 1.87 and 1.9%. The information is lequnﬂd to obtain of retain a benefl by the public which is to file {and by the
7O to processy an application. Confidentiality is governed by 35 U.S.C. 122 and 87 CFR 1.14. This collection is estimated to take 2 houwrs o complete
including gathering, preparing, and submitting the completed application form {o the USPTO. Time will vary depending upon the individual case. Any commenis
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Commissioner for Patents, P.O. Box 14586, Alexandria, VA8 22313-1450.

if you need assistance in completing the form, calt 1-800-FT0-9198 (1-800-788-9199} and select oplion 2.
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PTO/SBI08a {D7-0¢)

Approved for use through 11/39/2029. OMB Q0651-0081

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

Under the Paperwork Reduction Act of 1995, ne persons are required to respond to a coftection of information unless it contains a valid OMB control number.

Compleie if Known

Substitute for form 144%/PTC

Application Number
Filing Date

First Mamed Invenior
Art Unil

Examiner Name

To Be Assigned
Herewith
Fhenyu LU

To Be Assigned
To Be Assigned

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

{Use as many sheefs as necessary}

Attomey Docket Number {4123 0110003

N Gheat ]2

U. §. PATENT DOCUMENTS

Cite
No.!

Publication Dale Name of Patentee or
MM-DD-YYYY Applicant of Cited Document

Fages, Columns, Lin
Relevant Passages or Relevant
Fiqures Appear

Exarniner Document Number

initials™

Number-Kind Coge? (Fow

FOREIGN PATENT DOCUMENTS

Cite
No.!

Publication MName of Patentee or
Oate Appiicant of Cited Document
MM-DD-YYYY

Pages, Columng, Lines,
Whaere Relevant Passages
r Relevant Figures Appsar T

Examiner
Initiats”

Foreign Patent Documnent

Country Cede” Number U Kind Code’ (i krown)

FP7 KR 1020110088145 A 08-22-2011 {SAMSUNG ELECTRONICS COLT

Fra KR 1020120028184 A (3-26-2012 [SAMSUNG ELECTRONICS COLT

FPe | KR 1020180003877 A 01-12-2016 {SAMSUNG ELECTRONICS SO LT

FRin | KR 1020180089803 A 06-17-20186 {SAMSUNG ELECTRONICS SO LT

Dale
Considerad

Examiner
Signature

o

TENAMINER, Itial If reference considerad, whether or not citation is in conformance with MEED 606, Draw ine through citation If not in confonmance and not
considered. Include copy of this form with next communication to applicant. ' Applicant's unigue citation designation number (optionad. “See Kinds Codes of
USPTC Patent Documenis at or MPEP 901.04. ° Enter Office that issued the document, by the two- r code (WIPQ Standard ST.3). * For
Japanese patent documents, 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 WIPQ Standard ST.16 if possibie. ﬁAppii\'sam is to place a check mark here if English language

Transistion is attached.

his collection of information is required by 37 CFR 1.87 and 1.9%. The information is required {6 obtain of retain a benefil by the public which is to file {and by the
USPTC to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 87 CFR 1.14. This collection is estimated to {ake 2 hours to complete,
including gathering, preparing, and submitting the compieted application form to the USPTO. Time will vary depending upon the individual case. Any commenis
on the amount of ime you require to complete this form and/or suggestions for reducing this burden, should be sent o the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1435868, Alexandria, V48 22313-1458.

if you need assistance in completing the form, calt 1-800-FT0-9198 (1-800-788-9199} and select oplion 2.

Micron Ex. 1002, p. 13
Micron v. YMTC
IPR2025-00245



PTO/SB/08D {D7-09)

Approved for use through 11/36/202¢. OMB 0851-0031

LS. Patent and Trademark Office; UL.S. DEPARTMENT OF COMMERCE

Undear the P;:}Jeswork Reduction Act of 1885, no persons arereg u_i"red 10 respond 1o a collection of information uniess it contains 3 valid OMB control number.

f/;:bsiirure for form 1449/PTO Complate If Known
B Application Number To Be Assigned

INFORMATION DISCLOSURE | Filing Date Herewith

STATEMENT BY APPLICANT | First Named nventor Zhenyu LU

Art Unit

To Be Assigned

{Use as many sheeis 35 necessary}

Examiner Name To Be Assigned

Sheel 14 of 11 Altorney Docket Number {4423 0110003 ‘/f

NON PATENT LITERATURE DOCUMENTS

Examiner Citg inciude name of the author (in CARITAL LETTERS), title of the article (when appropriaie}, fitle of
inftials™ No.' the item (book, magazine, iournal, serial, symposium, catalog, etc.), date, page(s), volume-issue T2
number(s), publisher, city and/or country where published.
International Search Report and Written Opinion of the International Searching Authority directed to related Intermational
MNFL1 |Patent Application No. PCT/CN2G18/677785, mailed fune 8§, 2018; 7 pages.
Korean Application No. 10-2019-7G28469, Office Action mailed Scptember 23, 2020, English Transiation from EPOG
NPL2 | Global Dossier, 16 pages. V4
Chinese Application No. 201910114048.8, Office Action mailed September 27, 2020; Eaglish Traunslation from £P0
NPL3 | Global Dessier, 32 pages. N
s
RS
]
Examiner Date
Signature Considered
*EXAMINER: Initial if reference considered, whether or niot citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

considerad. Include copy of this form with next communication to applicant.

1 Applicant’s unigue Ci gesignation number {optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.98. The information is required to oblain or retain a beneiit by the pu which is to file (a3nd by the USPTO
to process) an appiication. Confidentiality is governed by 35 US.C. and 37 CFR 1.14. s collection is estimated to take 2 hours to complete, inciuding
gathering, praparing, and tting the completed application form 1o the USPTO. Time will vary depending upon the individual case. Any commeants on the
amount of time you require to complete this form andior suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and
Trademark Office, P.O. Box 1480, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1454, Alexandria, VA 22313-1458.

if you need assistance in completing the form, call 1-300-PTC-719¢ (1-800-788-918¢} and select oplion 2.
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INTHE UNITED STATES PATENT AND TRADEMAREK OFFICE

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

Co., Ltd.

Application No.: To Be Assigned Examiner: To Be Assigned

{Continmation of Appl. No. 16/046,847; Filed:

] Atty. Docket: 412 G003
July 26, 2018) Atty. Docket: 4123.011000

Filing Date: Herewith

Title: JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME

Information Disclosure Statement

Comrotssioner for Patents
PO Box 1450

Alexandria, VA 22313-1450
Commissioner:

Listed on accompanying IDS Forms PT(Q/SB/08a equivalent and PTO/SB/08b equivalent
are documents that may be considered matenial to the patentability of this application as defined in
37 CF.R. §1.56, and in compliance with the duty of disclosure requirements of 37 CF R, §§ 1.97
and 1.98.

Applicant has listed publication dates on the attached DS Forms based on information
presently available to the undersigned. However, the listed publication dates should not be
construed as an admission that the information was actually published on the date indicated.

Applicant reserves the right to establish the patentability of the claimed invention over any
of the information provided herewith, and/or to prove that this information may not be prior art,

and/or to prove that this information may not be enabling for the teachings purportedly offered.
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This statement should not be construed as a representation that a search has been made, or
that information more material to the examination of the present patent application does not exist.

The Examiner is specifically requested not to rely solely on the material submitted herewith.
Applicant has checked the appropriate boxes below.

[ 11 Statement under 37 C.F R. 1.704(d). Each item of information contained in this Information
Dhsclosure Statement: (i} was first cited in any communication from a patent office in a
counterpart’ foreign or international application or from the Office; and this communication
was not received by any individual designated in Sec. 1.56(c) more than thirty days prior to
the filing of this information disclosure statement; OR (i) is a communication that was
issued by a patent office in a counterpart foreign or international application or by the
Oftfice, and this communication was not received by any individual designated in Sec.
1.56{(c}) more than thirty days prior to the filing of the information disclosure statement.

2. Filing under 37 C.F R. § 1.97(b). This Information Disclosure Statement is being filed
within three months of the date of filing of a national application other than a continued
prosecution application (CPA), OR within three months of the date of entry of the national
stage as set forth in 37 C.FR. § 1.491 in an international application, OR before the mailing

date of a first Office Action on the merits OR before the mailing of a first Office Action

! The term counterpart foreigo patent application means that a claim for priority has been made in
either the U.S. application or a foreign application based on the other, or that the disclosures of the
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the
European Patent Office claiming the same U K. priority as claimed in the U S, application).

Atty. Dkt No. 4123 0110003
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after the filing of a request for continued examunation under 37 CF.R. § 1.114. No statement
or fee is required.

[ 13. Filingunder 37 CFR. § 1.97(c). This Information Disclosure Statement is being filed more
than three months after the U.S. filing date AND after the mailing date of the first Office
Action on the merits, but before the mailing date of a Final Rejection, or Notice of
Allowance, or an action that otherwise closes prosecution in the application.

[ 1a  Statementunder 37 CFR. § 1.97(e)1). I hereby state that each item of information
contained in this Information Disclosure Statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement.
37 CEFR §1.97(ex(1).

[ 1b. Statement under 37 CFR. § 1.97(e}2). I hereby state that no item of information in
this Information Disclosure Statement was cited in a communication from a foreign
patent office in a counterpart foreign application and, to my knowledge after making
reasonable inquiry, was known to any individual designated in 37 CF R, § 1.56(¢)
more than three months prior to the filing of this Information Disclosure Statement.
37 CFR. § 1.97(ex2).

[ 1c. Therequired fee is provided through online credit card payment authorization in the
amount of $0.00 in payment of the fee under 37 CF.R. § 1.17(p).

[14. Filing under 37 CF.R. § 1.97(d) This Information Disclosure Statement is being filed more

than three months after the U.S. filing date and after the matling date of a Final Rejection or

Atty. Dkt No. 4123 0110003
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Notice of Allowance, but on or before payment of the Issue Fee. The required fee is

provided through online credit card payment authorization in the amount of $0.00 in

payment of the fee under 37 CFR. § 1.17(p); in addition:

[ 1a  Statementunder 37 CFR. § 1.97(e)(1). T hereby state that each item of information
contained in this Information Disclosure Staternent was first cited in any
communication from a foretgn patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement.
37 CER. § 1.97(e)(1).

[ b Statementunder 37 CFR. § 1.97(e}(2). T hereby state that no iters of information in
this Information Disclosure Statement was cifed in a2 communication from a foreign
patent office in a counterpart foreign application and, to my knowledge after making
reasonable inquiry, was known to any individual designated in 37 CFR. § 1.56{¢)
more than three months prior to the filing of this Information Disclosure Statement.
37 CFR. § 1.97(ex2).

The patent family for one or more foreign language documents submitted herewith includes

a United States patent, and other patent, in the English language. Copies of both the

particular foreign patent(s) or published foreign patent applications cited in the foreign

patent office communication, and that are not already of record in this application, are
enclosed. Copies of the related United States or other English language patent or published
application from the family list, if not already of record, are listed on the accompanying

SB/OSA form. For the purposes of a statement under 37 CFR 1.97(e)( 1), the United States or

Atty. Dkt No. 4123 0110003
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other Hnglish language patent or published application are to be construed as being cited by
the foreign patent office. MPHEP 609.04¢ (V).
The document{s) was/were cited in a search report by a foreign patent office in a counterpart
foreign application. Submission of an English language version of the search report that
indicates the degree of relevance found by the foreign office is provided in satisfaction of
the requirement for a concise explanation of relevance. MPEP 609.04(a)(1i1}.
A concise explanation of the relevance of the non-English language document(s) appears
below in accordance with 37 CFR.§ 1.98(a)(3).
Document US4 (2013/0203227 A1) is submitted herewith as the English-language
counterpart of document FP1 {CN 102543877 A}
Document US7 (2010/143524 A1) 1s submitted herewith as the English-language
counterpart of document FP7 (KR 1020110068145 A).
Document USS (2016/0163732 A1) is submitted herewith as the English-fanguage
counterpart of document FP16 (KR 1020160069903 A).
Document USHE (10,229,927 B2) is submitted herewith as the English-language counterpart
of document FPY (KR 1020160003977 A).
Document US12 (10,600,301 B2) is submitied herewith as the English-language counterpart
of document FP8 (KR 1020120029194 A).
Document US13 (10,644,020 B2) is submitted is submitted herewith as the English-

language counterpart of document FP6 (CN 105261617 A).

Atty. Dkt No. 4123 0110003
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No copies of foreign patent documents FPI-FP19 and non-patent Hterature documents
NPLI-NPL3 are submitted. In accordance with 37 CF.R. § 1.98(a}23(i1), no copies of the
U.S. patent application publications cited as documents USE-USES on the attached IDS
Form are submitted.

Copies of the FP1-FP18 and NPLI-NPL3 documents were cited by or submitied to the
Office in an IDS that complies with 37 C.F.R. § 1.98(a)-(c) in Application No. 16/046,847,

filed July 26, 2018, which is relied upon for an earlier filing date under 35 U.S.C. § 120.

Thus, coptes of these documents are not attached. 37 CF R § 1 98(d).

. It 15 expected that the examiner will review the prosecution and ciied art in the parent

Application No. 16/046,847 in accordance with MPEP 2001.06(b}, and indicate in the next
communication from the office that the art cited in the earlier prosecution history has been
reviewed in connection with the present application.

In accordance with the Federal Circuit decision in Dayeco Frads., inc. v. {otad Containment,
fne. 329 F3d 1358 (Fed. Cir. 2003}, Applicants submit herewith Office Actions from the co-

pending U.S. Patent Application No. , filed , as

documents to . The identification of these Office Actions is not to

be construed as a waiver of secrecy as to those applications now or upon issuance of the
present application as a patent. The Examiner is respectfully requested to consider the cited

applications and the art cited therein during examination.

Atty. Dkt No. 4123 0110003
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Tt 15 respectfully requested that the Examiner initial and return a copy of the enclosed DS

Forms, and indicaie in the official file wrapper of this patent application that the documents have

been considered.

The U8, Patent and Trademark Office is hereby authorized to charge any fee deficiency, or

credit any overpayment, to our Beposit Account No. 19-0036.

Date:  11/18/2020

1100 New York Avenue, NW.

Washington, D.C. 20005-3934
(202) 371-2600

15726200.1

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOX P.LL.C.
/Donald J. Featherstone/

Donald J. Featherstone

Attorney for Applicant
Registration No. 33,876

Atty. Dkt No. 4123 0110003
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ABSTRACT

Joint opening structures of 3D memory devices and fabricating method are provided.
A joint opening structure comprises a first through hole penetrating a first stacked layer and a
first nsulating connection layer, a first channel structure at the bottom of the first through hole, a
first functional laver on the sidewall of the first through hole, a second channel structure on the
sidewall of the first functional laver, a third channel structure over the first through hole, a
second stacked laver on the third chanuel structure, a second mnsulating connection layer on the
second stacked layer, a second through hole penetrating the second stacked laver and the second
msulating connection layver, a second functional layver disposed on the sidewall of the second
through hole, a fourth charmel structure on the sidewall of the second functional layer, and a Gfth

channel structure over the second through hole.

18767384.1
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WHAT IS CLAIMED 1§

1. A method of forming a joiut opening structure in a three~dimensional (3D) memory
device, comprising:

formung a first stacked layer on a substrate;

formang a first through hole penetrating the first stacked layer 1o expose the substrate;

forming a first channel structure at a bottom of the first through hole and in contact with
the substrate;

forming a second channel structure tn the first through hole and in contact with the first
channel structure;

forming a third channel structure above the first through hole and in contact with the
second channel structure, wherein a size of the third channel siracture along a lateral direction 15
targer than a top aperture of the first through hole;

forming a second stacked layer over the third channel structure;

forming a second through hole penetrating the second stacked layer 1o expose the third
channel structure;

forming a fourth channel structure in the second through hole and n contact with the third
channel structure; and

forming a fifth channel strocture above the second through hole and 1n contact with the

fourth channel structure,

2. The method of claim 1, wherein:
the first stacked layver includes a first number of oxide/mitride layer pairs; and
the second stacked layer includes a second number of oxide/mitride layer pairs.
3. The method of claim 2, wherein:
the first mumber and the second number are not tess than 32.
4. The method of claim 1, further comprising:

forming a first functional layer between a sidewall of the first through hole and the
second channel structure; and
forming a second functional layer disposed between a sidewall of the second through hole

and the fourth channel structure.
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5. The method of claim 4, wherein forming the first functional layer comprises:

forming a frst tunnehing layer on the sidewall of the first through hole and the exposed
surface of the first channel structure, wherein the first tunneling layer is configured, in operation,
to generate charges;

formang a first storage layer on the surface of the first tunneling layer to store the charges
generated by the first tunneling layer;

forming a first barrier layver on the surface of the first storage laver to block the outflow of
charges in the first storage laver;

forming a first passivation laver on the surface of the first barrier layer fo protect the turst
barrier layer from being damaged in a subsequent removal process; and

removing portions of the fivst passivation layer, the fivst barrier layer, the first storage
laver, and the first timneling laver oun the surface of the first channel structure, wherein remaining
portions of the first passivation layer, the first barrier layer. the first storage layer, and the first

tunneling layer on the sidewall of the first through hole to form the first functional layer.

6. The method of claim 3, wherein forming the second chaunnel structure coruprises:

forming a second channel layer that covers the sidewall of the first passivation layer and
the exposed surface of the first channel layer;

formang a first filling laver that covers the surface of the second channel laver;

removing a portion of the first flling laver to form a first filling structure, wherein the top
surface of the first filling structure is lower than the top surface of the first insulating connection
laver; and

removing a portion of the second channel fayer to form the second chamel structure,

7. The method of claim 1, wherein forming the third channel structre comprises:

formung a first insulating connection layer on the first stacked iayer to cover the first
through hole;

eiching the first insulating connection laver to form a first groove to expose the first
through hole;

forming a third charmel laver in the first groove, wherein the third channel layeris in
contact with the second channel structure; and

planarizing the top surfaces of the first insulating connection laver and the third channel
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layer to form the third channel structure.
8 The method of claim 1, wherein forming the third channel structure comprises:

forming a first inswlating connection layer on the first stacked layer to cover the first
through hole;

etching the first insulating connection laver and at least a portion of a top vitnde layer of
the first stacked layer to form a first groove to expose the first through hole;

forming the third channel stracture in the first groove, wherein the third channel structure
i3 in contact with the second channel structare; and

planarizing the top surfaces of the first insulating connection layer and the third channel

structure.

9, The roethod of claim 4, wherein forming the fourth channel structure compnises:

forming a fourth channel layer that covers the sidewall of a second functional layer and
the exposed surface of the third channel layer;

forming a second filling layer that covers the sarface of the fourth channel layer;

removing a portion of the second fithing layer to form the second filling structure, wherein
the top surface of the second filling structure 1s lower than the top surface of the second
insulating connection layer; and

removing a portion of the fourth channel laver to form the fourth channel structure,
wherein a top surface of the fourth channel structure is lower than a top surface of the second

insulating connection layer.

10, The method of claim 1, wherein forming the fifth channel structure comprises:

forming a second insulating connection laver on the second stacked layer to cover the first
through hole:

etching the second insulating connection laver to form a second groove (o expose the
second through hole;

forming a fifth channel laver in the second groove, wherein the fifth charmmel layer is in
contact with the fourth channel structure; and

planarizing the top surtaces of the second msulating connection layer and the fifth

channel laver to form the fifth channel structure.
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11, A joint opening structure of a three-dimensional (3D} memory device, comprising;

a first through hole penetrating a first siacked laver along a vertical direction;

a first chanmel structure disposed at the bottorn of the first through hole;

a second channel structure in contact with the first channel structure disposed in the first
through hole;

a third channel structure n contact with the second chanuel structure disposed over the
first through hole, wherein a size of the third channel structure along a lateral direction is larger
than a top aperture of the first through hole;

a second stacked fayer disposed on the third channel structure;

a second through hole penetrating the second stacked layer along the vertical direction;

a fourth channel structure in contact with the third channel structure disposed m the
second through hole;

a {ifth channel structure in contact with the fourth channel structure disposed over the

second through hole,

12. The joint opening siructure of claim 11, further comprising:

a first functional laver disposed between a sidewall of the first through hole and the
second channel siructure; and

a second functional layer disposed between a sidewall of the second through hole and the

fourth channel structure,

13. The joint opening structure of claim 11, further comprising;
a first filling structure covering the surface of the second chanvel structure; and
a second flling structure covering the surface of the fourth channel structure;

wherein the first through hole is non-interconnected with the second through hole.

i4. The joint opening structure of claim 11, further comprising:
a first filling structure covering the surfaces of the second channel structure and the fourth
channel structure;

wherein the first throngh hole 13 interconmected with the second through hole.

15. The joint opening structure of claim 11, wherein:

the first stacked layer includes a first number of conductor/dielectric laver pairs;
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the second stacked layer includes a second number of conductor/dielectric layer pairs; and

the {irst number and the second number are not Jess than 32.

The joint opening structure of claim 11, wherein:

a thickness of the third channel stracture is in a range between 30nm and 70nm.

The joint opening structure of claim 11, wherein:

a size difference between the top aperture and a bottom aperture of the first through hole

i3 equal to or less than 30nm; and

a size difference between a top aperture and a botiom aperture of the second through hole

is equal to or less than 30nm.

i8.

laver;

19

A joint opening structure of a three-dimensional (3D} memory device, comprising:
a first stacked layer disposed on a substrate;
a second stacked fayer disposed on the first stacked layer; and

a plurality of channel structures penetrating the first stacked layer and the second stacked

wherein each of the plurality of channel structures includes:

a first through hole peneirating the first stacked fayer.

a first channel structure disposed at the bottom of the first through hole and in
contact with the substrate,

a second channel structure disposed in the first through hole and in contact with
the first chanwel structure,

a third channel structure disposed over the first through hole and in contact with
the second channel structure;

a second through hole penetrating the second stacked laver,

a fourth chamnel structure disposed n the second through hole and in contact with
the third chanuvel structure, and

a fifth channel structure disposed over the second through hole and in contact with

the fourth channel siructure.

The joint opening structure of claim 18, wherein each of the plurality of channel

structures further includes:
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a first functional layer disposed between a sidewall of the first through hole and the
second channel structure; and
a second functional layer disposed between a sidewall of the second through hole and the

fourth channel siructure.

20, The yoint opening structure of claim 18, wheren:

a thickness of the third channel structiwe is in a range between 30nm and 70nm.
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JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME

CROSS-REFERENCES TO RELATED APPLICATIONS

6661} This application is a continuation application of U.S. Patent Applicalion No.
16/046,847 filed on July 26, 2018, which claims prionty to PCT/CNZ018/077785 filed on
March 1. 2018, which claims the prorities of Chinese Patent Application
No. 2017101347821, filed on March 8, 2017, and Chinese Patent Application
No. 2017101347836, filed on March 8, 2017, the entire contents of which are

mcorporated herein by reference.

TECHNICAL FIELD

3062} The present disclosure generally relates 1o the field of semiconductor technology,
and more particudarly, to joint opening structures of three-dimensional (3D} memory

devices and method for forming the same.

BACKGROUND

6063] As senmiconductor technology advances, three-dimensional (3D) memory devices,
such as 3D NAND memory devices, keep scaling more oxide/nitnide {ON) layers.
As such, it becomes difficult to use a single eiching process to form the charmel holes in
the 3D memory devices that have a substantial depth. As the channel hole aspect ratio
increases, channel hole etching becomes exponentially slower. Further, the process
capabibity control of the formed channel holes, including bow-free, siraight profile,
crifical dimension (CD) wniformaty, manimal twisting, etc., tend to be more challenging.

Thus, a single etching method may not be efficient in both cost and process capability.

BRIEF SUMMARY

6064} In accordance with some embodiments of the present disclosure, joint opening
structures of three~dimensional (3D) memory devices and method for forming the same

are provided.
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LEHEY: One aspect of the present disclosure provides a method of forming a joint opening
structure in a three-dimensional (313 memory device. The method includes forming a
first stacked layer and forming a first msulating connection layer on the first stacked
layer, forming a first through hole that penetrates the first stacked layer and the first
msulating connection laver, forming a first chanuel siructure overlay the surface of the
substrate that 15 exposed by the first through hole, forming a first functional laver on the
sidewal! of the first through hole, forming a second channel structure and forming a first
filling structure on the sidewall of the first functional layer and the exposed surface of the
first channel structure, and forming a third channel structure in contact with the second
channel structure above the first through hole. A projection of the third chanuel structure
on the substrate covers a projection of the first through hole on the substrate. The method
further includes forming a second stacked laver and forming a second insulating
connection laver on the first insulating conmection laver, forming a second through hole
that penetrates the second stacked layer and the second insulating connection layer. A
projeciion of the second through hole on the substrate at least partially overlaps with the
projeciion of the first through hole on the substrate. The method further includes forming
a second functional laver on the sidewall of the second through hole, formung a fourth
channel structure and formung a second fitling structure on the sidewall of the second
functional layver and the exposed swrface of the third channel structure, and forming a fifth
channel structure i contact with the fourth channel structure above the second through
hole.

{6006} In some embodiments, the first stacked layer includes a first number of
oxide/nitride layver pairs, and the second stacked laver includes a second number of
oxide/niinide layer pairs. The first nursber and the second number are vot less than 32,

6067} Forming the first functional layer includes forming a first funneling layer on the
sidewall of the first through hole and the exposed surface of the first channel structure.
The first inneling layer is configured, in operation, to generaie charges. Forming the
first functional further inclodes fornung a first storage laver on the surface of the first
tunneling layer to store the charges generated by the first tunneling laver, forming a first
barrier layer on the surface of the first storage layer to block the outflow of charges in the
first storage layer, formang a first passivation layer oo the swrface of the first barrier layer
to protect the first barrier layer from being damaged in a subsequent removal process, and
removing portions of the first passivation layer, the first barrier layer, the first storage
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fayer, and the first tunneling laver on the surface of the first channel structure. The
remaining portions of the first passivation layer, the first barrier layer, the first storage
tayer, and the first tunneling laver on the sidewall of the first through hole form the fust
functional laver.

[B008] Forming the second channel structure and the first filling strocture inchades
formang a second channel laver that covers the sidewall of the first passivation laver and
the exposed surface of the first channel laver, forming the first filling laver that covers the
surface of the second channel layer, removing a portion of the first filling layer to form
the first filling structure, wheren the top surface of the first filling stracture is fower than
the top surface of the fust msulating convection laver, and removing a portion of the
second channel layer to form the second channel structure. A top surface of the second
channel structare 1s lower than a top surface of the {irst insalating connection layer.

(3088 Forming the third channel structure includes eiching the first insulating connection
faver to form a first groove. In some other embodiments, forming the third channel
structure includes etching the fisst insulating connection layer and at least a portion of the
top nitride laver of the first stacked layer to form a first groove. A projection of the first
groove on the substrate covers the projection of the first through hole on the substrate.
Forming the third channel structure further includes forming a third channel layer in the
first groove, wherein the third channel laver is in contact with the second channel
structure, and planarizing the top surfaces of the first msulating connection layver and the
thard charmel laver to form the thurd channel structure.

{6618} In some embodiments, the method further includes forming a first mask layer
overlaving the first insulating connection layer before forming the fivst through hole, and
removing the first mask layer after forming the third channel structure, and forming a
second mask laver on the second insulating connection laver before forming the second
through hole, and removing the first mask laver after forming the fifth channel structure

6811} Forming the fourth channel structure and the second filling structure inchades
formang a fourth channel laver that covers the sidewall of the second functional layver and
the exposed surface of the third channel layer, forming a second filling layer that covers
the surface of the fourth channel laver, removing a portion of the second filling layer to
form the second filling structure, and removing a portion of the fourth channel layer to
form the fourth channel structure, wherein a top surface of the fourth channel structure is

fower than a top swrface of the second insulating connection layer. A top surface of the
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second filling structure is lower than the top swrface of the second insulating connection
fayer.

16012} Forming the fifth chaonel structure includes etching the second msulating
connection laver io form a second groove, forming a fifth channel layer in the second
groove, wherein the fifth channel laver is in contact with the fourth channel structure, and
planarizing the top surfaces of the second nsulating connection layer and the fifth
channel layer to form the fifth channel structre. A projection of the second groove on
the substrate covers the projection of the second through hole on the substrate.

6613} Another aspect of the present disclosure provides another method of forming a
joind opening structure in a three-dumenstonal (313) memory device. The method includes
forming a first stacked layer and forming a first insulating connection layer on a substrate
of the 3D memory device. The 3D memory device includes a first region for forming a
plurality of channel holes, a second region for forming a plurality of staircase siructure
dummy holes, and a third region for forming a plurality of through array contact barriers.
The method further includes forming a plurality of first through holes, each penetrating
the first stacked laver and the first insulating connection layer in the first region, the
second region, and the third region, forming a first channel structure overlaying the
surface of the substrate in each first through bhole, forming a first functional layer on the
sidewal} of each first through hole, forming a second channel structure and forming a first
filling structure on the sidewall of the first functional layer and the exposed swrface of the
first channel structure in each first through bole, forming a third channel structure in
contact with the second channel structure above each first through hole. A projection of
the third channgl structure on the substrate covers a projection of the corresponding first
through hole on the substrate. The method further includes formung a second stacked
fayer on the first insulating connection layer. forming a second insulating connection
fayer on the second stacked layer, forming a phwrality of second through holes, each
penetrating the second stacked layer and the second insulating connection layer. A
projection of each of the plurality of second through holes on the substrate at least
partially overlaps with the projection of the corresponding first through hole on the
substraie. The method further includes forming a second functional fayer on the sidewall
of each second through hole, formung a fourth chanvel structure and forming a second
filling structure on the sidewall of the second functional laver and the exposed surface of

the third channel structure in each second through hole in the first region, and forming a
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second filling structure on the sidewall of the second functional layer in each second
through hole in the second region and the third region, and forming a fifth chamnel
structure above each second through hole i the first region, the second region, and the
third region. Each fifth channel structure is in contact with the corresponding fourth
channel structure in each second through hole in the first region.

0014} Forming the fourth channel structure and the second filling structure 1ocludes
forming a fourth channel layer that covers the sidewall of the first passivation layer and
the exposed surface of the third channel layer, forming a third filling layer that covers the
surface of the fourth channel laver, forming a third mask laver that covers the third filling
fayer n the first region, and using the third mask laver as a mask to remove the third
filling layer in the second region and the third region, removing the third mask layer;.
using the third filling laver in the first region as a mask {o remove the fourth channel layer
in the second region and the third region, forming a fourth filling layer on the surface of
the second functional laver in the second region and the third region, removing the third
filling layer in the first region, forming a second filling layer in each second through hole
iy the first region, the second region, and the third region, removing a portion of the
second filhng laver to forro the second flling structure 1o each second through hole, and
removing a portion of the fourth channel laver to form the fourth channel siructure in
each second through hole. The top surface of the second filling structure is lower than the
top surface of the second insulating comnmection layer, and the top surface of the fourth
channel structure is lower than the top surface of the second insulating cornection layer.

6615} Angther aspect of the present disclosure provides annother method of forming a
joint opening structure i a three-dimensional (3D memory device. The method includes
forming a first stacked layer and formung a first jnsulating connection laver on a substrate,
forming a first through hole that peneirates the first stacked laver and the first insulating
connection layer, forming a first channel struchwre overlay the surface of the substrate that
is exposed by the first through hole, forming a first fumctional layver on the sidewall of the
first through hole, formung a second channel on the sidewall of the first functional layer
and the exposed surface of the first channel structure, forming a third channel structure in
contact with the second channel structure above the first through hole. A projection of
the third channel structure on the substrate covers a projection of the first through hole on
the substrate. The method further includes forming a second stacked layer and forming a

second insulating connection laver on the third channel structre, forming a second
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through hole that penetrates the second stacked layer and the second insulating
connection layer. A projection of the second through hole on the subsirate at least
partially overaps with the projection of the first through hole on the substrate. The
method further includes forming a second functional layver on the sidewall of the second
through hole, removing portions of the second functional laver and the third channel
structure at the bottorn of the second through hole to interconnect the second through hole
and the first through hole to form a joint through hole, removing the remaining portion of
the third chamnel structure and the second channel structure, forming a fourth channel
structure in contact with the first channel structure on the sidewall of the joint through
hole and the exposed surface of the first insulating conmection layer, forming a first filling
structure that covers the surface of the fourth channel structure, and forming a fifth
channel structare 1n contact with the fourth channel structure above the joint through hole.
6816} Another aspect of the present disclosure provides another method of forming a
joint opening structure in a three-dimensional (3D} memory device. The method mcludes
forming a first stacked layer and forming a first insnlating connection layer on a substrate
of the 3D memory device. The 3D memory device includes a first region for forming a
plorality of channel holes, a second region for formung a plurality of staircase structure
dummy holes, and a third region for forming a plurality of through array contact barriers.
The method further includes forming a plurality of first through holes, each penetrating
the first stacked laver and the first insulating connection laver in the first region, the
second region, and the third region, forming a first channel structure on the surface of the
substrate in each first through hole, forming a first functional laver on the sidewall of
gach first through hole, forming a second channel structure on the sidewall of the firsi
functional laver and the exposed surface of the first channel structure in each first through
hole, forming a third channel structure in contact with the second channel structure above
each first through hole. A projection of the third channel structure on the substrate covers
a projection of the corresponding first through hole on the substrate. The method further
mcludes formung a second stacked laver and forming a second msulating connection layer
on the plurality of third channel structures, forming a plurality of second through holes,
each penetrating the second stacked layer and the second insulating conmection layer. A
projection of each of the plurality of second through holes ou the substrate at least
partially overlaps with the projection of the corresponding first through hole on the

substrate. The method further includes forming a second functional layer on the sidewall
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of each second through hole, removing portions of the second functional layer and the
third channel structure at the botiom of each second through hole {o mterconnect the
second through hole and the corresponding first through hole to form a plurality of joint
through holes, removing the remaining portions of the third channel structure and the
second channel structure in each joint through hole, forming a fourth channel structure in
contact with the first channel structure ou the sidewall of each joint through hole and the
exposed surfaces of the first insulating connection layer, fornung a first filling structure
that covers the surface of the fourth channel structure in each joint through hole, and
forming a fifth chanvel siructure above each joint through hole 1 the first region, the
second region, and the third region. Each fifth channel structure is in contact with the
corresponding fourth charmel structure in each joint through hole in the first region.
6017} Another aspect of the present disclosure provides a joint opening siructure of a
three~dimensional (3D} memory device, including a fst stacked laver disposed
overlaying a substrate, a first nsulating connection layer disposed on the first stacked
fayer, a first through hole penetrating the first stacked layer and the first insulating
connection layer, a first channel structure disposed at the bottom of the first through hole
and overlaying the surface of the subsirate, a first functional layer disposed on the
sidewall of the first through hole, a second channel structure in contact with the first
channel structure disposed on the sidewall of the first functional laver, a third channel
structure in contact with the second channel structure disposed over the first through hole.
A projection of the third channel structure on the substrate covers a projection of the first
through hole on the subsirate. The joint opening structure further includes a second
stacked fayer disposed on the third channel struchure, a second imsulating connection layer
disposed on the second stacked layer. A second through hole penetrating the second
stacked laver and the second insulating connection layer. A projection of the second
through hole on the substrate at feast partially overlaps with the projection of the first
through hole on the substrate. The joint opeming structure further includes a second
functional layer disposed on the sidewall of the second through hole, a fourth channel
structure in contact with the third channel structure disposed on the sidewal! of the second
functional laver, and a fifth channel structure 1 contact with the fourth channel structure

disposed over the second through hole.
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6618} In some embodiments, a first filling structure covers the swrface of the second
channel structure, and a second filling structure covers the surface of the fourth channel
structure. The first through hole 15 non-interconnected with the second through hole.

6019 in some other embodiments, a first filling siructure covers the surfaces of the
second channel structure and the fourth channel structure. The firsi through hole is
interconnected with the second through hole.

6020} In some embodiments, the first stacked layer includes a first number of
conductor/dielectric layer pairs, and the second stacked laver includes a second number of
conductor/dielectric layer pairs.

[6621] In some other embodiments, the {irst stacked layer mncludes a first number of
oxide/nitride layer pairs, and the second stacked layer includes a second number of
oxide/mitride layer pairs. The first number and the second nomber are not less than 32,

(6622} A thickness of the third channel structure 1s in a range between 30nm and 70nm.
A size difference between a top aperture and a bottom aperture of the first through hole is
equal 1o or less than 30nm. A size difference between a top aperture and a bottom
aperture of the second through hole is equal {0 or less than 30nm.

[6023] Avother aspect of the present disclosure provides a three-dimensional (3D)
memory device, including a first stacked laver disposed on a subsirate. a first insulating
connection layer disposed on the first stacked laver, a second stacked layer disposed on
the first insulating connection layver, a second nsulating connection laver disposed on the
second stacked laver, a plurality of chamnel heles 1o a first region of the 3D memory
device, a plurality of staircase structure dummy holes in a second region of the 3D
memory device, and a plurality of through array contact barriers in a third region of the
3D memory device. Each of the plurality of channel holes includes the disclosed jont
opening structure,

6024} Other aspects of the present disclosure can be undersiood by those skilled in the

art in light of the description, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

6025] Various objectives, features, and advantages of the present disclosure can be more
fully appreciated with reference to the detailed description of the present disclosure when

considered in contact with the following drawings, in which like reference numerals
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wdentify like elements. It is noted that the foliowing drawings are merely examples for
iustrative purposes according to various disclosed embodiments and are not intended to
it the scope of the present disclosure.

6026} FIGs. 1-22 iHustrate schematic structural cross-sectional diagrams of an
exemplary joint opening structure of three-dimensional (3D3) memory device at certain
stages of a fabricating process in accordance with some ershodiruents of the present
disclosure;

6627} FIGs. 23A and 23B illustrate schematic flow diagrams of an exemplary
fabricating process for formung a joint opemng structwe of three-dimensional 3D}
merory device are dlustrated in accordance with some embodimenis of the present
disclosure;

[6028] FIGs. 24-49 illustrate schematic siractural cross-sectional diagrams of another
exemplary joint opening structure of three-dimensional (313) memory device at certain
stages of ancther fabricating process in accordance with some embodiments of the present
disclosure;

(6629} FIGs. 50A and SOB illustrate schematic flow diagrams of another exemplary
fabricating process for formung a joint opeming structure of three-dimensional (3D)
mermory device are illustrated in accordance with some embodimentis of the present
disclosure;

[6030] FIGs. S1-73 ilustrate schematic siractural cross-sectional diagrams of another
exemplary joint opening structure of three-dimensional (313) memory device at certain
stages of another fabricating process in accordance with some embodiments of the present
disclosure;

6631} FiGs. 74A and 748 illustrate schematic flow diagrams of another exemplary
fabricating process for formuing a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

6832} FIGs. 75-102 illustrate schematic structural cross-sectional diagrams of another
exemplary joint opening structure of three-dimensional (3D) memory device at certain
stages of another fabricating process in accordance with some embodiments of the present
disclosure;

[6633] FiGs. 103A and 103B illustrate schematic flow diagrams of another exemplary

fabricating process for forming a joint opening stmcture of three-dimensional (3D)
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memory device are illustrated in accordance with some embodiments of the present
disclosure.
16034} Embodiments of the present disclosure will be described with reference to the

accompanying drawings.

DETAILED DESCRIPTION

6035} Reference now be made in detal {o exemplary embodiments of the invention,
which are illustrated in the accompanying drawings in order to understand and implement
the present disclosure and to realize the technical effect. It can be understood that the
following description has been made only by way of example, but not to limit the present
disclosure. Various embodiments of the present disclosure and various features in the
erobodirnents that are not conflicted with each other can be corobined and rearranged in
various ways. Without departing from the spirit and scope of the present disclosure,
modifications, equivalents, or improvements to the present disclosure are understandable
to those skilled in the art and are intended to be encompassed within the scope of the
present disclosure.

3336] it is noted that references in the specification to “one embodiment”
“an embodiment,” “an example embodiment,” “some embodiments,” etc., ndicate that
the embodiment descrnibed 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 ernbodiment.
Further, when a particular feature, structure or characteristic is described in contact with
an embodiment, 1t would be within the knowledge of a person skilled in the pertinent art
to effect such feature, structure or characteristic i contact with other embodiments
whether or not explicitly described.

{0837} in general, termunology may be understood at least n part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon
context, may be used to describe any feature, siructure, or characteristic in a singuiar
sense or may be used to describe combinations of {eatures, structures or characteristics in

EEREAS

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

context.
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6038} 1 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 alse includes the meaming of “on” something
with an intermediate feature or a laver therebetween, and that “above” or “over” not only
means the meaning of “above” or “over” something buf can also include the meamng i1
“above” or “over” something with no mtermediate feature or laver therebetween (e,
directly on something}.

{6639} 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 1 the figures.
The spatially relative terms are intended to encormpass different orientations of the device
in use or operation 1y addition to the orientation depicted in the figures. The apparatus
may be otherwise oniented (rotated 90 degrees or at other orieniations) and the spatially
relative descriptors used herein may likewise be interpreted accordingly.

(6040} As used herein, the term “substrate” refers to a material onto which subsequent
material layers are added. The subsirate iiself can be patterned. Materials added on top
of the substrate can be patterned or can remain unpatierned. Furtherroore, the substrate
can inchude a wide array of semiconductor materials, such as silicon, germamium, gallium
arsenide, indium phosphide, ete.  Alternatively, the substrate can be made from
an electrically non-conductive material, such as a glass, a plastic, or a sapphire wafer,

0041} As used herein, the terra “layer” refers to a matenial portion including a regiou
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 underlving or overlving
structure.  Further, alaver can be a region of a homogeneous or imhomogeneous
continuous structure that has athickness 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
fayer, can include one or more layers therein, and/or can have one or more layer
thereupon, thereabove, and/or therebelow. A laver can include multiple layers. For
exarople, an inderconnect layer can include one or more conductor and contact layers (in
which contacts, interconnect lines, and/or through holes are formed) and one or more

dielectric layers.
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6042} 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
befow the desired value. The range of values can be due to slight variations in
manufacturing processes or tolerances.  As used herein, the term “about” imndicates the
value of a given quantity that can vary based on a particular technology node associated
with the subject semiconductor device. Based on the particular technology node, the term
“about” can indicate a value of a given quantity that varies within, for example, 10-30%
of the value {e.g., +10%, £20%, or £30% of the value).

16043} In accordance with some embodiments of the present disclosure, joind opening
structures of three-dimensional (30) memaory devices and method for forming the same
are provided to reduce the process difficully and cost of the channel hole structures in 3D
memory devices.

0044} As used herein, the term “3D memory device” refers to a senuconductor device
with vertically oriented strings of memory cell transistors {referred to herein as “memory
strings,” such as NAND strings) on a laterally-oriented substrale so that the memory
sirings extend in the vertical divection with respect to the substrate.  As used herein, the
term “vertical/vertically” means nominally perpendicular to the lateral surface of

>

a substrate, while the term “horizontal/horizontally”™ means nominally parallel to the
lateral surface of a substrate.

[(3045] Referring to FIGs. 23A and 23B, schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structiwe of three-dimensional (3D)
memory device are illustrated in accordance with some embodimenis of the present
disclosure. And FIGs. 1-22 illustrate scheroatic structural cross-sectional diagrams of an
exemplary joint opening structure of three-dimensional (3D} memory device at certain
stages of the fabricating process shown in FIGs. 23A and 23B.

3046} As shown in FIG. 23A, at 5101, a first stacked layer 2 and a first insulating
connection laver 3 can be sequentially formed on the surface of a substrate 1.

6647} As shown in FIG. 1, the first stacked laver 2 can be formed on the substrate 1.
The first stacked layer 2 can include a plurality of oxide/niiride tayer pairs. The plurality
of oxide/mitride layer pairs are also referred o herein as an “alternating oxide/nitride
stack.” That is, in the first stacked laver 2, multiple oxide lavers (shown in the areas with

dotesy and multiple nitride layers (shown in the areas with meshes) alternate in a vertical
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direction. In other words, except a top and a bottom laver of a given stack, each of the
other oxide layers can be sandwiched by two adjacent miride lavers, and each niinde
tayer can be sandwiched by two adjacent oxide layers.

[6048] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be m a range {rom S0om to 160nm,
preferably about 130um. Simularly, nitnide lavers can each have the same thickness or
have different thicknesses. For example, a thickness of each nitride layer can be in a
range from 80nm to 110nm, preferably about 100nm.

6049} I 1s noted that, in the present disclosure, the oxide fayers and/or nitride Jayers can
mclude any suttable oxide materials and/or nuiride materials. For example, the element of
the oxide materials and/or nitride materials can include, but not limited to, W, Co, Cu, Al
doped silicon, silicides, or any combination thereof  In some embodiments, the oxide
layers can be silicon oxide lavers, and the nitride layers can be silicon nitride laver.

G050} The first stacked layer 2 can include any suitable number of lavers of the oxide
fayers and the nitride layers. In some embodiments, a total number of layers of the oxide
fayers and the nitride layers in the first stacked layer 2 18 equal to or larger than 64. In
some ersbodirsents, altermating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

6081} The first insulating connection layer 3 can be formed on the first stacked layer 2.
in some embodiments, the first insulating connection laver 3 can be made by any suitable
insulating material and/or dieleciric material, such as silicon oxide. It is noted that, the
material of the first insulating connection laver 3 can be different from the material of the
ninide laver in the first stacked layer 2.

6052 Further, in some embodiments, a first mask layer 4 can be formed on the top
surface of the first insulating connection layer 3. The first mask layer 4 can include a
nitride layer on the top swiace of the first msulating connection laver 3, and an oxide
laver on the top surface of such niinde layer.

[G653] In some embodiments, the first stacked laver 2, the first insulating connection
fayer 3, and/or the first mask laver 4 can be formed by using one or more deposition
processes. {t 1s noted that, the term “deposition process” used in the present disclosure

can be referred to anv suitable depostiion process including, but not limited to, a chemical
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vapor deposition (CV D) process, a physical vapor deposition (PYD) process, an atomic
fayer depostiion (ALD) process, and/or any sutiable combination thereof

[6654] At 5102, a first through hole S can be formed. As shown i FIG. 1, the first
through hole 5 can completely penetrate the first stacked layer 2 and the first insulating
connection laver 3, and can extend into the surface of the substrate 1.

[B38S] in soroe embodiments, the first through hole 5 can be formed by etching the first
stacked layer 2 and the first insulating connection layer 3 and a subsequent cleaning
process. The etching process to form the first through hole 5 can be a wet etching, a dry
giching, or a combination thereof.

6056} In some embodiments, when the first roask laver 4 1s formed on the top surface of
the first insulating connection laver 3, the etching process also etch the first mask layer 4
to form the first throngh holes 5.

(30871 AL 8103, a first channel structure 6 can be formed on the surface of the substrate 1
that 1s exposed by the first through hole 5, as shown in FIG. 2. In some embodiments, the
first channel structure 6 can be a polycrystalline silicon {polysilicon) layer formed by
using a selective epttaxial process.

(6658} In some embodiments, the first channel structure 6 may not directly formed on the
surface of the substrate 1. One or more layers can be formed between the first channel
structure 6 and the substrate 1. That s, the first channel structure 6 is overlay the
substrate 1.

THESH At 8104, a first funclional layer can be formed on the sidewall of the first through
hole 5. The first fimctional layver can include a first tunneling layer 7, a first storage layer
8, a first barrier layer 9, and a first passivation layer 10,

6066} As shown in FIG. 3, the first turneling laver 7 can be formed on the sidewall of
the first through hole 5 and the top surface of the first channel structure 6. The first
tunneling laver 7 can be used for generating electronic charges {electrons or holes). In
some embodiments, the first tunneling layer 7 can be an oxide laver formed by using a
deposition process.

0661} The first storage layer 8 can be formed on the surface of the first tunneling layer 7.
The first storage laver 8 can be used for stoning electrome charges. The storage or
removal of charge i the fust storage laver 7 can impact the on/off state and/or a

conductance of the senmuconductor channel. The first storage laver 7 can include
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polycrvstaliine silicon {polysilicon) or silicon nitride. In some embodiments, the first
storage layver 8 can be a nitride layer formed by using a deposition process.

6062} The first barrier layer 9 can be formed on the surface of the first storage layer 8.
The first barrier layer 9 can be used for blocking the outflow of the electronic charges
stored in the first storage laver 8. In some embodiments, the first barrier fayer 9 can be a
sthicon oxide layer or a combination of silicon oxide/silicon nitride/silicon oxide (ONO)
fayers. In some embodiments, the first barner layer 9 includes high dielectric constant
(high-k} dielectrics (e.g., alunminum oxide}. In one example, the first barrier layer 9 is
an oxide layer formed by using a deposition process.

16063} As shown in FIG. 4, a first passivation layer 10 can be formed on the surface of
the first barrier layer ©. The first passivation layer 10 can be used for protecting the first
barrier layer ¢ from being damaged in 3 subsequent removal process. In some
ermnbodiments, the first passivation laver 10 can be an amorphous silicon layer formed by
using a deposition process.

(6064} The portions of the first passivation layer 10, the first barnier layer 9, the first
storage laver 8 and the first tunneling laver 7 located on the top surface of the first
channel structure 6 on the bottorn of the first through bole 5 can be removed. o soroe
embodiments. the removal process can include an etching process and a cleaning process.
As such, the first functional layer can be formed on the sidewall of the first through hole
3.

[3065] in some embodiment, in the same removal process, the first barrier layer 9,
the first storage layer 8, the first tunneling layer 7, and the oxide laver of the first mask
fayer 4 focated on the surface of the mitride layer of first mask layer 4 can also be
removed. As such, the nitride layer of first mask laver 4 s rervained on the surface of the
first insulating connection layer 3.

6066} At 8103, a second channel structure and a first filling structure can be sequentiatly
formed on the sidewall of the first functional layer and the exposed surface of the first
channel structure 6. The surfaces of the second channel structure and the first filling
structure can be lower than the surface of the first insulating connection layer 3.

6667} As shown in FIG. 5, a second channel layer 11 can be formed to cover the
sidewall of the first passivation layer 10, the botiom surface of the first through hole 5.
The second channel laver 11 can also cover the top surface of the firsi insulating

connection layer 3, or cover the top surface of the nitride laver of the first mask laver 4.
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in some embodiments, the second channel faver 11 can be an amorphous sificon layer
formed by using a deposition process.

6068} As shown 1n FIG. 6, a first filling laver 12 can be formed 1o cover the second
channel laver 11 and fill the first through hole 5. In some embodiments, the first filling
laver 12 can be an oxide laver formed by using a deposition process. In some
ernbodirnents, the first filling laver 12 can include one or more airgaps.

[0G669] As shown in FiGs. 7A and 78, a portion of the first filling laver 12 can be
removed, so that the top surface of the first filling layer 12 can be lower than the top
surface of the first insulating connection laver 3. As such, the remaining portion of the
first filling layer 12 in the first through hole § can form the first filling structure. In soroe
embodiments, the portion of the first filling laver 12 can be removed by using an etching
process. 1t 1s noted that, the term “etching process™ used in the present disclosure can be
referred to any suitable etching process including, but not limmt to, a wel etching, a dry
etching, or a combination thereof

{6076} In some embodiments, as shown in FIG. 7A, the top surface of the first filling
tayer 12 can be higher than the top surface of the second stacker layer 2. For example,
the top surface of the first filling laver 12 can be 20nm to 40nm higher than the top
surface of the top nitride laver of the second stacker layer 2. Preferably, the top surface
of the first filling layer 12 can be about 30nm higher than the top surface of the top nitride
laver of the second stacker laver 2.

{30711 in some alternative embodimenis, as shown in FIG. 7B, the top surface of the first
filling laver 12 can be lower than the top surface of the second stacker laver 2.
For example, the top surface of the first filling laver 12 can be 30nm to 40nm lower than
the top surface of the top nitride layer of the second stacker layer 2. Prelerably, the top
surface of the first filling laver 12 can be about 35nm lfower than the top swrface of the top
nitride layer of the second stacker layer 2.

6872} As shown in FIGs. 8A and 8B, a portion of the second channel layer 11 can be
removed, such that the surface of the second chanmel layer 11 is lower than the fivst
msilating connection laver 3. The remaining portion of the second channel layer 11 can
form the second channel strocture that 13 in contact with the first channel structure 6. In
some embodiments, the portion of the second channel laver 11 can be removed by using

an etching process.
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6673} It is noted that, in various embodiments, the top surface of the second channel
structure can be higher or lower than the top surface of the first stacked laver 2.
However, the top surface of the second channel structure is not lower than the top surface
of the top oxide layer in the first stacked layer 2. In some embodiments, the top surface
of the second channel structure can be higher than the top nitnde laver in the first stacked
layer 2, as shown m FIG. 8A. In some alternative embodiments, the top surface of the
second channel structiwe 1s in a same plane of the top surface of the top oxide layer in the
first stacked layer 2, as shown in FIG. 8B.

16074} At 8106, a first groove can be formed in the {irst insulating connection laver 3. In
some embodiments, the projection of the first groove on the subsirale 1 can completely
cover the projection of the first through hole 5 on the substrate 1.

[6078] As shown 1 FIGs. 9A and 9B, the nitride layer of the first mask layer 4 can be
removed.  In some embodiments, the nitride layer of the first mask laver 4 can bhe
removed by using an etching process.

6676} As shown in FIGs. 10A and 10 B, the surface of the first insulating connection
fayer 3 can be planarized by using anv suitable techniques, such as backside grinding,
and/or chemical mechanical pohishing (CMP). A portion of the first insulating connection
fayer 3 can be removed to form the first groove that penetrates the first insulating
connection layer 3. An area of the projection “x” of the first groove on the substrate 1
can be larger than an area of the projection y” of the first through hole S on the substiraie
1.

6677} in some embodiments, a depth of the first groove can be equal 0 or less than the
thickness of the planarized first nsulating connection layer 3, as shown in FIG 10A
For example, the depth of the first groove can be in a range between S0om and 70mm. In
one embodiment, the thickuess of the planarized first insulating connection layer 3 is
about 90nm, while the depth of the first groove is about 60nm.

6078} In some alternalive embodiments, the depth of the first groove can be greater than
the thackness of the planarized first insulating connection laver 3, as shown in FIG. 10B.
That 15, a portion of the top nitride layer in the first stacked layer 2 can also be removed to
form the furst groove. For example, the depth of the first groove can be in a range

etween S0nm and 70om.  In one embodiment, the thickoess of the planarized first
insulating connection layer 3 is abowt 30um, while the depth of the first groove is about

60nm.
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6079} At 8107, a third channel structre 14 can be formed in the first groove 13.
As shown in FIGs. 11A and 118, the third channel structure 14 can be in contact with the
second chamnel structure.  In some embodiments, the thud channel structure can be
a polycrystalline silicon player formed by using a deposition process.

G088 A thickness of the third channel structure 14 can be equal {o the depth of the first
groove 13, As described above, in some embodiments, a thickness of the third channel
structure 14 can be equal to or less than the thickness of the planarized first insulating
connection layer 3, as shown in FIG 11A  For example, the thickness of the third
channel structure 14 can be in a range between 50nm and 70nm, preferably about 60nm.
In some alternative embodiments, the thickness of the third channel structure 14 can be
greater than the thickness of the planarized first insulating connection layer 3, as shown in
FIG. 11B. For esample, the thickness of the third channel structure 14 can be tn a range
between 60nm and 80nm, preferably about 70nm.

6081} Referring to FIG. 238, at S10¥, a second stacked layer 15 and a second insulating
connection layer 16 can be sequentially formed on the third channel structure 4. As
shown in FIG. 12, the second stacked layer 15 can include a plurality of oxide/niinde
tayer pairs, such as sithicon oxide layer and silicon nitride layer pairs. Stnular to the fust
stacked layer 2 as described above, the multiple oxide layers {shown in the areas with
dotesy and multiple nitride layers (shown in the areas with meshes} in the second stacked
fayer 15 alternaie in 3 vertical direction. The second stacked laver 15 can include any
suttable number of layers of the oxide layers and the wmtnide layers. In some
embodiments, a total number of layers of the oxide layers and the nitride fayers in the
second stacked laver 15 is equal to or larger than 64.

6682} In some emmbodiments, the second insulating connection layer 16 can be made by
anv suitable msulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layver 16 can be different from
the material of the nitnde layer in the second stacked layer 15,

[B083] Further, in some erobodiments, a second mask layer 17 can be formed on the
surface of the second insulating connection layer 16, The second mask layer 17 can
mclude anitride layer on the surface of the second insulating connection layer 16, and an
oxtde layer on the surface of such nunide layer.

[6684] At 5109, a second through hole 18 1s formed. As shown in FIG. 13, the second

through hole 18 can completely penetrate the second stacked layer 15 and the second
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mswdating connection layer 16, and can extend into the surface of the third channel
structure 14, The projection of the second through hole 18 on the substrate | can at least
partially overlap with the projection of the first through hole 5 on the substrate 1.

[G085] in some embodiments, the second stacked layer 15, the second insulating
connection layer 16, the second mask layer 17, and the third channel structure 14 can be
etched to formo the second through hole 18 The second stacked layer 13, the second
msulating connection layer 16, the second mask laver 17, and/or the third channel
structure 14 can be etched bv using a drv eiching process, a wet etching process,
or a combination thereof A cleaning process can then be performed 1o clean the second
through hole 18,

6085} 1t 15 noted that, the second through hole 18 can extend to the surface of the third
channel structure 14, or can extend into the third channel struchie 14, As such, a fourth
channel structure formed subsequently in the second through hole 18 can directly contact
the third chanunel structure,

6087} In some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 18 and the radius of the bottom aperture of the
second through hole 18 can be 15nm. That 15, as shown in FIG. 13, a distance “a”
between the boundary line of the top swrface of each second through hole 18 and the
boundary of the bottom surface of the second through hole 18 can be no more than 15 nm.

[B088] At 81016, a second functional layer can be formed on the sidewall of the second
through hole 18, In some embodiments, the second fumctional laver can include a second
tunneling layer 192, a second storage layer 20, a second barrier layer 21, and a second
passivation layer 22,

6689] As shown in FIG. 14, the second tunneling laver 19 can be formed on the sidewall
of the second through hole 1% and the surface of the second channel structure 14, The
second tunneling layer 19 can be used for generating electronic charges. In some
ernbodiments, the second turnmeling layver 19 can be an oxide layer formed by using
a deposition process.

(60949} The second storage layer 20 can be formed on the surface of the second tunneling
fayer 19. The second storage layer 20 can be used for storing electronic charges. In some
smbodiments, the second storage layer 20 can be a nitnde laver formed by using

a deposition process.
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6091} The second barrier layer 21 can be formed on the surface of the second storage
fayer 20. The second barrier layer 21 can be used for blocking the outflow of the
electronic charges 1o the second storage laver 20, In some embodimuents, the second
barrier layer 21 can be an oxide layer formed by using a deposition process.

36921 As shown in FIG. 15, a second passivation layer 22 can be formed on the surface
of the second barrier layer 21, The second passivation laver 22 can be used for protecting
the second barrier laver 21 from being damaged in a subsequent removal process. In
some embodiments, the second passivation layer 22 can be an amorphous silicon layer
formed by using a deposition process.

6093} As shown in FIG. 15, the portions of the second passivation laver 22, the second
barrier layer 21, the second storage layer 20 and the second tunneling layer 19 that are
located on the surface of the second channel structure 14 can be removed. In some
ermnbodiments, the removal process can include an eiching process and a cleaning process.
in some embodiments, the portions of the second passivation layer 22, the second barrier
fayer 21, the second storage layer 20, the second tunneling laver 19, the oxide layer of the
second mask laver 17 that are located on the nitride layer of the second mask laver 17 can
also be removed by using an eiching process. As such. the second functional laver can be
formed on the sidewall of the second through hole 18,

3094} At §1012, a fourth channel structure and a second filling structwe can be
sequentially formed on the sidewall of the second functional layer and the exposed
surface of the third channel structure. In some embodiments, the top surface of the fourth
channel structiwe can be higher than the top surface of the second filling structure.

[6095] As shown m FIG. 16, a fourth channel laver 23 can be formed to cover the
sidewall of the second passivation layer 22 and the bottom surface of the second through
hole 18. In some embodiments, the fourth charmel layer 23 can also cover the surface of
the second insulating connection layer 16, or the surface of the nitride laver of the second
mask laver 17, In some embodiments, the fourth channel laver 23 can be an amorphous
sthicon layer formed by using a deposition process.

0696} As shown in FIG. 17, a second filling laver 29 can be formed to cover the fourth
channel laver 23 and to fill the second through hole 18 In some embodiments, the
second filling layer 29 can be an oxide layer formed by using a deposition process.

1066971 As shown in FIG. 18, a portion of the second filling laver 29 can be removed.

such that the surface of the second filling layer 29 is lower than the surface of the second
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mswlating connection layer 16. In some embodiments, the removal process can include
an giching process. The remaining portion of the second filling laver 29 in the second
through hole 18 can form the second filling structure.

098] As shown in FIG. 19, the portion of the fowrth channel layer 23 located on the
surface of the second insulating connection laver 16 or the surface of the second mask
laver 17 can be removed.  In some embodiments, the removal process can include an
eiching process. The remaining portion of the fourth channel layer 23 in the second
through hole 18 can form the fourth channel structure. The top surface of the fowth
channel siracture can be higher than the (op surface of the second filling structure.  As
such, a second groove can be formed on the fourth channel structure and the second
filling structure, and in the second through hole 18.

[6099] 11 is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked laver 15, or can be lower than the top surface of the
second stacked layer 15. The top swrface of the fourth channel structure is not lower than
the top swrface of the top oxide layer in the second stacked layer 1S, In some
embodiments, the top surface of the fourth channel structure can be in a same plane of the
top surface of the top oxide layer 1o the second stacked laver 15

1061606 At 81013, a fifth channel structure can be formed in the second groove. The fifth
chanpel structure can be in contact with the fourth channel structire. As shown in FIG.
20, the fifth channel struchure 30 can be formed in the second groove that is on the fourth
channel structure and the second flling structure and in the second through hole 13
The nitride layer of the second mask layer 17 can be then removed by an etching process.

66161} As shown in FiIGs. 21A and 218, the top surface of the second mnsulating
connection layer 16 and the top surface of the fifth channel structure 30 can be planarized
by any switable technmiques, such as backside grinding, and/or chemical mechanical
polishing (CMP}.

60182} Accordingly, the disclosed method as shown i FIGs, 23A and 23B can form a
joint opening structure of a three-dimensional (3D) memory device by combimung two
through hole formation processes. As such, the formed chavnel hole having the joint
opening structure can have a large aspect ratio and a limited top-bottom apertire error.
Further, the disclosed method of fornmung a joint opeming structure in a 3D memory device
can result in an efficient process capability control, a simplified process complexity, and a

reduced cost.
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(66183 In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 234 and
23B. The three-dimensional memory can include the following componenis described
below.

60184} A first stacked layver including a plurality of oxide/mitride layer pairs, such as
sticon oxade layver silicon nitnide layer pairs, is forroed ou a substrate. A first insulating
conneciion layver s formed on the first stacked layer. A first through hole penetrates the
first stacked layer and the first insulating connection layer, and extends into the surface of
the substrate.

66165} A first channel structure 15 formed on the surface of the substrate exposed by the
first through hole. A first finctional layer 15 formed on the sidewall of the first through
hole. A second channel structure is formed on the sidewall of the first functional layer
and the surface of the first channel structure. A first filling structure 1s formed on the
sidewall and the surface of the second channel structure to fill the first through hole. In
some embodiments, an airgap is enclosed in the first filling structure. The top surfaces of
the second channel structure and the firsi filhing structure are lower than the {op surfaces
of the first insulating connection laver.

106166} A first groove 1s formed n the first msulating connection layer, and above the first
functional layer, the second channel structure and the first filling strocture. A projection
of the first groove on the substrate completely covers a projection of the first throogh hole
on the substrate. A third chamnel structure in contact with the second channel structure 1s
formed in the first groove.

(66167} A second stack laver including a plurality of oxade/mnitride layver pairs, such as
silicon oxide layver and silicon nitride layer pairs, 18 formed on the fop surfaces of the first
msulating connection layver and the third channel structure. A second insulating
connection layer is formed on the second stack laver. A second through hole penetrates
through the second siacked laver and the second insulating connection layer, and extends
into a surface of the third channel structure. A projection of the second through hole on
the substrate at least partially overlaps the projection of the first through hole on the
substrate.

60108} A second functional layer is formed on the sidewall of the second through hole. A
fourth channel structure is formed on the sidewall of the second functional laver and the

bottom surface of the second through hole. A second filling structure 15 formed on the
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sidewall and the surface of the fourth channel structure to fil]l the second through hole.
in some embodiments, an airgap 15 enclosed in the second filling structure. The top
surface of the fourth channel structure 1s higher than the top surface of the second filling
structure. A fifth channel structure in contact with the fourth channel structure is formed
in a second groove that is surrounded by the second fumctional laver, and above the fourth
channel structure and the second flling structure.

60109} In some embodiments, as shown in FIG 21A, a thickness “b” of the first
insulating connection layer, which is the distance between the top nitride layer of the first
stacked laver and the botiom nitride layer of the second stacked layer can be i a range

etween 80mm and 1000m, preferably about 90 A thickoess “¢” of the third charnnel
structure can be in a range between 50nm and 70nm, preferably about 60nm.

[60116] In some alternative embodiments, as shown in FIG. 218, a thickness “b” of the
fivst insulating connection laver, which 1s the distance between the {op nitnide layer of the
first stacked layer and the bottom nitride layer of the second stacked laver can be in a
range between 20nm and 40nm, preferably abowt 30nm. A thickness “¢” of the third
channel structure can be in a range between SOnmw and 70nm, preferably about 60nm.

160111 Further, the difference between the radiuses of the top aperture and the bottom
aperture of the second channel structure, and the difference between the radiuses of the
top aperture and the botiom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opeming struciure can have alarge
aspect ratio and a limited top-bottom aperture error.

66112} In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride fayers in the first stacked layer 2 and the second stacked iayer 15
with a conductive laver 40, as shown m FIGs. 22A and 22B. The conductive layer can
include any suitable material that is electronically conductive, including, but not limited
to, W, Co, Cu, Al, doped stlicon, silicides, or any combination thereof.

68113} In some embodiments, during the replacement process, a portion of the third
channel structure 14 that 1s adjacent with the bottom niinide layer of the second stacked
fayer 15, or is adjacent with the top niiride laver of the first stacked laver 2 can be
converted to an oxide layer by an oxidation process. For example, an eiching process can

e performed fo remove all mitride layers in the furst stacked layer 2 and the second
stacked layer 15, Then an oxide process can be formed to oxide the exposed surface of

the third channel structure. As a result, a portion of the third channel structure can be

Atty. Dkt No. 4123.0110003

Micron Ex. 1002, p. 171
Micron v. YMTC
IPR2025-00245



w24 -

converter to the oxide layer as shown in FIGs. 22A and 22B. In some embodiments,,
athickness “¢” of the third channel structure can be reduced after the replacement
process. For exarople, the thickness “¢” of the third channel structure can be reduced to a
range between 30nm and 50nm, preferably about 40nm.

60114} Referring to FIGs. SOA and 508, schematic flow diagrams of another exerplary
fabricating process for forming a joint opening struciure of three-dimensional (3D)
memory device are illustrated in accordance with some other embodiments of the present
disclosure. And FIGs. 24-49 illustrate schematic structural cross-sectional diagrams of an
exemplary joint opening structure of three-dirnensional (3D) memory device at certain
stages of the fabricating process shown in FIGs. 50A and S50B.

[06115] As shown in FIG. 50A, at 8201, a first stacked layer 202 and a first insulating
connection layer 203 can be sequentially formed on the surface of a substrate 201, In
some embodiments, the 3D memory device can include a first region 100, a second region
200, and a third region 300, as shown in FIG. 24, The first region 100 can be used to
form one or more channel holes, the second region 200 can be used to form one or more
staircase structure (55) dummy holes, while the third region 300 can be used to form one
or more through array contact { TAC) barriers.

106116} As shown in FIG. 24, the first stacked layer 202 can be formed on the substrate
201, The first stacked layer 202 can include a plurality of oxide/nitride layer pairs. That
is, in the first stacked layer 202, multiple oxide layers (shown n the areas with dotes) and
mulliple nitride lavers (shown m the areas with meshes) alternate in a vertical divection.
in other words, except a top and a bottom layer of a given stack, each of the other oxide
fayers can be sandwiched by two adjacent nitride layers, and each nitride laver can be
sandwiched by two adjacent oxide layers,

66117} Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide fayer can be in a range from 90nm to 160nm,
preferably about 150um. Similarly, nitvide lavers can each have the same thickness or
have different thicknesses. For examople, a thickness of each wmitride laver can be 1n a
range trom 80nm to 110nm, preferably about 100nm. In some embodiments, the oxide
tayers can be silicon oxide lavers, and the nitride layers can be silicon nitride layer.

160118} The first stacked laver 202 can include any suitable number of layers of the oxade
tayers and the niiride layers. In some embodiments, a total number of lavers of the oxide

fayers and the nitride layers in the first stacked layer 202 is equal 1o or larger than 64. In
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some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nifride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

160119} The first insulating connection laver 203 can be formed on the first stacked
layver 202, In some embodiments, the first nsulating connection laver 203 can be made
by any suttable insulating material and/or dielectric matenial, such as sithicon oxade. It is
noted that, the material of the first insulating connection layer 203 can be different from
the material of the nitride layer in the first stacked layer 202.

(60126} Further, in some embodiments, a first mask laver 204 can be formed on the
surface of the first insulating connection laver 203, The first mask layer 204 can include
antiride layer on the surface of the first insulating connection laver 203, and an oxide
layer on the surface of such nitride layer.

[eei124 in some ernbodiments, the first stacked layer 202, the first insulating connection
fayer 203, and/or the first mask layver 204 can be formed by using one or more deposition
processes, such as one or more chemical vapor deposition (CVID) processes, one or more
physical vapor deposition {(PVE) processes, one or more atomic layer deposition {(ALD)
processes, and/or any suitable combinations thereof.

106122} At 5202, one or more first through holes 205 can be formed in each of the first
region 100, the second region 200, and the third region 300. As shown in FIG. 24, each
of the one or more first through holes 205 can completely penetrate the first stacked layer
202 and the first imsulating convection laver 203, and can extend mto the surface of the
substrate 201, In some embodiments, when the first mask fayer 204 is formed on the
surface of the first insulating conmection layer 203, the etching process also etch the first
mask layer 204 to form the first through holes 205,

60123} in some embodiments, the first through holes 205 can be formed by etching the
first stacked laver 202 and the first insulating connection laver 203 and a subsequent
cleaning process. The etching process to form the first through holes 205 can be a wet
etching, a dry eiching, or a combination thereof 1t i3 noted that, m the direction
parpendicular to the surface of the substrate 201, the depth of the one or more first
through holes 205 in the third region 300 can be larger than the depth of the one or more
first through holes 205 in the first region 100,

106124} At 8203, a first channel structure 206 can be formed on the surface of the

substrate 201 that is exposed by each of the plurality of first through holes 205, as shown
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mn FIG. 25, In some embodiments, the first channel structure 206 can be a polverystalline
siticon {polysilicon} laver formed by using a selective epitaxial process.

160125] At 8204, a first fimctional Tayer can be formed on the sidewall of each of the
plurality of first through holes 205, The first functional layer can include a first tunneling
fayer 207, a first storage layver 208, a first barrier laver 209, and a first passivation layer
210.

(66126} As shown in FIG. 26, the first tunneling laver 207 can be formed on the sidewall
of the plurality of first through holes 205 and the exposed swrfaces of the first channel
structures 206, The first tunmeling laver 207 can be used for generating electromc
charges (electrons or holes}). In some embodiments, the first tunneling laver 207 can be
an oxide layer formed by using a deposition process.

60127} The first storage layer 208 can be formed on the surface of the first unneling fayer
207, The first storage layer 208 can be used for storing elecironic charges. The storage
or removal of charge in the first storage laver 207 can impact the on/off state and/or
a conductance of the semiconductor channel. The first storage laver 207 can include
polycryvstalline silicon {polysilicon) or silicon nitride.  In some embodiments, the first
storage layer 208 can be a nitride layer formed by using a deposition process.

106128} The first barrier layer 209 can be formed on the surface of the first storage
fayer 208, The first barrier layer 209 can be used for blocking the outflow of the
electronic charges stored in the first storage layer 208, In some embodiments, the first
barrier layer 209 can be a silicon oxide laver or a combination of silicon oxide/silicon
nitride/silicon oxide {(ONQ) layers. In some embodiments, the first barrier layer 209
mcludes high dielectric constant (hgh-k) dielectrics {e.g., aluminum oxide). In one
exarople, the first barrier laver 209 15 an owide layer formed by using a deposition
Process.

160129} As shown in FIG. 27, a first passivation layer 210 can be formed on the surface of
the first barrier layver 209, The first passivation laver 210 can be used for proteciing the
first barrier layer 209 from being damaged 1o a subsequent removal process. Insome
embodiments, the first passivation layer 210 can be an amorphous silicon layer formed by
using a deposition process.

66136} The portions of the first passivation layer 210, the {irst barrier layver 209, the furst
storage layer 208 and the first tunneling layer 207 located on the surfaces of the plurality

of first channel structures 206 on the bottom of the plurality of first through holes 205 can
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be removed. In some embodiments, the removal process can inchude an etching process
and a cleaning process. As such, the first functional layer can be formed on the sidewalls
of the plurality of first through holes 208,

60131} in some embodiment, in the same removal process, the first barrier layer 209,
the first storage layer 208, the first tunneling layer 207, and the oxide layer of the first
mask layer 204 located on the surface of the nitride layer of first mask layer 204 can also
be removed. As such, the nitride layer of first mask layver 204 is remained on the surface
of the first insulating connection layer 203

66132} At 8208, a second channel structure and a first filling structure can be sequentially
formed on the sidewall of the first functional layer and the exposed surface of the first
channel structure 206 in each of the plurality of first through holes 205, The surfaces of
the second channel structure and the first filling structure can be lower than the surface of
the first insulating conmnection layer 203,

(66133} As shown in FIG. 28, a second channel layer 211 can be formed to cover the
sidewalls of the first passivation layer 210 and the bottom of each of the plurality of first
through holes 205. The second chanmel layer 211 can also cover the surface of the first
msulating connection layer 203, or cover the surface of the nitride layer of the first mask
fayer 204. In some embodimentis, the second channel layer 211 can be an amorphous
silicon layer formed by using a deposition process.

60134} As shown i FIG. 29, a first filling laver 212 can be formed to cover the second
channel laver 211 and GH each of the plurality of first through holes 203, In some
embodiments, the first filling layer 212 can be an oxide layver formed by using a
deposition process.

1601354 As shown m FiGs. 30A and 30B, a portion of the first filling laver 212 can be
removed, such that the top surface of the first filling laver 212 can be lower than the top
surface of the first insulating connection laver 203, As such, the remaining portion of the
first filling layer 212 in each of the plurality of first through holes 205 can form the fivst
filling structure.  fn some erobodiments, the portion of the first filling laver 212 can be
removed by using an etching process, such as a wet eiching, a dry etching, or 2
combination thereof

160136 In some embodiments, as shown in FIG. 30A, the top surface of the first filling
fayer 212 can be higher than the top swrface of the second stacker layer 202

For example, the top surface of the first filling Iaver 212 can be 20nm to 40nm higher
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than the top swrface of the top nitnde layer of the second stacker layer 202, Preferably,
the top surface of the first filling laver 212 can be about 30nm higher than the top surface
of the top uttnde laver of the second stacker layer 202

60137} in some alternative embodiments, as shown in FIG. 30B, the top surface of the
first filling layer 212 can be lower than the fop surface of the second stacker laver 202.
For example, the top surface of the first filling laver 212 can be 30nm to 40nm lower thao
the top surface of the top nitride layer of the second stacker layer 202. Preferably, the top
surface of the first filling layer 212 can be about 35nm lower than the top surface of the
top nitride laver of the second stacker laver 202,

160138 As shown in FIGs. 31 A and 318, a portion of the second channel laver 211 can be
removed, such that the swrface of the second chammel layver 211 is lower than the first
imsulating connection layer 203, The remaining portion of the second channel laver 211
can form the second channel stracture that 1s in contact with the first chanuvel structure
206, Insome embodiments, the portion of the second channel layver 211 can be removed
by using an etching process.

(66139} It 15 noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked laver 202 or lower than the
top surface of the first stacked layer 202. However, the top surface of the second channel
structure is niot lower than the top surface of the top oxide layer in the first stacked layer
202, In some embodiments, the top surface of the second channel structure can be higher
than the top mitride laver 1o the first stacked laver 202, as shown in FIG. 31A. In some
alternative embodiments, the top surface of the second channel siructure is in asame
plane of the top surface of the top oxide layer in the {irst stacked laver 202, as shown in
FIG 318,

60146] At 8206, a first groove can be formed in the first insulating connection laver 203
above each of the plurality of first through holes 205 In some embodiments,
the projection of the first groove on the subsirate 201 can completely cover the projection
of the corresponding first through hole 205 on the substrate 201.

66141} As shown in FIGs. 32A and 32B, the nitride layer of the first mask layer 204 can
be removed. In some embodiments, the minde laver of the first mask layer 204 can be
removed by using an etching process.

106142} As shown in FIGs. 33A and 33 B, the surface of the first mnsulating connection

fayer 203 can be planarized by any suitable techniques, such as backside grinding, and/or
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chemical mechanical polishing (CMP}. A portion of the first insnlating connection layer
203 can be removed o form a plurality of first grooves that penetrate the first insulating
connection layer 203, An area of the projection of each of the plurality of first grooves on
the substrate 201 can be larger than an area of the proiection of each of the plurality of
first through holes 205 on the substrate 201,

[B0143] in some embodiments, a depth of the first groove can be equal to or less than the
thickness of the planarized first insulating connection layer 203, as shown in FIG 33A
For example, the depth of the first groove can be in a range between 50nm and 70nm. In
oneg embodiment, the thickness of the planarized fivet insulating connection laver 203 is
about 90num, while the depth of the first groove 1s about 60mm.

[60144] in some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection layer 203, as shown in
FIG. 33B. That 1s, a portion of the top wiiride layer in the first stacked laver 202 can also
be removed to form the first groove. For example, the depth of the first groove can be in
a range between 50nm and 70nm.  In one embodiment, the thickness of the planarized
first wsulating connection laver 203 15 about 30nm, while the depth of the first groove is
about ¢Onm.

66145} At 5207, a third channel structure 214 can be formed in each of the plurality of
first grooves 213, As shown in FI(s. 34A and 34B, the third channel structure 214 can
be 1n contact with the second channel struchure in each of the plarality of first through
holes 205, Insome embodiments, the third channel structure can be a polycrystalline
silicon player formed by using a deposttion process.

[66146] A thickness of each third channpel structure 214 can be equal to the depth of each
first groove 213, As described above, in some embodiments, a thickness of each third
channel structure 214 can be egual to or less than the thickness of the planarized first
msulating connection laver 203, as shown in FIG. 34A. For example, the thickness of
each third channel structure 214 can be in a range between S50nm and 70nm, preferably
about 60nm.  In some altervative embodiments, the thickness of each third channel
structure 214 can be greater than the thickness of the planarized first insulating
connection fayer 203, as shown in FIG. 34B. For example, the thickness of each third
channel structure 214 can be in a range between G0nvo and R0man, preferably about 70nm.

1066147} Refernng to FIG. SOB, at 5208, a second stacked layer 215 and a second

insulating connection layer 216 can be sequentially formed on the plurality of third
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channel structures 214, As shown in FIG. 35, the second stacked fayer 215 can include a
plurality of oxide/mitride layer pairs, such as silicon oxide lavers and stlicon niiride lavers.
Similar to the first stacked laver 202 as described above, the multiple oxide lavers (shown
in the areas with dotes} and multiple nitride layers (shown in the argas with meshes} in the
second stacked layer 215 alternaie in a vertical direction. The second stacked layer 215
can inclade any suitable number of layers of the oxide layers and the miride layers. o
some embodiments, a total number of layers of the oxide layers and the nitnide lavers in
the second stacked layer 215 is equal to or larger than 64.

[66148] In some smbodiments, the second insulating connection Jayer 216 can be made by
any suitable insulating matenial and/or dielectric material, such as siicon oxade. It 1s
noted that, the material of the second insulating connection layer 216 can be different
from the material of the ninde fayer in the second stacked layer 215.

(303148} Further, in some embodiments, a second mask laver 217 can be formed on the
surface of the second insulating conmection layer 216, The second mask layer 217 can
mchude a nitride laver on the swrface of the second insulating connection laver 216, and
an oxide layer on the surface of such nitride laver.

1661561 At 8209, one or more second through holes 218 are formed in each of the first
region 100, the second region 200, and the third region 300. As shown in FIG. 36, each
of the plurality of second through holes 218 can completely penetrate the second stacked
laver 213, the second insudating connection laver 216, and the second mask layer 217, and
can extend imto the surface of the corresponding third channel structure 214, The
projection of each second through hole 218 on the substrate 201 can at least partially
overlap with the projection of the comesponding first through hole 205 on the substrate
201

60151 In some embodiments, the second stacked layer 215, the second insulating
connection laver 216, the second mask layer 217, and the third channel structures 214 can
be eiched to form the plurality of second through holes 218 that penetrate the second
stacked laver 215 and the second mnsulating conunection laver 216, The second stacked
fayer 215, the second insulating connection layer 216, the second mask laver 217, and/or
the third channel structure 214 can be etched by using a dry etching process, a wet
etching process, or a combination thereof A cleaning process can then be performed to

clean the plurality of second through holes 218,
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66152 It is noted that, each second through hole 218 can extend to the swface of the
corresponding third channel structure 214, or can exiend into the corresponding third
channel structure 214, As such, a fourth channel structure formed subsequentlv i each
second through hole 218 can directly contact the corrgsponding third channel structure. It
is also noted that, the one or more second through holes 218 in the third region 300 can
also coropletely penetrate the comresponding third channel structures 214, as shown in
FIG. 36, However, the one or more third channel structures 214 in the first region 100 are
not completely penetrated by the one or more second through holes 218

(60153} In some embodiments, a maximun difference between the radius of the top
aperture of each second through hole 218 and the radius of the bottom aperture of the
second through hole 218 can be 15nm. That is, as shown in FIG. 36, a distance “a”
between the boundary line of the top surface of each second through hole 218 and the
boundary of the bottom surface of the second through hole 218 can be no more than 15
nm.

60154} At 82010, a second functional laver can be formed on the sidewall of each second
through hele 218 In some embodiments, the second functional laver can include
asecond tunneling layer 219, a second storage laver 220, a second barrier layer 221,
and a second passtvation laver 222,

[60155] As shown in FIG. 37, the second nimneling laver 219 can be formed on the
sidewall of each second through hole 218 and the swrface of the corresponding third
channel structure 214, The second tunneling laver 219 can be used for generating
electronic charges. In some embodiments, the second tunneling fayer 219 can be an oxide
fayer formed by using a deposilion process.

[60156] The second storage laver 220 can be forroed on the surface of the second
tunneling layer 219 The second storage laver 220 can be used for storing electronic
charges. In some embodiments, the second storage layer 220 can be a nitride layer
formed by using a deposition process.

[B0187} The second barner layer 221 can be formed on the surface of the second storage
fayer 220. 'The second barrer laver 221 can be used for blocking the outflow of the
electronic charges in the second storage layer 220, In some embodiments, the second
barrier layer 221 can be an oxide layer formed by using a deposition process.

166158} As shown in FI(G. 3%, a second passivation layer 222 can be formed on the surface

of the second barrier layer 221, The second passivation laver 222 can be uvsed for
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protecting the second basrier layer 221 from being damaged in a subsequent removal
process. In some embodiments, the second passivation layer 222 can be an amorphous
silicon layer forroed by using a deposition process.

60159 As shown in FIG. 38, the portions of the second passivation layer 222, the second
barrier layer 221, the second siorage laver 220 and the second tunneling layer 219 that are
located on the surface of cach third chanmel structure 214 can be removed. o some
embodiments, the removal process can include an etching process and a cleaning process.
in some embodiments, the portions of the second passivation layer 222, the second barrier
fayer 221, the second storage layer 220, the second tunneling laver 219, the oxide layer of
the second mask layer 217 that are located on the mitride laver of the second mask layer
217 can also be removed by using an etching process. As such, the second functional
laver can be formed on the sidewall of each second through hole 218

(33168} At 82011, a fourth channel structure can be formed on the sidewall of the second
functional laver and the exposed surface of the third channel structure in each second
through hole 218 in the first region 100, Further, a second filling structure can be formed
in each of the plurality of second through holes 218 in the first region 100, the second
region 200, and the third region 300, In some embodiments, the top surface of the fourth
channel struciure can be higher than the top surface of the second filling structure.

60161} As shown in FIG. 39, a fourth channel layver 223 can be formed to cover the
sidewall of the second passivation laver 222 and the bottom surface of sach of the
plurality of second through holes 218 in the first region 100, the second region 200, and
the third region 30C. In some embodiments, the fourth channel laver 223 can also cover
the top surface of the second insulating connection layver 216, or the top surface of the
nitride layer of the second mask laver 217, In some embodiments, the fourth chamnel
fayer 223 can be an amorphous stlicon laver formed by using a deposition process.

60162} As shown in FIG. 40, a third filling laver 224 can be formed to cover the fourth
channel laver 223, In some embodiments, the third filling layer 224 can include one or
more airgaps in each second through hole 218, 1o some erobodimvents, the thud filling
fayer 224 can be an oxide layer formed by using a deposition process.

66163} As shown i FIG. 41, a third mask layer 25 can be formed on the top swrface of
the third filling laver 224 in the first region 100, Using the third wask layer 225 as a
mask, the portions of the third filling layer 224 located in the second region 200 and the

third region 300 can be removed by using an efching process.
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60164} As shown in FIG. 42, the third mask layer 225 can be removed. Using the
remaining third filling layver 224 in the first region 100 as a mask, the fourth channel
tayer 223 located 10 the second region 200 and the third region 300 can be removed by
using an etching process.

30165} As shown i FIG. 43, a fourth filling fayer 227 can be formed on the surface of the
second functional laver located in the second region 200 and the thwrd region 300
in some embodiments, the filling performance of the fourth filling layer 227 can be better
than the filling performance of the third filling laver 224, That is, in a same removing
process, the removal rate of the fourth filling laver 227 can be less than the remwoval rate
of the third Giling laver 224.

[06166] As shown in FIG. 44, the third filling layer 224 on the surface of the fourth
channel layer 223 in the first region 100 can be removed by using an etching process. It
is noted that, a portion of the fourth filling laver 227 can also be removed by the same
etching process.

66167} As shown in FIG. 45, a second filling layer 229 can be formed in each second
through hole 218 in the first region 100, the second region 200 and the third region 300.
The material of the second filling laver 229 can be the same material of the fourth filling
fayer 227.

30168} As shown in FIG. 46, a portion of the second filling laver 29 can be removed by
using an etching process, such that the top surface of the second filling laver 229 in each
second through hole 218 s lower than the top surface of the second insulating conneclion
fayer 216. The remaining portion of the second filling laver 29 in each second through
hole 218 can form the second filling structure.

166169} Further, the portion of the fourth channel layer 223 located on the surface of the
second insulating connection layer 216 or the surface of the second mask laver 217 can be
removed by using an etching process. The remaining portion of the fowrth channel layer
223 in each second through hole 218 can form the fourth chamnel structure. The top
surface of the fourth channel structure can be higher than the top swrface of the second
filling structwre.  As such, a second groove can be formed on the fourth channel structure
and the second filling structure in each second through hole 218 in the {irst region 100,
and on the second filling structure in each second through hole 218 in the second region

200 and the third region 300.
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(66178} 11 is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked fayer 215, or can be lower than the top surface of the
second stacked laver 215, The top surface of the fourth channel structure is not lower
than the fop surface of the top oxide laver in the second stacked layer 2135, In some
ernbodiments, the top surface of the fourth channel structure can be 1n a same plane of the
top surface of the top oxade layer in the second stacked laver 215

{66171} At 82012, a fifth channel structure can be formed in the second groove of each
second through hole 218 in the first region 100, The fifth channel structure can be in
contact with the fourth channel structure.

166172} As shown in FIG. 47, the fifth channel structure 230 can be formed in the second
groove that is on the fourth channel structure and the second filling structure in each
second through hole 218 in the first region 100, The {ifth channel strocture 230 can also
be formed n the second groove that is on the second filling structure jn each second
through hole 218 in the second region 200 and the third region 300, The nitride layer of
the second mask layer 217 can be then removed by an etching process.

{66173 As shown i FIGs. 48A and 48B, the top surface of the second msulating
connection layer 216 and the top surface of the plurality of fifih channel structures 230
can be planarized by any suitable techniques, such as backside grinding, and/or chemical
mechanical polishing (CMP).

60174} Accordingly, the disclosed method as shown in FIGs. S0A and SOB can form
another joint opening structure of a three-dimensional (3D) memory device by combining
two through hole formation processes.  As such, the formed channel holes having the
joint opening structure can have alarge aspect ratio and a himited lop-botiom aperture
error. Further, the disclosed method of forming a joint opening structure in a 3D memory

evice can simultanecusly form a plurality of channel holes, staircase dummy holes, and
through array contact barriers, reselting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

[B0175] In some embodiments, the present disclosure also provides another three-
dimensional memory device formed by using the above disclosed method as shown in
FIGs. 50A and 508, The three-dimensional memory device can include a first region for
forming a plurality of channel holes, a second region for forming a plurality of staircase
structure (S8} durmmy holes, and a third region for forming a plurality of through array

contact {TAC) barriers.  Along a direction perpendicular 1o the surface of the three-
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dimensional memory device, the three-dimensional memorv device can include the
following components.

1601761 A {irst stacked layer including a plurality of oxide/mitride layer pawrs, such as
silicon oxide layer and silicon mitride layer pairs, is formed on a subsirate. A first
msulating connection layer is formed on the first stacked layer. A plurality of fivst
through holes penetrating the first stacked layer and the first insulating connection layer
and extending into the surface of the subsirate are formed in the first region, the second
region, and the third region.

66177} A first channel structure is formed on the surface of the substrate exposed by each
first through hole. A first functional layer 1s formed on the sidewall of each first through
hole. A second channel structure is formed on the sidewall of the first functional layer
and the surface of the first channel structure in each first through hole. A first filling
structure 1s formed on the sidewall and the surface of the second channel structure to fill
each of the plurality of first through holes. In some embodiments, an airgap can be
enclosed in the first filling structure in each first through hole. The top surfaces of the
second channel structure and the first filling structure are lower than the top surfaces of
the first insulating connection layer.

1066178} A first groove 1s formed n the first msulating connection layer, and above the first
functional layer, the second channel structure and the first filling structure in each first
through hole. A projection of each of the plurality of first grooves on the substraie
completely covers a projection of the corresponding first through hole on the substrate.
Athird channel structure in contact with the second channel structwe in the
corresponding first through hole is formed 1n each first groove.

166179} A second stack laver mcluding a plurality of oxide/mitride laver pairs, such as
silicon oxide layer and silicon nitride fayer pairs, is formed on the top surfaces of the first
msulating connection laver and the plurality of third channel structires. A second
msulating connection laver is formed on the second stack layer. A plurality of second
through heles penetrating through the second stacked layer and the second insulating
conneciion layer and extending into a surface of the third channel structure are formed in
the first region, the second region, and the third region. A projection of each of the
plurality of second through holes on the substrate at least partially overlaps the projection

of the corresponding first through hole on the substrate.
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(66188 A second functional layer is formed on the sidewall of each second through hole.
A fourth channel structure is formed on the sidewall of the second functional fayer and
the bottom surface of each second through hole in the first region. A second filling 15
formed to {ill each of the plurality of second through holes in the first region, the second
region, and the third region. In some embodiments, an airgap can be enclosed in the
second filling structure. The top surface of the fourth channel structure 15 higher than the
top surface of the second filling structure in each second through hole in the first region.

{60181} In the first region, a fifth channel structure i contact with the fowrth channel
structure 1s formed in a second groove in each second through hole that is surrounded by
the second functional laver, and above the fourth channel structure and the second filling
structure.  And in the second region and the third region, a fifth channel structure is
formed 1n a second groove 1o each second through hole that s surrounded by the second
functional layer, and above the second flling structure.

60182} Due to the fourth channel structures being formed in the second through holes in
the first region rather than the third region, the fifth channel structure in each second
through hole in the first region can be electronically connected with the first channel
structure 1o the corresponding first through hole, while the fifth charnmel structure 1 each
second through hole in the third region can be electronically insulated with the first
channel structure in the corresponding first through hole. Thus, in the three-dimensional
memory device, a plurality of channel holes can be formed n the first region, and a
plurality of through array contact (VAC) barriers can be formed m the third region. The
plurality of staircase structure dummy holes in the second region can have a supporting
fumetion of the staircase struchure.

166183} In some ermbodiments, as shown in FIG. 48A, in each channel hole i the first
region, a thickness “b” of the first insulating connection layer, which is the distance
between the top nitride layer of the first stacked layer and the bottom nitride laver of the
second siacked layer can be in a range between 80nm and 100nm, preferably about 90nm.
A thickness “¢” of the third channel structure can be in a range between 50nm and 70nm,
preferably about 60nm.

60184} In some alternative embodiments, as shown in FIG. 478, in each channel hole in
the first region, a thickness “b” of the first insulating connection layer, which is the
distance between the top nitride laver of the first stacked layer and the bottom nitride

fayer of the second stacked laver can be in a range between 20nm and 40nm, preferably
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about 30nm. A thickness “¢” of the third channel structure can be in a range between
Stnm and 70nm, preferably about 60nm.

160185] Further, the difference between the radiuses of the top aperture and the bottom
aperture of the second channel structure, and the difference between the radiuses of the
iop aperture and the botiom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have alarge
aspect ratio and a limited top-botiom aperture error.

{60186 In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 202 and the second stacked
fayer 215 with a conductive layer 240, as shown in FIGs. 49A and 498, The conductive
fayer can include any suitable material that is electronically conductive, including. but not
hmited {0, W, Co, Cu, Al, doped silicon, siheides, or any combination thergof.

[BB18T} in some embodiments, the replacement process can be performed m one or more
of the first region 100, the second region 200, and the third region 300, In one
embodiments, the replacement process is performed in the first region 100 and the second
region 200, but not in the third region 300, That is, the first stacked layer and the second
stacked layer in the first region and the second region can be aliernating
conductive/dielectric stack, while the first stacked layer and the second stacked layer in
the third region can be alternating oxide/nitride stack.

[60188] In some embodiments, during the replacement process, a portion of the third
channel structure 214 that 1s adjacent with the bottom nitride layer of the second stacked
fayer 215, or is adjacent with the top nitride laver of the first stacked layer 202 can be
converted to an oxide fayer by an oxidation process. That ig, as shown in FIGs. 494 and
498, a thickness “¢” of the third channel structure can be reduced after the replacement
process. For example, the thickness “c” of the third channel structure can be reduced to
a range between 30nm and 50nm, preferably about 40nm.

60189 Refernng to FIGs. 74A and 748, schematic flow diagrams of another exemplary
method for forming a joiut opening structure of three-dimensional (3D) memory device
are illustrated m accordance with some embodiments of the present disclosure.
And FiGs. 51-73 illustrate schematic structural cross-sectional diagrams of an exemplary
joint opentng siructure of three-dimensional (3D) memory device at certain stages of the

fabricating process shown in FIGs. 74A and 74B.
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(66196} At 8301, a substrate 301 can be provided, a first stacked layer 302 and a first
msulating connection layer 303 can be formed on the surface of the substrate 301, As
shown m FIG. 51, the §rst stacked laver 302 can include a plurality of oxide/mitnide layer
patrs, such as stlicon oxide layer and silicon nitride fayer pairs. The multiple oxide lavers
{shown in the areas with dotes) and multiple nitride lavers {shown in the areas with
meshes) in the first stacked layer 302 alternate in a vertical divection. The first stacked
fayer 302 can include any suitable number of lavers of the oxide lavers and the nitride
fayers. In some embodiments, a total number of layers of the oxide layers and the nitride
fayers in the first stacked laver 302 is equal to or larger than 64

166191} In some embodiments, the first insulating connection laver 303 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. K is
noted that, the matenial of the {irst insulating connection laver 303 can be different from
the material of the nunide laver n the first stacked layer 302,

66192} Further, in some embodiments, a first mask laver 304 can be formed on the
surface of the first insulating connection laver 303. The first mask layer 304 can include
awniride layer on the surface of the first insulating connection layer 303, and an oxide
tayer on the surface of such nitride layer.

166193} At 8302, a first through hole 305 can be formed. As shown in FIG. 51, the first
through hole 305 can completely penetrate the first stacked layer 302 and the first
imsulating connection laver 303, and can extend into the surface of the substrate 301

(33184} in some embodiments, the first through hole 305 can be formed by eiching the
first stacked layer 302 and the first msulating connection layer 303 and a subsequent
cleaning process. The etching process to form the first through hole 305 can be a wel
eiching, a dry eiching, or a combination thereof

[606195] in some embodiments, when the first mask layer 304 1s formed on the surface of
the first insulating connection laver 303, the etching process also etch the first mask layer
304 to form the frst through holes 305.

30186} At 8303, a first channel siructure 306 can be formed on the surface of the
substraie 301 that is exposed by the first through hole 305, as shown in FIG. 52, In some
embodiments, the first channel structure 306 can be a polyerystalline silicon layer formed

by using a selective epitaxial process.
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(66197} At 8304, a first functional layer can be formed on the sidewall of the first through
hole 305, The first fonctional taver can include a first tunneling layer 307, a first slorage
tayer 308, a first barrier layer 309, and a first passivation layer 310.

160198} As shown in FIG. 53, the first tunneling layer 307 can be formed on the sidewal
of the first through hole 305 and the surface of the first channel structure 306, The first
tunneling laver can be used for generating electronic charges. Tn some ernbodiments, the
first tunneling laver 307 can be an oxide layer formed by using a deposition process.

(66199} The first storage laver 308 can be formed on the surface of the first tunneling layer
307, The firsi storage layer 308 can be used for storing electronic charges. In some
embodiments, the first storage layer 308 can be a niinde layer formed by using a
deposition process.

602080} The first bamer fayer 309 can be formed on the surface of the first storage
layver 308. The first barrier layer 309 can be used for blocking the outflow of the
electronic charges stored in the first storage laver 308. In some embodiments, the first
barrier layer 309 can be an oxide layer formed by using a deposition process.

60201} As shown in FIG. 54, a {irst passivation layer 310 can be formed on the swrface of
the first barrier laver 309, The first passivation laver 310 can be used for protecting the
first barrier layer 309 from being damaged in a subsequent removal process. lnsome
embodiments, the first passivation laver 310 can be an amorphous silicon layer formed by
using a deposition process.

66202} The portions of the first passivation layer 310, the first barrnier layer 309, the first
storage layer 308 and the first tunneling laver 307 located on the surface of the first
channel structure 306 on the bottom of the first through hole 305 can be removed. In
some embodiments, the removal process can include an etching process and a cleaning
process.  As such, the first functional laver can be formed on the sidewall of the first
through hole 305.

30283} In some embodiment, in the same removal process, the first barrier layer 309,
the first storage laver 308, the first tumneling layer 307, and the oxide layer of the first
mask layer 304 located on the surface of the nitride layver of first mask layer 304 can also
be removed. As such, the nitride layer of first mask laver 304 is remained on the surface
of the first insulating conmection layer 303,

1062041 At 8303, a second channel structure can be formed on the sidewall of the first

functional iayer sidewall and the surface of the first channel structure 306. The surfaces
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of the second channel struchwe can be lower than the swrface of the first insulating
connection layer 303.

66265} As shown in FIG. 55, a second channel layer 311 can be formed to cover the
sidewall of the first passivation layver 310, the bottom of the first through hole 305
The second chamnel fayer 311 can also cover the surface of the first insulating connection
layer 303, or cover the surface of the nittide layer of the first roask laver 304, In some
embodiments, the second channel layer 311 can be an amorphous silicon layer formed by
using a deposition process.

[[HEREY As shown in FIGs. 56A and S6B, a portion of the second channel laver 311 can be
removed, such that the surface of the second channel layer 311 is lower than the first
insulating connection layer 303, The remaining portion of the second channel layer 311
can form the second channel struchure that 1s in contact with the first chanvel structore
306, In some embodiments, an airgap can be enclosed by the second channel structure, as
shown in FIGs. 56A and 56B. In some embodiments, the portion of the second channel
fayer 311 can be removed by using an etching process.

(66267} It 15 noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked laver 302 or lower than the
top surface of the first stacked layer 302. However, the top surface of the second channel
structure is niot lower than the top surface of the top oxide layer in the first stacked layer
302. In some emsbodirsents, the top surface of the second channel structure can be higher
than the top mitride laver 1o the first stacked laver 302, as shown in FIG. S6A. In some
alternative embodiments, the top surface of the second channel structure is in a same
plane of the top surface of the top oxide layver n the fivst stacked layer 302, as shown in
FIG. 568,

60208} At 8306, a first groove 312 can be formed in the first insulating connection layer
303. In some embodiments, the projection of the first groove 312 on the substrate 301
can completely cover the projeciion of the first through hole 305 on the substraie 301,

(08208} As shown in FiGs. 374 and 57B, the nitride layer of the first mask layver 304 can
be removed by using an etching process. As shown in FIGs. 58A and 58B, the surface of
the first insudating connection layer 303 can be planarized. A portion of the first
msulating connection laver 303 can be removed fo formo the first groove 312 that

peneirates the first insulating connection layver 303, An area of the projection of the first
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groove 312 on the substrate 301 can be larger than an area of the projection of the first
through hole 305 on the substrate 301

160216} In some ernbodirnents, a depth of the first groove can be equal to or less than the
thickness of the planarized first insulating connection layver 303, as shown in FIG. S8A
For example, the depth of the first groove can be in a range between 50nm and 70nm. In
one embodiment, the thickoess of the planarized first josulating connection layer 303 15
about “Onm, while the depth of the first groove ts about 60nm.

(60211} In some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating conpection laver 303, as shown in
FIG. 588, That 1s, a portion of the top nifride layer in the furst stacked layer 302 can also
be removed to form the first groove. For example, the depth of the first groove can be in
a range between SOnm and 70nm. In one embodiment, the thickness of the planarized
first msulating comnection laver 303 15 about 30nm, while the depth of the first groove s
about 60nm.

{66212} At 8307, a third channel structure 313 can be formed in the first groove 312
As shown in FIGs. S9A and 59B, the third channel structure 313 can be in contact with
the second channel structure. In some embodiments, the third channel structure can be
a polyerystalline silicon player formed by using a deposition process.

306213 A thickness of the third channel structure 313 can be equal {o the depth of the first
groove 312, As described above, in some embodiments, a thickness of the third channel
structure 313 can be equal to or less than the thickness of the plavarized first insulating
connection layer 303, as shown in FIG. $9A. For example, the thickness of the third
channel structure 313 can be in a range between 30nm and 70nm, preferably about 60nm.
In some altermative embodiments, the thickness of the third channel structure 313 can be
greater than the thickness of the planarized first insulating connection laver 303, as shown
in FIG. S9B. For example, the thickness of the third channel structure 313 can be in a
range between 60nmm and 80nm, preferably about 70nm.

60214} At S308, a second stacked laver 314 and a second insulating connection laver 315
can be sequentially formed on the third channel structure 313, As shown in FIG. 60, the
second stacked layer 315 can include a phuality of oxide/miride layer pairs, such as
silicon oxide layer and silicon nitnde laver pairs. Simalar 1o the first stacked layer 302 as

escribed above, the multiple oxide layers {(shown in the areas with dotes) and multiple

nitride lavers {shown in the areas with meshes) in the second stacked layer 314 aliernate
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mn a vertical direction. The second stacked layer 314 can include any suitable number of
tayers of the oxade lavers and the nitride layers. In some embodiments, a {total number of
tayers of the oxide lavers and the nitnide lavers in the second stacked laver 314 is equal 1o
or larger than 64.

30215} In some embodiments, the second insulating connection layer 315 can be made by
any suttable jnsulating material and/or diclectric matenial, such as silicon oxide. It 1§
noted that, the material of the second msulating connection layer 315 can be different
from the material of the nitride layer in the second stacked layver 314,

[[HEREY Further, in some embodiments, a second mask fayer 316 can be formed on the
surface of the second insulating connection laver 315, The second mask laver 316 can
include a nitride layer on the surface of the second insulating connection layer 315, and
an oxide layer on the surface of such nitride layer.

(30217} At 8309, a second through hole 317 can be formed  As shown m FIG. 61,
the second through hole 317 can completely penetrate the second stacked layer 314 and
the second insulating connection layer 315, and can extend into the surface of the third
channel structure 313, The projection of the second through hole 317 on the substrate
301 can at least partially overlap with the projection of the first through hole 303 on the
substrate 301

{30218} in some embodiments, the second stacked layer 314, the second insulating
conmection fayer 315, the second wmask layer 316, and a portion of the third channel
structure 314 can be eiched to form the second through hole 317, The second stacked
fayer 314, the second insulating connection layer 315, the second mask laver 316, and/or
the third channel structure 314 can be etched by using a dry etching process, a wet
etching process, or a combination thereof. A cleamng process can then be performed to
clean the second through hole 317

60219 in some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 317 and the radius of the botiom apertwre of the
second through hole 317 can be 15mwm. That i, as shown n FIG 61, a distance “a”
between the boundary line of the top surface of the second through hole 317 and the
boundary of the botiom surface of the second through hole 317 can be no more than 15
nim.

136226} At 83010, a second functional layer can be formed on the sidewall of the second

through hole 317 In some embodiments, the second fimctional layer can include

Atty. Dkt No. 4123.0110003

Micron Ex. 1002, p. 190
Micron v. YMTC
IPR2025-00245



a second tunneling layer 318, a second storage laver 319, a second barrier layer 320, and
a second passivation laver 321

160221 As shown jo FIG. 62, the second tunneling layer 318 can be formed on the
sidewall of the second through hole 317 and the surface of the second channel structure
313. The second tunneling layer 318 can be used for generating electronic charges. In
some embodiments, the second tunneling fayer 318 can be an oxide layer forroed by using
a deposition process.

66222} The second storage laver 319 can be formed on the surface of the second
tunneling layer 318, The second siorage laver 319 can be used for sionng electrome
charges. In some embodiments, the second siorage layer 319 can be a mitride layer
formed by using a deposition process.

60223} The second barrier layer 320 can be formed on the surface of the second storage
laver 319, The second barder laver 320 can be used for blocking the outflow of the
electronic charges in the second storage layver 319. In some embodiments, the second
barrier layer 320 can be an oxide layer formed by using a deposition process.

60224} As shown in FIG. 63, a second passivation layer 321 can be formed on the surface
of the second barrier laver 320 The second passivation laver 321 can be used for
protecting the second barrier laver 320 from being damaged in a subsequent removal
process. ki some embodiments, the second passivation layer 322 can be an amorphous
silicon layer formed by using a deposition process.

30225} As shown 1n FIG. 63, the portions of the second passivation laver 321, the second
barrier laver 320, the second storage layer 319, the second tunneling laver 318, and the
third channel structure 313 that are located at the bottom of the second through hole 317
and the top of the first through hole 305 can be removed. In some embodiments, the
removal process can include an etching process and a cleaning process.

[60226] in some embodiments, the portions of the second passivation layer 321, the
second barrier laver 320, the second storage layer 319, the second tunneling laver 318,
and the oxide layer of the second mask layer 316 that are located on the nuinide layer of
the second mask layer 316 can also be removed by using an etching process. As such, the
second functional layer can be formed on the sidewall of the second through hole 318,
and the second through hole 317 and the first through hole 308 can be interconnected

with each other, as shown in FIG. 63.
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66227} In some embodimenis, the portions of the second barner layer 320, the second
storage layer 319, and the second tunneling layer 318 that are located under the second
passivation laver 321, as shown in the dashed circle in FIG. 64, can also be removed by
using an etching process.

30228} AL S3011, the second tunneling structure, the third tunneling structure, the second
passivation layer 321, and the first passivation laver 310 can be removed. In some
embodiments, the second tunneling structure, the third tunneling structure, the second
passivation layer 321, and the first passivation layer 310 can be removed by using one or
more etching processes.  As such, a third through hole 322 can be formed by
interconnecting the {irst through hole and the second through hole, as shown i FI1G. 65

[60229] At 83012, a fourth channel structure and a first filling structure can be
sequentially formed on the sidewall and the bottom of the third through hole 322, In
some embodiments, the surface of the fourth chanmel structure can be higher than the
surface of the first filling structure. In some embodiments, the fourth channel structure
mchudes a joint channel structure that is sandwiched between the first stacked laver 302
and the second stacked laver 314, and covers the exposed swrface of the first insulating
connection layer 303.

1662364 As shown in FIG. 66, a fourth channel layver 328 can be formed {o cover the
sidewall and bottom of the third through hole 322 and the exposed surface of the third
imsulating connection laver 303, In some embodiments, the fourth channel laver 323 can
also cover the surface of the second nsulating connection layer 315, or the surface of the
nitride laver of the second mask laver 316, In some embodiments, the fourth channel
fayer 328 can be an amorphous stlicon laver formed by using a depostiion process.

1662314 As shown in FIG 67, a first filling laver 334 can be formed to cover the fourth
channel laver 328 and to fill the third through hole 322 In some embodiments, the first
filling layer 334 can be an oxide layer formed by using a deposition process.

60232} As shown i FIG. 68, a portion of the first filling fayer 334 can be removed, such
that the surface of the first filling layer 334 is lower than the top surface of the second
msulating connection layer 315, In some embodiments, the removal process can include
an etching process. The remaining portion of the second filling layver 334 in the third
through hole 322 can forro the second filling structure.

106233} As shown in FIG. 69, the portion of the fourth channel layer 328 located on the

top swrface of the second insulating connection fayer 315 or the top surface of the second
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mask layer 316 can be removed. In some embodiments, the removal process can include
an giching process. The remaining portion of the fourth channel layer 328 in the third
through hole 322 can forro the fourth channel structure. The top surface of the fourth
channel structure can be higher than the top surface of the second filling structure. As
such, a second groove can be formed on the fowrth channel structure and the second
filling structure, and in the third through hole 322,

(66234} 11 15 noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 314, or can be lower than the top surface of the
second stacked layer 314, The top surface of the fourth channel stracture s not lower
than the fop surface of the top oxide laver in the second stacked layer 314, In some
embodiments, the top surface of the fourth channel structure can be in a same plane of the
top surface of the top oxide layer in the second stacked layer 314

30235} AL 83013, a fifth channel structure can be formed in the second groove. The fifth
channel structure can be in contact with the fourth channel siructure. As shown in FIG.
70, the fifth channel structure 335 can be formed in the second groove that is on the
fourth channel structure and the second filling structure and in the third through hole 322.

160236} As shown 1 FIG. 71, the nitride layer of the second mask layer 316 can be
removed by an etching process. As shown in FIGs. 72A and 72B, the top surface of the
second insulating connection layer 315 and the top surface of the fifth channel structure
335 can be planarized.

60237} Accordingly, the disclosed method as shown in FlGs. 74A and 74B can form
a joint opening structure of a three-dimensional {3D) memory device by combining two
through hole formation processes.  As such, the formed channel hole having the joint
opening siructure can have alarge aspect ratio and a limited top-botiom aperture error.
Further, the disclosed method of forming a joint opening structure in a 3D memory device
can result in an efficient process capability control, a simplified process complexity, and a
redhuced cost.

30238} In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown 1n FIGs. 74A and
748. The three~-dimensional memory can include the following components described
below.

106239 A first stacked layer including a plurality of oxide/mitride layer pairs, such as

silicon oxide laver silicon nitride layer pairs, is formed on a substrate. A first insulating
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connection layer is formed on the first stacked layver. A first through hole penetrates the
first stacked layer and the first insulating connection layer, and extends into the surface of
the substrate. A first channel structure is formed on the surface of the substrate exposed
by the first through hole. A first functional layer is formed on the sidewall of the first
through hole.

[08248] A second stack layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on the top surfaces of the first
insulating connection laver. A second insulating connection layer is formed on the
second stack layer. A second through hole penetrates through the second stacked layer
and the second insulaling connection layer, and is intercormected with the first through
hole. A second functional layer is formed on the sidewall of the second through hole.

60241} The first through hole and the second through hole constitute the third through
hole. A fourth channel structure being contact with the first channel structure s formed
on the sidewall and the bottom of the third through hole. A first filling structure is
formed on the sidewall and the surface of the fourth channel structure to fill the third
through hole. In some embodiments, an atrgap is enclosed in the first filling structure.
The top surface of the fourth chanvel structure is higher than the top surface of the fust
filling structire. A fifth channel structure in contact with the fourth channel structure is
formed in a second groove that is surrounded by the second functional layer, and above
the fourth channel structure and the fivst filling structure.

30242} in some embodiments, as shown n FIG. 72A, a thickness “b” of the first
insulating connection layer, which is the distance between the top nitride layer of the first
stacked laver and the botiom nitride layer of the second stacked layer can be i a range

etween 80nm and 100nm, preferably about 90 A thickness “¢” of the third channel
structure can be in a range between 50nm and 70nm, preferably about 60nm.

60243] in some alternative embodiments, as shown in FIG. 72B, a thickness “b” of the
first inselating connection laver, which is the distance between the {op nitnide laver of the
first stacked layer and the botiom miride layver of the second stacked layver can be in a
range between Z0nm and 40nm, preferably about 30mm. A thickness “¢” of the third
channel structure can be in a range between SOnmw and 70nm, preferably about 60nm.

100244] Further, the error the radius of the aperture of different posttions of the thud
through hole can be within 15nm. That 1s, a difference between a maximum radius of the

third through hole and a minimum radius of the third through hole is less than or equal to
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15nm. Accordingly, the disclosed channel hole having a joint opening structure can have
a large aspect ratio and a limited top-bottom aperture error.

160245] In some embodiments, a replacement process can be performed fo replace each of
the plurality of nitride layers in the first stacked laver 302 and the second stacked
laver 314 with a conductive laver 440, as shown in FIGs. 73A and 73B. The conductive
laver can include any suitable material that is electronically conductive, ncluding, but not
homted to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof.

60246} In some embodiments, during the replacement process, a portion of the third
channel structure 313 that is adjacent with the bottom nitride layer of the second stacked
tayer 314, or s adjacent with the top nitride layer of the first stacked layer 302 can be
converted to an oxide layer by an oxidation process. That is, as shown in FIGs. 73A and
738, athickness “¢” of the third channel structure can be reduced afler the replacement
process. For example, the thickness “c” of the third channel structure can be reduced 1o
a range between 30nm and 30nm, preferably about 40nm.

66247} Referring to FIGs. 103A and 103B, schematic flow diagrams of anocther
exemnplary fabricating process for forming a joint opening structure of three~-dimensional
(3D) memory device are llustrated in accordance with some other embodiments of the
present disclosure.  And FIGs. 75-102 illustrate schematic structural cross-sectional
diagrams of an exemplary joint opening structure of three-dimensional (3D} memory
device at certain stages of the fabricating process shown in FIGs. 1034 and 103B.

303248} As shown in FIG. 103A, at S401, a first stacked layer 402 and a first insulating
connection layer 403 can be sequentially formed on the surface of a subsirate 401, In
some embodiments, the 3D memory device can include a fivet region 100, a second region
200, and a third region 300, as shown in FIG. 75, The first region 100 can be used to
form one or more channel holes, the second region 200 can be used to form one or more
staircase structure (S8} dummy holes, while the third region 300 can be used to form one
or more through array contact (TAC) barriers.

(08248} As shown 1 FIG. 75, the first stacked layer 402 can be formed on the substraie
401, The first stacked laver 402 can include a plurality of oxide/mitride laver pairs. That
is, in the first stacked layer 402, multiple oxide lavers {shown in the areas with dotes} and
multiple nitnide layers (shown m the areas with meshes) altemate in a vertical direction.

in other words. except a top and a botiom layer of a given stack, each of the other oxide
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fayers can be sandwiched by two adjacent nitride layers, and each nitride layer can be
sandwiched by two adjacent oxide layers,

662561 Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide fayer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitvide lavers can each have the same thickness or
have different thicknesses. For examople, a thickness of each mitride laver can be 1n a
range from 80nm to 110nm, preferably about 100nm. In some embodiments, the oxide
layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer.

60251 The first stacked tayer 402 can include any suitable number of fayers of the oxide
tayers and the nitnide lavers. In some embodiments, a total number of layers of the oxide
fayers and the nitride layers in the first stacked layer 402 s equal to or larger than 64. In
some embodiments, aliemating conductor/dielectric stack includes more oxide layers or
more nitride fayers with different materials and/or thicknesses than the oxide/mitride layer
pair.

[66252] The first insulating connection layer 403 can be formed on the first stacked
fayer 402, In some embodiments, the first insulating connection laver 403 can be made
by any suitable jnsulating material and/or dielectnic material, such as silicon oxide. It is
noted that, the matertal of the first insulating convection layer 403 can be different from
the material of the nitride laver in the first stacked laver 402.

[33253] Further, in some emwbodiments, a first mask laver 404 can be formed on the
surface of the first msulating comnection laver 403, The first mask layver 404 can include
anitride layer on the surface of the first insulating connection layer 403, and an oxide
fayer on the surface of such nitride layer.

66254} In some embodiments, the first stacked laver 402, the first nsulating connection
fayer 403, and/or the first mask layer 404 can be formed by using one or more deposition
processes, such as one or more chemical vapor deposition (CVD) processes, one or more
physical vapor deposition (PVD) processes, one or more atomic laver deposition {(ALD)
processes, and/or any suitable combinations thereof,

60255} At 5402, one or more first through holes 405 can be formed in each of the first
region 100, the second region 200, and the third region 300, As shown in FIG. 75, each
of the one or more frst through holes 405 can completely penetrate the first stacked layer
402 and the first insulating connection layer 403, and can extend into the surface of the

substrate 401. In some embodiments, when the first mask layer 404 is formed on the
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surface of the first insulating connection layer 403, the etching process also etch the first
mask layer 404 to form the first through holes 405,

1602561 In some embodiments, the first through holes 405 can be formed by etching the
first stacked laver 402 and the first insulating connection laver 403 and a subsequent
cleaning process. The etching process to form the first through holes 405 can be a wet
etching, a dry eiching, or a combination thereof 1t i3 noted that, m the direction
perpendicular to the surface of the substrate 201, the depth of the one or more first
through holes 405 in the third region 300 can be larger than the depth of the one or more
first through holes 4035 in the first region 100,

1662571 At S403, a first channel structure 406 can be formed on the surface of the
substrate 401 that is exposed by each of the plurality of first through holes 405, as shown
i FIG. 76. In some embodiments, the first channel structure 406 can be a polycrystalline
sthicon {polvsilicon) layer formed by using a selective epitaxaal process.

[60258] At 8404, a first functional laver can be formed on the sidewall of each of the
plurality of first through holes 405, The first functional layer can include a first tunneling
fayer 407, a first storage laver 408, a first barrier layer 409, and a first passivation layer
410,

60259 As shown m FIG. 77, the first tumneling layer 407 can be formed on the sidewall
of the plurality of first through holes 405 and the exposed surfaces of the first channel
structures 406, The first tunneling layer 407 can be used for generating electronic
charges {electrons or holes). In some embodiments, the first tunneling laver 407 can be
an oxide layer formed by using a deposition process.

[60266] The first storage laver 408 can be formed on the surface of the first tunneling layer
407, The first storage layer 408 can be used for storing elecironic charges. The storage
or removal of charge in the first storage layer 407 can impact the on/off state and/or
a conductance of the semiconductor channel. The first storage layer 407 can include
polverystatline silicon (polysilicon)y or silicon nitride.  In some embodiments, the first
storage layer 408 can be a rutride layer forroed by using a depostition process.

06261} The first barrier laver 409 can be formed on the surface of the first storage
fayer 408, The first barrier layer 409 can be used for blocking the outflow of the
electromc charges stored in the first storage laver 408, In some embodiments, the first
barrier layer 409 can be a silicon oxide laver or a combination of silicon oxide/silicon

nitride/silicon oxide {ONO) lavers. In some embodiments, the first barrier layer 409
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mciudes high dielectric constant (high-k) dielectrics {e.g., aluminum oxide). In one
example, the first barrier laver 409 is an oxide layer formed by using a deposition
Process.

160262} As shown in FIG. 78, a first passivation layer 410 can be formed on the surface of
the {irst barrier laver 409, The first passivation laver 410 can be used for proteciing the
first barrier laver 409 from being damaged 1o a subsequent rerooval process. Insome
embodiments, the first passivation layer 410 can be an amorphous silicon layer formed by
using a deposition process.

160263 The portions of the first passivation layer 410, the first barrier laver 409, the first
storage laver 408 and the first tunneling laver 407 located on the surfaces of the plurality
of first channel structures 406 on the bottom of the plurality of first through holes 405 can
be removed. In some embodiments, the removal process can include an giching process
and a cleaning process. As such, the first functional laver can be formed on the sidewalls
of the plurality of first through holes 403

{60264} In some embodimeni, in the same removal process, the first barrier layer 409,
the first storage laver 408, the first tumneling layer 407, and the oxide layer of the first
mask layer 404 located on the surface of the minde layer of first roask layer 404 can also

e removed. As such, the nitride layer of first mask layer 404 s remained on the swrface
of the first insulating connection layer 403.

60265} At 8403, a second channel structure can be formed on the sidewall of the first
functional laver and the exposed surface of the first channel structure 406 in each of the
plurality of first through holes 405, The second channel structure can be in contact with
the first channel structure 406 in each first through hole 405, The swrface of the second
channel structure in each first through hole 405 can be lower than the top surface of the
first insulating connection layer 403

[60266] As shown i FIG. 79, a second channel layver 411 can be formed to cover the
sidewalls of the {irst passivation layer 410 and the bottom of each of the plurality of first
through holes 403, The second channel layer 411 can also cover the surface of the first
msulating connection layer 403, or cover the surface of the nitride layer of the first mask
fayer 404, In some embodiments, the second channel layer 411 can be an amorphous
silicon fayer formed by using a deposition process.

1062671 As shown in Fi(Gs. 80A and 80B, a portion of the second channel laver 411 can be

removed, such that the top surface of the second channel laver 411 can be lower than the
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top surface of the first insulating connection laver 403. The remaining portion of the
second channel laver 411 can form the second channel structure that is in contact with the
first charmel structure 406, In sorve emboduments, the portion of the second chanmel
fayer 411 can be removed by using an etching process.

30268} It is noted that, in various embodiments, the top swrface of the second channel
structure can be higher than the top surface of the first stacked layer 402 or lower than the
top surface of the first stacked layer 402, However, the top surface of the second channel
structure is not lower than the top surface of the top oxide layer in the first stacked laver
402, In some embodiments, the top surface of the second channel siructure can be higher
than the fop nitride laver in the first stacked layer 402, as shown in FIG. 80A. In some
alternative embodimends, the top surface of the second channel structure is in asame
plane of the top surface of the top oxide layer in the first stacked laver 402, as shown in
FIG. 80B.

(60269} At 8406, a first groove can be formed above the first msulating connection
fayer 403 above each of the plurality of first through holes 4035, In some embodiments,
the projection of the first groove on the substrate 401 can completely cover the projection
of the corresponding first through hole 405 on the substrate 401,

1662764 As shown in F1Gs. 81 A and 818, the nitride layer of the first mask layer 404 can
be removed. in some embodiments, the nitride layver of the first mask layer 404 can be
removed by using an eiching process.

00274 As shown in FIGs., 82A and 828, the surface of the {irst msulating conneclion
fayer 403 can be planarized by any suitable techniques, such as backside grinding, and/or
chemical mechanical polishing {CMP). A portion of the first insulating connection layer
403 can be removed to form a plurality of first grooves that pencirate the first insulating
connection laver 403, An area of the projection of each of the plurality of first grooves on
the substrate 401 can be larger than an area of the projection of each of the plurality of
first through holes 405 on the substrate 401,

60272} in some embodiments, a depth of the first groove 412 can be equal to or less than
the thickness of the planarized first insulating connection laver 403, as shown in
FIG. 82A. For example, the depth of the first groove 412 can be in a range between
S0om and 70nm.  In one embodiment, the thickness of the planarized first msulating

connection laver 403 is about 90nm, while the depth of the first groove 1s about 60nm.
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(66273} In some alternative embodiments, the depth of the first groove 412 can be greater
than the thickness of the planarized first insulating connection layer 403, as shown
m FIG. 82B. That 15, a portion of the top nitride layer 1o the first stacked laver 402 can
also be removed to form the first groove. For example, the depth of the first groove 412
can be in 3 range between 30nm and 70nm.  In one embodiment, the thickness of the
planarized first insulating connection layer 403 is about 30nm, while the depth of the first
groove i1s about 60nm.

60274} At S407, a third channel structure 413 can be formed in each of the phuality of
first grooves 412 As shown in FIGs. 83A and 83B, the third channel structure 413 can
be in contact with the second chamnel structure in each of the pluraluy of first through
holes 405, In some embodiments, the third charmel! structure 413 can be a polycrystalline
silicon plaver formed by using a deposition process.

30275} A thickness of each third channel structure 413 can be equal to the depth of each
first groove 412. As described above, in some embodiments, a thickness of each third
channel structure 413 can be equal to or less than the thickness of the planarized first
msulating connection layer 403, as shown in FIG. 83A. For example, the thickness of
gach third chanunel structure 413 can be iu a range between 50w and 70nm, preferably
about 60nm. In some alternative embodiments, the thickness of each third channel
structure 413 can be greater than the thickness of the planarized first msulating
conmection laver 403, as shown in FIG. 83B. For example, the thickness of each third
channel structure 413 can be 1n a range between 60um and 80nm, preferably about 70nm.

66276} Referring to FIG. 103B, at S408, a second stacked layer 414 and a second
msulating connection laver 415 can be sequentially formed on the plurality of third
channel structures 413, As shown in FIG. 84, the second stacked layer 414 can include a
plurality of oxide/nitride layer pairs, such as silicon oxide lavers and silicon nitride layers.
Simiar to the first stacked layer 402 as described above, the multiple oxide lavers {shown
in the areas with dotes) and muditiple nitride lavers (shown in the areas with meshes) in the
second stacked layer 414 alternate in a vertical divection. The second stacked laver 414
can include any suitable number of layers of the oxide lavers and the nitride layers. In
some embodiments, a total number of lavers of the oxide layers and the nitride lavers in
the second stacked laver 414 1s equal to or larger than 64

1662774 in some embodiments, the second insulating connection layer 415 can be made by

any suitable insulating material and/or dielectric material, such as stlicon oxide. It is
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noted that, the material of the second insulating connection layer 415 can be different
from the material of the nitride ayer in the second stacked laver 414,

1662781 Further, in some embodiments, a second mask layer 416 can be formed ouv the
surface of the second insulating connection layer 415, The second mask layer 416 can
imclude anitride laver on the swrface of the second insulating comnection laver 415,
and an oxide laver on the surface of such nitride layer.

(66279} At 8409, one or more second through holes 417 are formed in each of the first
region 100, the second region 200, and the third region 300. As shown in FIG. 85, each
of the plurality of second through holes 417 can completely penetraie the second stacked
fayer 414, the second mmsulating connection layer 415, and the second mask laver 416, and
can extend imto the surface of the comresponding third channel structure 413, The
projection of each second through hole 417 on the substrale 401 can at least partially
overlap with the projection of the corresponding first through hole 403 on the substraie
401.

{66286} In some embodiments, the second stacked laver 414, the second insulating
connection layer 415, the second mask layer 416, and the third channel siructures 413 can

¢ eiched to form the plurality of second through holes 417 that peuetrate the second
stacked laver 414 and the second insulating connection layer 415, The second stacked
fayer 414, the second insulating connection layer 4135, the second mask layer 416, and/or
the third channel siructure 413 can be eiched by using a dry etchung process, a wet
etching process, or a combination thereof. A cleaning process can then be perforred to
clean the plurality of second through holes 417,

(60281} It i3 noted that, each second through hole 417 can extend to the swrface of the
corresponding third channel structure 413, or can extend into the corresponding thurd
channel structure 413, As such, a fourth channel structure formed subsequently in each
second through hole 417 can divectly contact the corresponding third channel structure.

60282} In some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 417 and the radius of the botiom aperture of the
second through hole 417 can be 15nm.  That is, as shown in FIG. 85, a distance “a”
between the boundary line of the top surface of each second through hole 417 and the
boundary of the botiom surface of the second through hole 417 can be ne more than 15

nm.
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60283} At 84010, a second functional laver can be formed on the sidewall of each second
through hele 417 In some embodiments, the second functional laver can include
a second tunneling layer 418, a second storage laver 419, a second barnier laver 420, and
a second passivation layer 421,

30284} As shown in FIG. 86, the second tunneling laver 418 can be formed on the
sidewall of each second through hole 417 and the surface of the corresponding third
channel structure 413. The second tunneling laver 418 can be used for generating
electronic charges. In some embodiments, the second tinneling fayer 418 can be an oxide
fayer formed by using a deposilion process.

[60285] The second storage laver 419 can be forroed on the surface of the second
tunneling layer 418, The second storage layer 419 can be used for storing electromic
charges. In some embodiments, the second storage layer 419 can be a wiiride layer
formed by using a deposition process.

[60286] The second barrier layer 420 can be formed on the surface of the second storage
fayer 419. The second barnier laver 420 can be used for blocking the outflow of the
electronic charges in the second storage layer 419, In some embodiments, the second
barrier layer 420 can be an oxide layer formed by using a deposition process.

1662871 As shown in FI(G. 87, a second passivation layer 421 can be formed on the surface
of the second barrier layer 420 The second passivation laver 421 can be uvsed for
protecting the second barrier layer 420 from being damaged in a subsequent removal
process. In some embodiments, the second passivation layer 421 can be an amorphous
silicon fayer formed by using a deposition process.

(60288} As shown in FIG. 87, the portions of the second passivation layer 421, the second
barrier laver 420, the second storage layer 419, the second funneling layver 418, and the
third channel structure 413 between each second through hole 417 and the corresponding
first through hole 405 can be removed. In some embodiments, the removal process can
imclode an etching process and a cleaning process. In some embodiments, the portions of
the second passivation layer 421, the second barner layer 420, the second storage layer
419, the second tunneling layer 418, the oxide laver of the second mask layer 416 that are
tocated on the nitride layer of the second mask laver 416 can also be removed by the
same removal process.  As such, the second functional laver can be formed on the
sidewall of each second through hole 417, and each second through hole 417 and the

corresponding first through hole 405 can be interconnected with each other.
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60289 In some embodimenis, the portions of the second barner layer 420, the second
storage layer 419, and the second tunneling layer 418 that are located under the second
passivation laver 421, as shown in the dashed circle in FIG. 88, can also be removed by
using an etching process.

30290} At 84011, the second tunneling structure, the third tunneling structure, the second
passivation layer 421, and the first passivation laver 410 can be removed. In some
embodiments, the second tunneling structure, the third tunneling structure, the second
passivation layer 421, and the first passivation layer 410 can be removed by using one or
more etching processes. As such, a phurality of third through holes 422 can be formed in
the first region 100, the second region 200, and the third region 300 by interconnecting
each first through hole and the corresponding second through hole, as shown in FIG. 89,

60291} At 84012, a fourth channel structure can be formed on the sidewall of the second
functional layer and the exposed surface of the third channel structure in each third
through hole 422 in the first region 100. Further, a first filling structure can be formed in
gach of the plurality of third through holes 422 in the first region 100, the second
region 200, and the third region 300, In some embodiments, the top surface of the fourth
channel structure can be higher than the top surface of the first flling structure.

106292} As shown in FIG. 90, a fourth channel layver 428 can be formed {o cover the
sidewall and the bottom surface of each of the phwality of third through holes 422 in the
first region 100, the second region 200, and the third region 300. In some embodiments,
the fourth chanunel laver 428 can also cover the fop surface of the nitride layer of the
second mask lfayer 416, In some embodiments, the fourth channel layer 428 can be
an amorphous stlicon fayer formed by using a deposition process. In some embodiments,
the fourth channel structure 428 includes a joint channel structure that s sandwiched
between the first stacked layer 402 and the second stacked laver 414, and covers the
exposed surface of the first insulating connection layer 403.

30293} As shown 1o FIG. 91, a second filling layer 429 can be formed {o cover the fourth
channel laver 428, In some emboduments, the second filling laver 429 can include one or
more airgaps in each third through hole 417, In some embodimenis, the second filling
fayer 429 can be an oxide layer formed by using a deposition process.

160294} As shownn FIG. 92, a thard mask layer 430 can be formed on the top surface of

the second filling layer 429 in the first region 100, Using the third mask laver 430 as
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a mask, the portions of the second filling laver 429 located in the second region 200 and
the third region 300 can be removed by using an etching process.

602951 As shown wn FIG. 93, the third mask laver 430 can be removed. Using the
remaining second filling laver 429 in the first region 100 as a mask, the fouwrth channel
laver 428 located in the second region 200 and the third region 300 can be removed by
using an etching process.  As such, one or more fourth through holes 431 can be formed
in the second region 200 and the third region 300,

66296} As shown in FIG. 94, a third filling laver 432 can be formed to cover the sidewall
and the bottom of the one or more fourth through holes 431 in the second region 200 and
the third region 300, The third filling layer 432 can also cover the exposed surface of the
first msulating connection layer 403 in each fourth through hole 431 in the second region
200 and the third region 300. In some embodiments, the third filling layer 432 can
enclose one or more airgap in one or more fourth through holes 431 Insome
emnbodiments, the filling performance of the third filling laver 432 can be better than the
filling performance of the second filling layer 429. That is, in a same removing process,
the removal rate of the third filling laver 432 can be less than the removal rate of the
second filling layer 429

160297} As shown in FIG. 95, the second filling layer 429 on the surface of the fourth
chanpel layer 428 in the first region 100 can be removed by using an etching process.
As such, one or more fifth through holes 433 can be formed in the first region 100, It i
noted that, a portion of the third filling laver 432 can also be removed by the same etching
Process.

(606398} As shown in FIG. 96, a {irst filling layer 434 can be formed in each fifth through
hole 433 10 the first region 100, and in each fourth through hole 431 1u the second region
200 and the third region 306, The matenial of the first filling laver 434 can be the same
material of the third filling layer 432.

30299} As shown in FIG. 97, a portion of the first filling layver 434 can be removed by
using an etchang process, such that the top surface of the first filling layer 434 1o ecach
fifth through hole 433 or fourth through hole 431 i1s lower than the top swrface of the
second insulating connection layer 415, The remaining portion of the {irst filling layer
434 wn each fourth through hole 431 or fifth through hole 433 can form the first filling

structure.
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60306} Further, the portion of the fourth channel layer 42¥ located on the surface of the
second insulating connection laver 415 or the surface of the second magsk layer 416 can be
removed by using an etching process. The remamning portion of the fourth channel laver
428 in each fifth through hole 433 can form the fourth channel structure. The top surface
of the fourth channel structure can be higher than the top surface of the first filling
structure. As such, a second groove can be formed on the fourth chanvel structure and the
first filling structure in each fifth through hole 433 in the first region 100, and on the first
filling structure in each fourth through hole 431 in the second region 200 and the third
region 300.

160361 1t 1 noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 414, or can be lower than the top surface of the
second stacked laver 414, The top surface of the fourth channel structure is not lower
than the top surface of the top oxide layer n the second stacked layer 414, In some
emnbodiments, the top surface of the fourth channel structure can be in a same plane of the
top surface of the top oxide layer in the second stacked laver 414

60302} At §4013, a fifth channel structure can be formed in the second groove of each
fifth through hole 433 in the first region 100 and each fourth 431 in the second region 200
and third region 300, The fifth channel structure can be in contact with the fourth channel
structure in each fifth through hole 433 in the first region 100.

[60383] As shown in FIG. 99, the fifth channel structure 435 can be formed in the second
groove that s on the fourth channel structure and the first filling structure 1 each Gfth
through hole 433 in the first region 100, The fifth channel structure 435 can also be
formed 1o the second groove that is on the first filling struchure in each fourth through
hole 431 wn the second region 200 and the third region 300,

60304} As shown i FIG. 100, the nitride laver of the second mask layer 416 can be then
removed bv an etching process. As shown in FIGs. 101A and 101B, the top surface of
the second insulating connection layer 415 and the top surface of the phuality of fifth
channel structures 435 can be planarized bv any switable technigues, such as backside
grinding, and/or chemical mechanical polishing (CMP}.

166305] Accordingly, the disclosed method as shown in FIGs. 101A and 101B can form
another joint opening structure of a three-dimensional (3D) memory device by combining
two through hole formation processes. As such, the formed channel holes having the

joint opening structiwe can have a large aspect ratio and a limited top-bottom aperture
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error. Further, the disclosed method of forming a joint opening structure in a 30 memory
device can simultaneously form a plurality of channel holes, siaircase dummy holes, and
through array contact barners, resulting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

30386} In some ewbodiments, the present disclosure also provides another three-
dirnensional memory device formed by using the above disclosed method as shown 1o
FIGs. 101A and 1018, The three-dimensional memory device can include a first region
for forming a plurality of channel holes, a second region for forming a plurality of
staircase structure (88) domwny holes, and athird region for formung a plurality of
through array contact {TAC) barriers. Along a direction perpendicular to the surface of
the three-dimensional memory device, the three-dimensional memory device can include
the following components.

[B0387} A first stacked layver including a plurality of oxide/nitnide layver pairs, such as
silicon oxide layer and silicon mitride laver pairs, is formed on a substrate. A first
msulating connection laver is formed on the first stacked laver. A plurality of firsi
through holes penetrating the first stacked layer and the first insulating connection layer
and extending imto the surface of the substrate are formed in the first region, the second
region, and the third region.

30308 A first channel structure is formed on the surface of the substirate exposed by egach
first through hole. A first functional layer is formed on the sidewall of each first through
hole. A second chanuel struciure is formed on the sidewall of the first functional layer
and the surface of the first channel structure in each first through hole. A first filling
structure i3 formed on the sidewall and the surface of the second channel structure to £l
each of the plurality of first through holes. In sormse embodiuments, an airgap can be
enclosed in the first filling structure in each first through hole. The top surfaces of the
second channel structure and the first filling structure are lower than the top surfaces of
the first insulating connection layer.

[B03093] A first groove is formed in the first josulating connection layer, and above the fivst
functional layer, the second channel structure and the first filling structure inn each first
through hole. A projection of each of the plurality of first grooves on the substrate
completely covers a projection of the correspounding first through hole on the substrate.
Athird channel structre in contact with the second channel structure in the

corresponding first through hole is formed in each first groove.
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60318 A second stack laver including a plurality of oxide/nitride layer pairs, such as
siticon oxide laver and silicon nitride layer pairs, is formed on the {op surfaces of the first
msulating connection layer and the plurality of third channel structures. A second
msulating connection layer 1s formed on the second stack layer. A plurality of second
through holes penetrating through the second stacked laver and the second insulating
conmection layer and extending into a surface of the third channel structure are formed in
the first region, the second region, and the third region. A projection of each of the
plurality of second through holes on the substrate at least partially overlaps the projection
of the corresponding first through hole on the substrate.

66311} A second functional laver is formed on the sidewall of each second through hole.
A fourth channel structure 15 formed on the sidewall of the second functional layer and
the bottom surface of each second through hole w the first region. A second filling 1s
formed to fill each of the plurality of second through holes in the first region, the second
region, and the third region. In some embodiments, an airgap can be enclosed in the
second filling structure. The top surface of the fourth channel structure is higher than the
top surface of the second filling structure in each second through hole in the first region.

66312} In the first region, a fifth chanvel structure i contact with the fourth channel
structure is formed in a second groove in each second through hole that is surrounded by
the second functional layer, and above the fourth channel structure and the second filling
structure.  And in the second region and the third region, a fifth channel structure 1s
formed 1 a second groove in each second through hole that is surrounded by the second
fimctional layer, and above the second filling structure.

(60313 Due to the fourth channel structures being formed in the second through holes in
the first region rather than the thurd region, the fifth channel structure in each second
through hole in the first region can be electronically connected with the first channel
structure in the corresponding first through hole, while the fifth channel structure in each
second through hole in the third region can be electronically insulated with the first
channel structure in the corresponding first through hole. Thus, n the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and 2
plurality of through array contact {TAC) barriers can be formed in the third region. The
plurality of staircase structure dumwuy holes 1n the second region can have a supporting

function of the staircase structure.
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(68314} In some embodiments, as shown in FIG 101A, in each channel hole in the first

region, a thickness “b7 of the first insulating connection layer, which is the distance

etween the top nittide layer of the furst stacked layer and the bottom nitnide layer of the

second stacked layer can be in a range between 80nm and 100nm, preferably abowt S0nm.

A thickness “c” of the third channel structure can be in a range between 50nm and 70nm,
preferably about 60nm.

{68315} in some alternative embodiments, as shown in FIG. 101B, in each channel hole in
the first region, a thickness “b” of the first insulating connection laver, which is the
distance between the top minde laver of the first stacked layer and the botiom nitnide
tayer of the second stacked layer can be in a range between 20nm and 40nn, preferably
abowt 30nm. A thickness “c” of the third channel siructure can be in a range between
50nm and 70nm, preferably abowt 60nm.

(30316} Further, the difference between the radiuses of the top aperture and the botiom
aperture of the second channel structure, and the difference between the radiuses of the
top aperture and the bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have alarge
aspect ratio and a lionted top-botiorn aperfure error,

10663174 in some embodiments, a replacement process can be performed {o replace each of
the plurality of nitride layers in the first stacked laver 402 and the second stacked
laver 414 with a conductive laver 440, as shown in FIGs. 102A and 102B. The
conductive layver can include any suitable material that is electronically conductive,
including, but not Himited to, W, Co, Cu, Al, doped silicon, silicides, or any combination
thereof

166318} in some embodiments, the replacement process can be performed in one or more
of the first region 100, the second region 200, and the third region 300. In one
embodiments, the replacement process is performed in the first region 100 and the second
region 200, but not in the third region 300, That 1s, the first stacked layer and the second
stacked layer m the fust region and the second region can be alternating
conductive/dielecinic stack, while the first stacked layer and the second stacked laver in
the third region can be aliernating oxide/nitride stack.

603194 In some embodiments, during the replacement process, a portion of the thud
channel structure 413 that 15 adjacent with the bottom nitride laver of the second stacked

layer 414, or is adjacent with the top nitride layer of the first stacked layer 402 can be
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converted to an oxide layer by an oxidation process. That is, as shown in FIGs. 102A and
1028, athickness “¢” of the third channel structure can be reduced afier the replacement
process. For exarnple, the thickness “¢” of the third channel structure can be reduced to
a range between 30nm and 50nm, preferably about 40nm.

[60320] The provision of the examples described herein {as well as clauses phrased as

Al

"such as," "eg." "including" and the like) should not be interpreted as limuting
the claimed subject matter o the specific exarples; rather, the examples are mtended to
iustrate only some of many possible aspects.

60321 Further, the words “first”, "second™ and the like used in this disclosure do not
denote any order, quantity or importance, but are merely intended to distinguish between
different constituents. The words "comprise” or "include" and the like mean that the
elements or objects preceding the word can cover the elements or objects histed after the
word and their equivalents, without excluding other elements or objects. The words
"connact” or "link” and the like are not limited to physical or mechanical connections, but
can include electrical connections, either directly or indirectly.

60322} Although the present disclosure has been described and Hustrated in the foregoing
tlustrative embodiments, i 1s undersiood that the present disclosure has been made only
by way of example, and that numercus changes in the details of embodiment of the
present disclosure can be made without departing from the spirit and scope of the present
disclosure, which is only limited by the claims which follow. Features of the disclosed
ernbodiments can be combined and rearranged in various ways. Without departing from
the spirtt and scope of the present disclosure, modifications, equivalents, or improvements
to the present disclosure are understandable to those skilled in the art and are intended to

e encorapassed within the scope of the present disclosure,
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COMBINED DECLARATION AN ASSIGHMENY

DECLARATION
As the below named inventors, Ehereby declare that:
This deslaration is directed tin
I The atiached application, or

e {inated States application or FCT internationa] application number 16/046.847

The above-tdentified applivation wag made orauthorired to be made by m,

I belisve that I am the original inventor or an origiaal jnint tnventor of 2 clajmed
invention in the application.

I hereby acknowledge that any willful false statement made in this declaration s
punishable ander 18 LLE.C. § 1001 by fine or impriconment of not more than five {3} vears, ov
both,

ASSIGNMENT

in consideration of the sum of One Doller ($1.00) or equivaleat and other good and
vatuakle sonsideration paid to sach of the below named inventors, sach of the below pamed
inventors, hershy solf and assign o Yangize Memary Techuologies Co., Lid,, a sorporation
formed under the laws of Ching, vhwose mailing address {s 18 Gaoxin 4th Boad, Bast Lake High-
Tech Development Zone, Wohan, Hubel, Chins (hereafter reforred 1o su the Assignee), histher
entive right, tithe and interest, including the right o sue for pasd infringenend and 1o collect for all
past, present and fubure dumages, for the United States of America (g8 defined in 35 US.C
¢ 100} and throughout the world,

{a} in the invention(s) koown as JOINT OPEXNING STRUCTURES OF
THREE-DIMENSIONAL MEMORY DEVICES AND METHOBS FOR
FORMING THE SAME o ohich application(s) for patent in the United States
of America is identified above, W asy and ali spplications thereon, in any aod all
Latters Patent(s) therefor, and

(I} v any and wll applications that <labm the benefit of the patent application
identified above tn part (), behuding non-provisional applications, continuing
{continugtion, divisional, or comtinuation-in-pary applleations, caissues,
exiensions, rencwals and reexaminations of the patent application or Letters
Patent therefor fisted above in part (8), to the full extent of the tetm or tomos for
which Lettsrs Patsnts fssue, and

Micron

Ex. 1002, p. 210
Micron v. YMTC
IPR2025-00245



RO NS00I

Appl. M. 164645847
Arty. Drocker Mo 4E23.0110002

(¢} in any and all inventions described in the patent application identified above in
part {2, and in any and all forus ofintelisctual and hdustrial property proteciion
durivable from such patent application, and that are derivable from any and all
contimting spplications, relssues, extensinns, renewals and reexamingtions of
such patent applivation, including, without Bmitation, patents, applications, utility
models, inventor’s certificates, and designs togather with the right to file
applications therefor; and twluding the right o claim the same priority rghts
frony any previously filed applicstions under the International Agreement for the
Protaction of Iodusirial Property, or any other intematinoal agresoment, 4 the
domestic laws of the country in which any such application is filed, 28 way be
applicable;

all such righte, title and interest to be held and snjovad by the shove-named Assignee, it
sucosssots, legal representatives and sssigns to the same extent a3 all such rights, title and
intgrest would have been held and enjoved by the Asgignor had this assignment and sale not bsen
made

The below named invendors agres 1o execute all papers necessary i somnnection with the
application{s} and any non-provisions!, continuing (continuation, divisional, or continuation-in-
part), reissus, reoxargioation or corsrsponding application(s) thereof ared alse to sxeculs sepamts
assignoents in consection with such application{s} &5 the Assipnee may deer sscessary or
expediont.

The below named inventors agree w0 sxecute all papers necessary in connection with any
patent enforcement sction (udicial or otharwise) rlated to the spplication(s) or any son-
provizional, oootinuing (contisustion, divisional, or contivustion-in-part), relssue or
resxatination spplication{s} thereof and to cooperate with the Assignse in every way possible in
obtaimning evidence sod going forwand with such pateot enfwcoment sction,

The below named inventoes herehy ropresent that ho'she bas 841 right & convey the
entire interest berelu wssigond, sod that hefshe has uol exenuted, snd will not exeoute, any
sppenment i conflicl therewith,

The below named inventors hereby represent that hefshe understands that the patent
practitioners associated with CUSTOMER NUMBER 36111 are the legal veprecenistives of,

inveniors.
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148 Zfﬁ L

¢
i £

i
X *m@% {a,

e,

Slgnature of Inventor:
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LEGAL NAME OF INVENTOR
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LEGAL NAME OF NVENTOR.
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Do code: Oath Altorney Docket No. 4123.0110002
Document Bescription: Qath or declaration filed

PTO/AIAIDZ (07-13)

Approved for use through 1430/2020, CME 0651-0032

US, Patent and Trademark Office; U8 DEPARTMENT OF COM CE

Under the Paperwork Reduction Adt of 1885, no persons are required fo respond to a eoliection of information unless it displays a valic OMB control number,

SUBSTITUTE STATEMENT IN LIEU OF AN CATH OR DECLARATION FOR UTILITY
OR DESIGN PATENT APPLICATION (35 UL8.C. 115(d} AND 37 CFR 1.64)

Tige of | THROUGH ARRAY CONTACT STRUCTURE OF THREE-DIMENSIONAL MEMORY
fnvention | DEVICE

This statement is directed to:

i | The attached application,

E\hxtm States application or PCT international application number 1 6!;@46?84? filed an JUEy 26’ 261 8

LEGAL NAME of inventor to whom this substitute statement applies:

{E.9., Given Name {first and midgie (if any)) and Family Name or Surname)
Feng PAN

Residence (except for 2 deceased or legally incapacitated inventor):

ity Wu ha n ? H u b@ﬁ State Country

Mailing Address (except for a deceased or legally incapacitated inventor):
Yangtze Memory Technologies Co., Lid
18 Gaoxin 4th Road, East Lake High-Tech Davelopment Zone

., Wuhan, Hubei L CN

State Zip Country

i belleve the shove-named inventor or joint inventor to be the original inventor or an original joint inventor of 2 daimed invention
i the application.

The above-identified application was made or authorized to be raade by me.

} hereby acknowledge that any williu { ine or
imprisonment of not mora than five {5) years, or both.

Ralationship to the inventer to whor this substitu

e statement applies:

[ 1 Legal Representative {for deceased or legally incapacitated inventor only),
| Assignee,

Eﬂ? Parson to whom the inventor is under an obligation to assign,

i Person who otherwise shows a sufficient proprietary interest in the matter {petition under 37 CFR 1.46 is required), or
[} Joint inventor.

[FPage 1of 2}
This colizction of information is reguired by 38 U.8.C. 115 and 37 CFR 1.83. The information is required 1o obtain or retain & bensfit by the pubtic which is to file (and
by the USPTQ io process) an application. Cenfidentiality is governadg by 33 U.8.C. 122 and 37 CFR 1.11 and 1.14. This colieciion is estimated (e take 1 minute to
compiete, indiuding gathering, prenading, and submitting the completed application form to the USPTG. Time will vary depending upon the individual case. Any
cormments on the amount of time you require to compiete this form and/or suggestions for reducing this burden, should be seni to the Chief Information Cfficer, U8,
Patent and Trademark Office, U.S. Department of Cammercs, P.O. Box 1450, Alexandria, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADD S SEND TO: Commissionar for Fatents, P.O. Box 14580, Alexandria, VA 223131450,

I you nesd assistancs in completing the form, calf {-806-PT0-9798 and seisct option 2.
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PTOISBIAIALR (B7-13)
se through 11/30/2020, OMB 0854-0032
UG, DEPARTMENT OF COMMERCE
ss it displays & valid OME contral number.

Approved for o
U.8. Patent and Trademark G
Under the Papenvork Reduction Act of 1995, ne persons are requirad to respond to a coliection of information un;

SUBSTITUTE STATEMENT

Circumstances permitiing exaecution of this substitute statement
E inventor is deceased,
E Inventor s under legal incapacity,
E&i Inventor cannot be found or reached after diligent effort, or

invarttor has refused fo exacute the oath or declaration under 37 CFR 1.83.

if there are joint inventors, please check the appropriate pox below:

E An application data sheet under 37 CFR 1.76 (PTO/AIN14 or equivalent) naming the entire inventive entity has been
or is currently submitted.

OR

[: An application data sheet under 37 CFR 1.78 (PTC/AIA/4 or equivalent) has not been submitted. Thus, a Subsiiiute
Statement Supplemental Sheet (PTO/ALA/T1 or eguivalent) naming the entire inventive entity and providing inventor
information s attached. See 37 CFR 1.64(b).

WARNING:

Petitioner/appiisant is cautionad to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Persenal information such as sockal security numbers, bank account numbers, or credit card numbers
(other than a chack or credit card authorization form PTO-2038 submitied for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of persenal information is included in documents submitiad 1o the USPTO,
petitioners/applicants should consider redacting such personal information from tha documents befere submitting them to the
USPTQ. Petitioner/applicant is advised that the recors of 2 patent application is available to the public after publication of the
fapplication (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application} or issuance of 2
patent. Furthermore, the record from an abandonad appiication may also be avaiiable fo the pub the applicationis
referenced in a published apglication or an issued patent (see 37 CFR 1.14). Chacks and credit card authorization forms
PTO-2038 subimiited for payment purposes are not retained in the application file and therefore are not pubiicly available,

PERSON EXECUTING THIS SUBSTITUTE STATEMENT:

e Y U-wen Wang

7
Signaﬁuret% n F’L/,ﬁ,aﬁ o4 M
APPLICANT MAME AND TITLE OF PERSON EXECUTING THIS SUBSTITUTE STATEMENT:
{f the applicant is a juristic entity, list the applicant nams and the titie of the signer:

Yangize Memuory Technologies Co., Lid.

Date (Qptional):

Apb!icant Name:

Title of Pergon Exgcuting . e
This Substitute Statement: Assistant Director

The signer, whose title is supplied above, is authorized 10 act on behalf of the applicant.
Hesidence of the signer {unless provided in an application data sheet, PTO/AIA/14 or equivalent):

City WaShEnthﬂ State Do Country U S

faiting Address of the signer {unless provided in an application data sheest, PTO/AIAN4 or squivalent}
1100 New York Avenue, NW

o« Washington DC ,, 20005 US

State Country
Note: Use an additional PTO/AIAZ form for each invenior who is deceasad, legally incapaciteted, cannst be found or reached
after diligent affort, or has refused te execute the cath or declaration under 37 OFR 1.83,
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U.8. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required o respond to 2 collection of information uniess H contains 3 valid OMB control number.

. . Attorney Docket Number | 4123.0110003
Application Data Sheet 37 CFR 1.78

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of Invention EORMING THE SAME

The application data sheet is pant of the provisional or nonprovisional application for which # is being submitted. The following form contains the
tibliographic data arranged in a format specified by the United States Patent and Trademark Office as cutlined in 37 CFR 1.78

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing Systemn (EFS) or the
document may be printed and included in 3 paper filed application,

Secrecy Order 37 CFR 5.2:

; Portiens or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuantio
* 37 CFR 5.2 (Paper filers only. Applications that fall under Secrscy Order may not be filed electronically.}

inventor Information:

inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Zhenyu LU

Residence Information {Select One) (O USResidency @ NonUS Residency () Active US Miitary Service

City Wuhan, Hubei Country of Residence i CN

Mailing Addrass of Inventor:

Address 1 Yangize Memory Technologies Co., Lid.

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

City Wuhan, Hubsi State/Province ]
Postal Code | Countryi CN

fnventor 2
Legal Name

Prefix| Given Nams Middie Name Family Name Suffix

Wenguang SHi

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

City | Wuhan, Hubei Country of Residence ! CN

Mailing Address of Inventor:

Address 1 Yangtze Memory Technologies Co., Lid,

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone
City Wuhan, Hubel State/Province
Postal Code Countryi f CN

fnventor 3
Legal Name
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U.8. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 18985, no persons are required {o respond to a collection of information uniess # containg a valid OMB control number,

4123.0110003

. . Attorney Docket Number
Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

Prefix| Given Name Middie Name Family Name Suffix
Guanging WU
Residence Information {Select One) () USResidency (8 Non US Residency () Active US Military Service
City | Wuhan, Hubei Country of Residence ! CN
Mailing Address of Inventor:
Address 1 Yangize Memary Technologies Co., Lid,
Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone
City Wuhan, Hubsei State/Provinge |
Postal Code | Countryi [ oN
inventor 4
iegal Name
Prafix| Given Name Middie Name Family Name Suffix
Feng PAN
Residence Information {Selsct One) (O US Residency (8 Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence i N
Mailing Address of Inventorn:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone
City Wuhan, Hubei State/Province
Postal Code | Countryi CN
fnventor &
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
Kianjin WAN

Residence Information {Select One) () US Residency

City Wuthan, Hubel

(& NonUS Residency () Active US Military Service

Country of Residence ! CN

Mailing Address of inventor:

Address 1 Yangize Memary Technologies Co., Lid,

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

City Wuhan, Hubei State/Provines |
Postal Code Countryi [ CN
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Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

Invenior &

Legal Name
Prefix| Given Nams Middie Name Family Name Suffix
Baoyou CHEN

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

City | Wuhan, Hubei Country of Residence | N

Mailing Address of Inventor:

Address 1 Yangize Memory Technologies Co., Lid.

Address 2 No. 88 Weilai 3rd Rd, East Lake High-Tech Dev Zone
City Wuhan, Hubel State/Province
Postal Code ; Country i CN

All Inventors Must Be Listed - Additional Inventor information blocks may be
generaled within this form by selecling the Add bulton.

Correspondence Information:

Enter either Customer Number or compiete the Corrsspondence information section below.
For further information see 37 CFR 1.33{a).

[1 An Address is being provided for the correspondence Information of this appilication.

Customer Number 26111
Email Addrass

Application Information:

Title of the Invention F?)nggn?\giﬁgéi?ﬂ;%s OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS
Attorney Docket Number] 4123.0110003 Small Entity Status Claimed [ |

Application Type Nonprovisional

Subject Matter Litliity

Total Number of Drawing Sheets {if any) 120 Suggested Figure for Publication {if any}
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Attorney Docket Number | 4123.0110003

Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

Filing By Reference:

Only complate this section when filing an application by reference under 35 US.C 111 and 37 CFR 1.57(2). 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 {FR 1.53(b}, the description and any drawings of the present application are replaced by this
reference to the previcusly filed application, subject to conditions and reguirements of 37 CFR 1.57(3).

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

Publication Information:

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

Request Not to Publish. 1 nereby request that the attached application not be published under
- 35 U.S.CL 122(b) and certify that the invention disclosed in the atlached 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 eighieen months after filing.

Representative Information:

Representative information should be provided for aill praclitioners having a power of aitormney 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 Represeniative Name section below. If both seclions are completed the customer
Number will be used for the Reprasantative information during processing.

Please Select One: @ Customer Number [ (O US Patent Practitioner | () Limited Recognition (37 CFR 11.9)

Customer Number 26111

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 118(g}, 120, 121, 365(c}, or 388(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constituies
the specific reference required by 35 U.8.C. 118{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 Conlinuity Type Prior Application Number YYYY-MM-DD)
Continuation of 16046847 2018-0G7-28
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. i Attorney Docket Number | 4123.0110003
Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

Prior Application Status | Pending

Filing or 371{(c) Date
Application Number Continuity Type Prior Application Number COYYY-MM-DDY
16048847 Continuation of PCT/CN2018/077738 2018-03-01

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.8.C. 118{b) and 37 CFR 1.55. When priorily is claimed 1o a foreign application
that is eligible for retrieval under the priority documeant exchange program (F"i:!)t{)-l the information will be used by the Office o
automatically attempt retrieval pursuant to 37 CFR 1.535(){(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 1.85(gy1).

Application Number C:oumryi Filing Date (YYYY-MM-DDY Access Code' (if applicable}
2017101347821 CN 2017-03-08

Application Number Ccun‘(ryi Filing Date (YYYY-MM-DD;) Access roﬂei {if applicable)}
2017101347838 CN 2017-03-08
Additional Foreign Priority Data may be generated within this form by selecting the
Add bution.

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

This application (1) claims priority 1o or the benefit of an application filed before March 18, 2013 and (2) also

contains, or contained at any time, a claim o a claimed invention that has an effective filing date on or after March
[1 18, 2013

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

18, 2013, will be examined under the first invenior to file provisions of the AlA.
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Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

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 writien
authority to permit a pariicipating foreign intellectual property (IP) office access o the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search resuits from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not o 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.

application. Afier the initial filing of an application, an Application Data Sheet cannot be used o provide or rescind
authorization for access by a foreign 1P office(s). Instead, Form PTO/SEB/38 or PTO/SE/SY must be used as appropriate.

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

A, Priority Document Exchange (PRX} - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{JPO), the Korean Intellectual Property Office (KIPO}, the State Intellectual Property Office of the People’s Republic of
China (SIPQ), the World intellectual Property Organization (WIPO), and any other foreign infellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a forsign
application claiming priority to the instant patent application is filed, access {o: (1) the instant patent application-as-filed
and iis 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(}
{1}.

the undersigned hereby grants the USPTO authority to provide the EPO access {o the bibliographic data and search
results from the instant patent application when a European patent appilication claiming priority to the instant patent
application is filed. See 37 CFR 1141 {&).

The applicant is reminded thal the EPCO's Rule 141(1) EPC (European Patent Convention) requires applicanis 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 o permit a participating foreign IP office access 1o the instant
[} application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign P office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPC any search resulis from the instant patent
[7] 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 o the
apptication in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

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 4

if the applicant is the inventor {or the reraining 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; orthe 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 GFR 1.48. {{ the applicant is an
applicant under 37 CFR 1.48 (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.

® Assignes () Legai Representative under 35 U.S.C. 117 (O Joint Inventer
(O Person to whom the inventor is obligatad 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 Appilicant is an Organization check here. b

Organization Name Yangize Memory Technologies Co., Lid.

Mailing Address Information For Applicant:

Address 1 Neo. 88 Weilai 3rd Road

Address 2 East Lake High-Tech Development Zone

City Wuhan, Hubei Btate/Province
Country’ } CN Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Dala may be generated within this form by selecting the Add bution.

Assignee Information including Non-Applicant Assignee Information:

Froviding assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Application Data Sheet 37 CFR 1.76

Application Number

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

Title of invention FORMING THE SAME

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent
apphcation publication. An assignee-applicant identified in the "Applicant Information” section wili appear on the patent application
publication as an applicant. For an assignes-applicant, compiete 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. N
Organization Name

Yangize Memory Technologies Co., Lid.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 No. 88 Weilai 3rd Road

Address 2 East Lake High-Tech Development Zone

City Wahan, Hubel State/Province
Country 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 bution.

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 checksd in
subsection 2 of the “Authorization or Opi-Qut of Authorization to Permit Access” section, then this form must
aiso be signed in accordance with 37 CFR 1.14{c}.

powsr of altorney {e.g., see USPTC Form PTG/AIA/ST) on behalf of all joint inventor-applicants.
See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature

/Donald J. Featherstons/ Date (YYYY-Mm-DD)| 2020-11-18

First Name | Donald Last Name

Featherstone Registration Number | 33,878

Additional Signature may be generaled within this form by selecting the Add button.
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. . Attorney Docket Number
Application Data Sheet 37 CFR 1.76

4123.0110003

Application Number

Title of invention FORMING THE SAME

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is 10 file (and by the USPTO {o process) an appiication. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This
collection is estimated 1o take 23 minutes o complete, including gathering, preparing, and submitling the complated appiication data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.8. Depariment of Commarce, P.O. Box 1458, 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 22313-1480.

EFS Web 2213

Micron Ex. 1002, p. 224
Micron v. YMTC
IPR2025-00245



IN THE UNITED STATES PATENT AND TRADEMARK CGFFICE

Inventors: LU ef o/ Confirmation No.: To Be Assigned
Applicant: Yangtze Memory Technologies Art Unit: To Be Assigned

Co., Ltd.

Application No.: To Be Assigned Examiner: To Be Assigned
{Continuation of Appl. No. 16/046,847; Iiled: Atty. Docket: 4123.0110003

July 26, 2018} “

Filed: Herewith

Title: JOINT QPENING STRUCTURES OF THREE-DIMERNSIONAL MEMORY BEVICES
AND METHODS FOR FORMING THE SAME

Authorization to Treat a Reply as Incorporating an
Extension of Time Under 37 C.ER. § 1.136(a2)(3)

Commissioner for Patents
PO Box 1450

Alexandria, VA 22313-1450
Commissioner:

The U.S. Patent and Trademark (Mfice is hereby authorized 1o 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 1s hereby authorized to charge all required extension of time fees to our
Deposit Account No. 19-0036, if such fees are not otherwise provided for in such reply.

Respectfully submitted,

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

Donald J. Featherstone
Attorney for Applicant
) Registration No. 33,876
N II l‘ !7 \ > 3
Date: 11/18/2020
1100 New York Avenue, NW.
Wagshington, D.C. 20005-3934
(202) 371-2600

15725750 t.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

APIEILJIA%SQON I 3511(LCI)NDGAOTYE Glgv?fT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
16/951,141 11/18/2020 2811 2240 4123.0110003 20
CONFIRMATION NO. 3874
26111 FILING RECEIPT
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.
1100 NEW YORK AVENUE, N.W. AL AR AU

WASHINGTON, DC 20005
Date Mailed: 12/01/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Zhenyu LU, Wuhan, CHINA,;

Wenguang SHI, Wuhan, CHINA;

Guanping WU, Wuhan, CHINA,;

Feng PAN, Wuhan, CHINA;

Xianjin WAN, Wuhan, CHINA;

Baoyou CHEN, 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 16/046,847 07/26/2018
which is a CON of PCT/CN2018/077785 03/01/2018

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 201710134782.1 03/08/2017 No Access Code Provided
CHINA 201710134783.6 03/08/2017 No Access Code Provided
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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: 11/30/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/951,141

Projected Publication Date: 03/11/2021

Non-Publication Request: No

Early Publication Request: No
Title

JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS
FOR FORMING THE SAME

Preliminary Class
257
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 16/951,141
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 320
SEARCH FEE
R i) N/A N/A N/A N/A 700
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 800
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 480 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 420
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 2240
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE() FEE($)
E AMENDMENT PAID FOR
L Total i =
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 M _
[T} (37 CFR 1.16(h)) - -
<§E 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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Approvad for use through 11/390/2020. OMB 0651-0031

LS Patent and Trademark Office; UL.S, DEPARTMENT OF COMMERCE

Under the F‘gpe:work Reduction Act of 1995, no persons are rf:quxr:—u to respond o a collection of -n‘o:rnat:or: uriess it contains a vaklid CMB control number,

Substitute for form 144%/PTC Camﬁ fete if Known
Application Number 18/651,141
INFORMATION DISCLOSURE i e Noverber 18, 2020
First Narned Inventor Fhenyu LU
STATEMENT BY APPLICANT At Uni 2812
{Use as many sheets as necessary) Examiner Name To Be Assignad
N zhest |4 [ of Attorney Docket Number {4123 0110003
U. 8. PATENT DOCUMENTS
e Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lin
initials® No.! MM-DD-YYYY Applicant of Cited Document Relevant Fassages or Relevant
Number-Kind Coge? kv Figures Appear
ust | US 2013/0109158 A1 05-02-2013  |Lesetal
usz | 55 2010/0078622 A1 04-01-2010 | Yoshimizu et al.
Ug-
us-
Uus
[SE8
Us-
us-
Uus
[SE8
Us-
us-
Us-
US-
s~
Us.
Us-
US-
Ls-
FOREIGN PATENT DOCUMENTS
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columng, Lines,
Initials™ No.! Date Appiicant of Cited Document Whaere Relevant Passages R
MM-DD-YYYY Or Relevant Figures Apgear | T°
Country Cede” Number U Kind Code’ ¢ krown)
FP1 | JP 20100080885 A (34-08-2010 {TOSHIBA CORP
Examiner Dale
Signature Considerad

TEXAMINGR: AUal If (GIerence CONSIGered, witeler OF f01 LAt 13 1N CONTOTMANce Win MERP 800, Hraw Ane through citation if not in ronfonmarm and not
considered. Include copy of this form with next communication o apphcam 1Apphf..dnl' s unigue citation designation number (optional). “3See Kinds Codes of
USPTC Patent Documents at or MPEP 601.04. ® Enter Office that issued the document, by the two- ¢ code (WIFQ Standard ST.3). * For
Japanese patent documents, the year of the reign of the Emperor must pr srial number of the patent document. “Kind of document by
the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possibie. B Apgplicant is to place a check mark here if English language
Transiation is attached.
This collection of information is required by 37 CFR 1.87 and 1.88. The information is required to obtain or retain a benafit by the public which is {o file (and by the
USPTC to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 87 CFR 1.14. This collection is estimated to {ake 2 houwrs to complete,
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an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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- Sterne Kessler

STERNE KESSLER GOLRATEIN & FOX

WENCHONG SHU

PATENT AGENT

(202) 772-8656
WSHU@STERNEKESSLER.COM

January 8, 2021

Commissioner for Patents Confirmation No. 3874
PO Box 1450 Art Unit 2812
Alexandria, VA 22313-1450 Attn: Mail Stop Amendment

Re:  U.S. Utility Patent Application
Application No. 16/951,141; Filing Date: November 18, 2020
For:  JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL
MEMORY DEVICES AND METHODS FOR FORMING THE
SAME
Inventors: LU et al.
Our Ref: 4123.0110003

Commissioner:
Transmitted herewith for appropriate action are the following documents:
1. First Supplemental Information Disclosure Statement;
2. Form PTO/SB/08a (1 sheet) listing 3 documents (US1-US2 and FP1); and
3. A copy of the cited document (FP1).

In the event that extensions of time are necessary to prevent abandonment of this patent
application, then such extensions of time are hereby petitioned.

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

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Wenchong Shu/

Wenchong Shu
Agent for Applicant
Registration No. 73,999
W-S/jcb
Enclosures 16083122 _1.docx

\"\“\‘.\.\..\ t"“\".‘,‘\\‘
¥ 1 Wankisarien, B 30008
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: LU et al. Confirmation No.: 3874
Applicant: Yangtze Memory Technologies Art Unit: 2812

Co., Ltd.

Application No.: 16/951,141 Examiner: To Be Assigned
Filing Date: November 18, 2020 Atty. Docket: 4123.0110003

Title: JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME

First Supplemental Information Disclosure Statement
Mail Stop Amendment
Commissioner for Patents

PO Box 1450
Alexandria, VA 22313-1450

Commissioner:

Listed on accompanying IDS Form PTO/SB/08a equivalent are documents that may be
considered material to the patentability of this application as defined in 37 C.F.R. §1.56, and in
compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 and 1.98.

Applicant has listed publication dates on the attached IDS Form based on information
presently available to the undersigned. However, the listed publication dates should not be
construed as an admission that the information was actually published on the date indicated.

Applicant reserves the right to establish the patentability of the claimed invention over any
of the information provided herewith, and/or to prove that this information may not be prior art,

and/or to prove that this information may not be enabling for the teachings purportedly offered.
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-2- LU et al.
Application No. 16/951,141
This statement should not be construed as a representation that a search has been made, or
that information more material to the examination of the present patent application does not exist.

The Examiner is specifically requested not to rely solely on the material submitted herewith.
Applicant has checked the appropriate boxes below.

[]1. Statementunder 37 C.F.R. 1.704(d). Each item of information contained in this Information
Disclosure Statement: (i) was first cited in any communication from a patent office in a
counterpart! foreign or international application or from the Office; and this communication
was not received by any individual designated in Sec. 1.56(c) more than thirty days prior to
the filing of this information disclosure statement; OR (ii) is a communication that was
issued by a patent office in a counterpart foreign or international application or by the
Office, and this communication was not received by any individual designated in Sec.
1.56(c) more than thirty days prior to the filing of the information disclosure statement.

X]2. Filing under 37 C.FR. § 1.97(b). This Information Disclosure Statement is being filed
within three months of the date of filing of a national application other than a continued
prosecution application (CPA), OR within three months of the date of entry of the national
stage as set forth in 37 C.F.R. § 1.491 in an international application, OR before the mailing

date of a first Office Action on the merits OR before the mailing of a first Office Action

! The term counterpart foreign patent application means that a claim for priority has been made in
either the U.S. application or a foreign application based on the other, or that the disclosures of the
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the
European Patent Office claiming the same U K. priority as claimed in the U.S. application).

Atty. Dkt. No. 4123.0110003
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-3- LUet al.

Application No. 16/951,141

after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement
or fee is required.

[ 13. Filingunder 37 CFR. § 1.97(c). This Information Disclosure Statement is being filed more
than three months after the U.S. filing date AND after the mailing date of the first Office
Action on the merits, but before the mailing date of a Final Rejection, or Notice of
Allowance, or an action that otherwise closes prosecution in the application.

[ ]a. Statementunder 37 C.FR. § 1.97(e)(1). I hereby state that each item of information
contained in this Information Disclosure Statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement.
37 CF.R. §1.97(e)(1).

[ 1b. Statement under 37 C.F.R. § 1.97(e)(2). I hereby state that no item of information in
this Information Disclosure Statement was cited in a communication from a foreign
patent office in a counterpart foreign application and, to my knowledge after making
reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c)
more than three months prior to the filing of this Information Disclosure Statement.
37 CF.R. § 1.97(e)(2).

[lc. The required fee is provided through online credit card payment authorization in the
amount of $260.00 in payment of the fee under 37 C.F.R. § 1.17(p).

[ 14. Filingunder 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being filed more

than three months after the U.S. filing date and after the mailing date of a Final Rejection or

Atty. Dkt. No. 4123.0110003
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-4 - LU et al.
Application No. 16/951,141

Notice of Allowance, but on or before payment of the Issue Fee. The required fee is

provided through online credit card payment authorization in the amount of $260.00 in

payment of the fee under 37 C.F.R. § 1.17(p); in addition:

[Ja.

Statement under 37 C.F.R. § 1.97(e)(1). I hereby state that each item of information
contained in this Information Disclosure Statement was first cited in any
communication from a foreign patent office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement.
37 CFR. § 1.97(e)1).

Statement under 37 C.F.R. § 1.97(e)(2). I hereby state that no item of information in
this Information Disclosure Statement was cited in a communication from a foreign
patent office in a counterpart foreign application and, to my knowledge after making
reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c)
more than three months prior to the filing of this Information Disclosure Statement.

37 CF.R. § 1.97(e)(2).

The patent family for one or more foreign language documents submitted herewith includes

a United States patent, and other patent, in the English language. Copies of both the

particular foreign patent(s) or published foreign patent applications cited in the foreign

patent office communication, and that are not already of record in this application, are

enclosed. Copies of the related United States or other English language patent or published

application from the family list, if not already of record, are listed on the accompanying

SB/08A form. For the purposes of a statement under 37 CFR 1.97(e)(1), the United States or

Atty. Dkt. No. 4123.0110003
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-5- LU et al
Application No. 16/951,141

other English language patent or published application are to be construed as being cited by
the foreign patent office. MPEP 609.04(b)(V).
The document(s) was/were cited in a search report by a foreign patent office in a counterpart
foreign application. Submission of an English language version of the search report that
indicates the degree of relevance found by the foreign office is provided in satisfaction of
the requirement for a concise explanation of relevance. MPEP 609.04(a)(I1I).
A concise explanation of the relevance of the non-English language document(s) appears
below in accordance with 37 C.F.R. § 1.98(2)(3).
Document US2 (2010/0078622 A1) is submitted herewith as as the English-language
counterpart of document FP1 (JP 20100080685 A).
A copy of document FP1 is submitted. However, in accordance with 37 CF.R. §
1.98(a)(2)(ii), no copies of the U.S. patent application publications cited as documents US1-
US2 on the attached IDS Form are submitted.

Copies of the documents were cited by or submitted to the Office

in an IDS that complies with 37 C.F.R. § 1.98(a)-(c) in Application No. , filed
, which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus,

copies of these documents are not attached. 37 C.F.R. § 1.98(d).

It is expected that the examiner will review the prosecution and cited art in the parent

Application No. 16/046,847, filed July 26, 2018 (now U.S. Patent No. 10,886,291), in

accordance with MPEP 2001.06(b), and indicate in the next communication from the office

Atty. Dkt. No. 4123.0110003
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-6- LU et al
Application No. 16/951,141
that the art cited in the earlier prosecution history has been reviewed in connection with the
present application.
[ ] 11. Applicants submit herewith Office Actions from the co-pending U.S. Patent Application

No. , filed , as documents to

The identification of these Office Actions is not to be construed as a waiver of secrecy as to
those applications now or upon issuance of the present application as a patent. The Examiner
is respectfully requested to consider the cited applications and the art cited therein during
examination.

It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS
Forms, and indicate in the official file wrapper of this patent application that the documents have
been considered.

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

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Wenchong Shu/

Wenchong Shu

Agent for Applicant

Registration No. 73,999
Date:  January 8, 2021

1100 New York Avenue, N.W.
Washington, D.C. 20005-3934

(202) 371-2600
16083115_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

[ APPLICATION NUMBER FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/951,141 11/18/2020 Zhenyu LU 4123.0110003
CONFIRMATION NO. 3874
26111 PUBLICATION NOTICE

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

100 NEW YORK AVENUE. W O

WASHINGTON, DC 20005

Title:JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR
FORMING THE SAME

Publication No.US-2021-0074718-A1
Publication Date:03/11/2021

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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A AA 71% FEREATDE, @dE-vEa-d vlo} 49100) 2 Y=< AYE Blo} F(200)9] FAF
F Utk Al AF AR 75 FREATDL. G9E B, Al AF mo 22132, 142)& T3 vlo} FHEE
g3t vlo} ABEE AEE ASE FL/EE (EFFE AREDR Z2) FdA F5 AIE e FHA A
BE Qo244 48 S . Al A od 28132, 142)0l4 8 Ad So] YRlE & 4bollA Hie=m
EAIEY gt}
[0(48] Aegrgto =z A ASZE FAA F(180)¢] Al AF FRE(132, 142, 165, 170} flo FZHE & itk AF

FHA F(180)L AIE AFdE F8 /74 A=g =TI, AF F21A F(180)e FAE 30mm WA
300mme] HFHY ¢ YA, o AAY ¢ E FAE JA oL & U

[0049] = 52 ¥ = 5b8 FRIW, HRW UEA A5 F(100Y FHox Ad FUZA dAHE Al AF A=y A7

(149)7F A1 AZ oo 29(132, 142)€ 33 FA4"ETG. Al AF b= AF049 e, =g ofdgo] 49

(100)ol A, omg 84Fe $A 2dsg ¥t oRe &8 FZREEo Fhea FAHE AXEA &

48 F Utk E B0, Hol= 415_&%1 E & zstE giandy A8 2E((RREADe] A1 HA S

(170) (g A ehapgt o = A 7(180)) Hel F4 I, gaaaE dEdse] gaads As éa‘ el 7A

TE B4 & dot. gAdowd Az 29 Yo HEe, sfEdd gihady g5 29E oA viiaEA
R

oft
il

ﬂlﬂ

ol g3l AHolE sl oA oAl s, A1 A A S(170)(R AMEAgomA F(180)& BT, F A1
A md 29132, 142)9] JAE T AAE ¢ Udn. dEdEgd gaads AR 28 e AT ol
< ?ﬂl 2 A (170 (F Agalg e zA] 5(180)) 2 Al A wo) 2€(132, 142)9] REEE A1 ﬂi
= vBE AFUDE FAESF oAAAT.  wpre] "Wk, Al A A F(170) 2 Al A no &
<132, 142)& B¢ #EdE gandd Az 29 g9 sge Aae, A1 A dxe A4 E
FAdst

[0050] g AAloell A, Al AS Zd 2132, 142)9] ABE Ay s8] ol &5 oA oF FAe Fe &AL
2 Al AT Zd 2E(132,142)00A 9 =1 B A2 A= AL HAXHIEIEE wdd F Uk, oA oA
2, dE Sof, e 954 ol o F T gdd oA A(AE S0, CF/0/Ar o1)Y & ok A1 A% of
Fa F)T(149)e] EHule ’é%ﬂ?‘—iii +4 Iﬂur HolwxdE 4 Ao}, F&HIA, dEdd a0y A=

2o & ] <]

Se) A" 5 k.
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[0051] AdEargemA, AS F214 5802 #Ed e Al AS dxeE 51499 FES A oAl 9
A SwEew Fgdd 5 vt =1 L AET FARA 080 (A=EEE A FEE EFEE F
) Al d4 FU32)BT 2 A HE2F 2 (5 f8 o) #44 AEE I, (HFE o] &3
=4 A4 5D %‘%/‘4 Aol AT FAHA S(180)9] Al e Al HT Axg siTe SUYE XAe-FE
g S »lfjr AT FAA F(180)2 Eﬂ% o H A A1 AF eine] A (149) 9] FE

_‘l
—
2
)
)
o{}l
Hj
E

] 4 = AT B Hell F&3A4 AL
Z8g Tl FEHA BAHY] A o 2 %% SHFE AEE = Ut

N

[0052] AL AF Amel AU B4 e AT FA FEA3D] $48 + Aok, 4B 5ol #3438 4
& 2ol AL A% Awe A6l HAE. 54 3 AR FE AL A T(5) R AL 94 g %
(12)9] Aol tha AMHez AAD + Y= N4 ARE gAY, @ A, HA A A5 FL,
deEE(lE Bof, aSi Ei %:qfﬂa:) g ezt &7, AZvhE, [V 338 WEx 42, Tk
olEe] &% T WEA ARE TIY F g AAAFeRM, 4 F3 A% & HAAS] Aol (m

WA 3nm W e FAE e 4 {T;’ /:}Zi‘r% T 9 e oA AA To] o8E # UH. 4 FFE A=
X

e v-nzd g4 : g % gtk ® e ANdelA, 34 33 A48 3
£ ool osl FHaM AAE S e wAD YFT me (P Ba T dololEE @ Ba Se) @
At ARE ZEY 4+ 9ot
[0053] S48 4 A8 FRES Al A9 AFQ70(R AGAFo R EAATHR $(180) F=FH AAR
gtk ol Bol, 54 33 AT & PV FAL olE3 Al AR B FO70)(R HEAGoM =
(180)%} 4e Ewe] o] &

F ATk Al dd A0S A %
= ®Ed AR FozM ogd ¢ UH. Al
A4 MEze AT 2 FEOA3DE 7EEH.

[0054] FA rrg AT F4 BE3DY A9 FR1S AlE 544 318009 Ad EWd 5 B Ao g
citk. 34 H=Ee 7}1—?‘ 4 BE(13D)E R A8EE 2EAY, 2EEA & A

[0055] T 78 FxEHE, Al As FREA32, 142, 170, 131) S A2 A& F& l FAE & g, A2 AS
FEL EH 53, g4 AB Fol € 7 U 290 AR S FU1EY oY 28 E?ﬁ‘ =

=
=

[o3]
AN

1;3 A EAE o 2 A & S R

< 7

LE3E £ v, #HEI FAL, 223 oA, e sAE Hwest
wH(
1 ol AF(149) e A

ﬁ

o

o, Mg 59 A2 A 2232, 242)0] A1 =) /’*E‘J(L‘SZ 142)4 A B gl TEEiA F3A

o A2 2E(232, 242)L TYEteE B4 A3 g2 7 A4 A8 =L XTI, D7 A3 A

A3 S E%ﬁ i, zkzhe] A4 A= & A3 XLL-‘EP—— Aold A4 Mg TIYE 5 Y. T

ool A, A3 A= 11 449 $0(132)9 A1 Agest T4 & U2, A4 A5+ A1 4 As 5142)9)

AEe} LY & %lr%.

[0056] gk A A H 3 xﬂ Fe A2 B F(232)Y4 & 9z, A4 AE & A2 @cﬂ =(232)8 Zzre] =3
< % *}0 | =2 o138 ZdolA A= Fd & k. 3 AAlSA, A3 AE AFH A4 A
2 Ee, 4, A2 7@10# & A A48 F242)d F U, A2 mﬁ Z(232)8) A3 AanE Holx
el d4 Y 5 o, A2 A B8 E(242)9 A4 A2, A2 AW F(232)9 A3 Ay AEH o
2 AAR ¢ oy A AEY S ok A2 FA AR F(242)L, A A, 9=A AE, B =4 A
= ﬁr;gw & ogith. A2 A AE 2(242)9] A4 AnE, THIA, o= 1. $°Z NAND tiufolxe] o

ACE AFEZA 7158 & 3 A7) B4 552 diAg 5+ do.

2 off m‘ﬂ £ -4

B> o ~{} mlm B

I

[0057] F(232)& 72 2 ARE T ¢ A3, e A2 HA4 HE H(242)L
.o B, A2 28232, 242)8 Yt B4 A2 84 F@232) # A2

ek, A2 " E(232)9] A AlsE. L BEA FA(CYD) Y 9 E)

S(242)9] A4 ME+=, d8 o], VD B ALD(atomlc layer deposition)®

[0058] - Hol shte] A AR 5 duk. A2 B F(232)¢0 o2 & e HEd
¢ o e AEd 4 Ao, A2 A AR F(242)2] A4 ABE= A2

Il 3 AdEldema AR F+ e HA Asolvr. A2 A AE F(242)] ] &

4 F U+ A zﬂ%—‘:— A1 FA Az F42)9] ol 82 F U= Lo Asd 5 Uk T AN A, A2
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AA Az Al A AB8e 248 5 AL, A2 34 As5e Al HA ABe w4 S
£

[0059] A2 A E(232) 2 A2 A AR F(242)°] FAE 20 om WA 50 e} WA S YA, zhzel A2 A
F(232) % 229 A2 (A AR F@a)el g8 8 A H 2 A% olgd A2 A Z(232)
B A2 f AR S BES W S 2 WA 10, FEHO 8 UA 209 WA S AT
e WE S5 oAl olgm 4 Atk @ AAdelA, A2 sE(232, 242) W] Zztel Az SA AE F
(e A7 AL A2 A4 AL B(242) WeAA AAAow R FUAG FAS AL + ATk

1o 32 yo
E—E‘

[0660] A2 AGE FH(SA2) W A2 AT EL—S—, Hojx el vhay S8 dRle] dis) Add AL Tl
A1 AGE FAGADNA Al ATE Z291S A7 ol8E A2 dAEN $28 AE] A dAEL o

T AT A2 Al

E3o] wE-lwel-dd wob J(400) B eEekel AWE vloh J (20004 FHL
of 9= wlob F9(200)

(=]
-AGE FAA AR BE(265)L, wE-wEg-ud dol H400) ® f=akel

ooy

o) Az AWY TAE ol FHY F A

[0061] Az BA R F(200)e A2 mr) (232, 242) ol FHe] I F AUk A2 AQ A FEOL A2
4 AR SN ARSE Pl T AR TPIA G LA, A2 4D A SEOE Bele
ABES THY S Yrh @ AN, AL E A2 4 A5 F42, 242)e Y= AREL TIY 5
gith.

[0062] Yursgon wa

W, AR 21322307 (34 AR (142, 242) Feo]) 204 g 22| Ho® e T
2 W A 2100 Aol 4D 2 Um, Aok sibe] @-ADY FAA AL (65,
265)& Hol= shdel wo) A= (132, 142, 232, 242) A9} AT P o] WA & Yo},

[0063] = 8 ® = 8bE A=Y, A2 AT AA JT FEEQTDLE Al A AA 7T FEREQATD Al ¥ A2
T o 2132, 142)°] FEE0 A4E & Ur. & £, A2 A% AA VF FEEQITDE #F-
Ee-gd vlop H(400) H =] AHYE vlo} A(200) U A1 AF AA JlE FEREATDY AT E

dol AW BHY © A, A2 AT AR AF FRECTDE, B Bl A2 AT ma AR, 22E
5 wlo} ABEIE Fgstx vloh ANEE delT AHE YEE (IT0F ABES TL) FA4 2E 4
g T F1A AR ALo=H YL 5 3

[0064] AEagod, SH-HE-dd gL EUX dg PRE(TDE A2 AS WY 29232, 242)9] 49 22
o) 2E0) A B 4E & Uth Ag-secl-wd g Eux HY PREI26 % 2uHE o
2 54 AR F(42)€ SUA-HY-AD W] B o] TN AR Aol Atk Se-dg-w
L e Edx Aol FRE(DL BSEE, BB, )% AL $E UG lE vt Aol Angsos

1] 2 E-
EEIT. myd-Ag-wd 3 ERE 7—431 TERE(72)2 AYE AAFE -»-4 A4 Aq2E TG, A
1 AlE 2y 2"(132, 142) 2 A2 AS T 2¥9(232, 242)9] Al So] A= &= SbOJIH 7"’&2_?’:— EAE o]

Ozo

ek AL A2 % A3 WY BE e 741% FHEE U A FHAF Boi,

[0065] = 92 # = E FXRIYE, H2 AF FRE(232, 242, 270)0F T AXAHE A2 AF o2 s g4 o
w2 AT FF FEOSD fed ¥ el FA"ET. XEYHA=E %‘“% 23]2 AE TERE(232, 242, 270) 9
o BAE + 9T, I vee AT FA FRA3DY AL, F, AL AS we AT HEH A HE
S BNRES AAaad YD + 9. AL A AR AT A g HE @i

hde A2 AT R ATE Aedsied olgd 5 9. @xad® AEde TRAASE $9 A9
c = el s

2 Az A FRE@232, 242, 270)2 T3 AAEZ] 98] oA oAl FaE S Urk. & AA A, A2
A wof 2¥(232, 242)9] AEF oAEY] 8] olgHe oA A TAO HI ALL A2 AS uo &
Bl(232, 242)el A Rshe Am FE9 AL FHHgeEs YT F Yt oA «AHL, dF B4, ¢
o] Tgd o2 oAY 4 Ut dEdE HAhodd G5 2HE, JdF Sof, oA oA FA Fol o
o o5 AALE = Yot

[0066] ohefel ¥<l A dl=g AT FH FRA3DY A TAL A9 A2 AF vme AT stuels 2o
How =Fd + Uk, A Dﬂ 61 AT FF FEQA3DS 49 EHe] Eeldos =&d §, oA FAo
s, 4 Areg g FH FEOAsDY I AeF A2 AF ud 29232, 242) 3 Al AF 2Zd =
21(132, 142)9] As(E *E—Ok C4Fg/Oz/Ar ol Aol oisll deEgxox AAH .

[0067] A wmeE AT FA FEQ3DY AAA, A2 AT vEe AT A1 AT dxg A749) e zhzbe] §

_41_

Micron Ex. 1002, p. 309
Micron v. YMTC
IPR2025-00245



SIS 3l 10-2018-0095499

@ A% mo =132, 142) 2 A2 AF o) 29232, 242)& T3 AFHE
dh, ﬁ AvlE = 2 AN E Mze ATugHn AFET. B@W 9 g2
& Zhzpel dmel AT(49)e] ate EHA EelHem w&E 4 ot

A Sis 221 el Ah
s e ‘d‘*iﬂ 1 A=

offe 2.

L

off
ox,

[0068] E 10a 2 X 10bE 2, #Agag Ad FEADS HA9d g
(49)9] steto] M eALgt EH 63*4% = /:i%‘ﬂ A B A,
S(10)9 EEHLE =
A 04741 D} ke

2T
i“‘;
m

o rE

2 o

L/

ﬂ

B

ol

1o

2 .

o,

kY

te

ol i

W

-~ kﬂ.

= 2k

[Fsl

et

f OQ

=2

o

I nll:

S

pe ill .

= o

H ]
ﬂJ_,

o @ K

!-ﬂ

L

Ry W

o 2 H
fﬁd F
2
FE _‘HE ,_l“'l
Lo
2 19
e =
H -r’
‘jg @
o2
oo
1 o

o% o

Ly

iz

i1

=l

2,

1
o fo

)

2

& A xje] Vﬂ Hl 2 Ad FEADY A }E‘?ﬁ—%, Sl H7] EE Fo] &34 IA4E
=]

Boas de duEe duEe 71E Ay 9%

==

[0069] Mme] 28 EZ(5)L dme) AT@9) Ul 84E 5 Ut dAHed delA, Aze) sme] a8 Ta
2(55)€, wwel w(s0), 53 HHEA] xwuso) % AEAGAR] fAA] 2ol(62)F ERT F Ak @ A
Melol ], zpzhe) wlmel wH(50)&, AUEe] olAlH wheh o], MEAAQ AW FHA F(51), Wme A
= E064), % HYY 5384 66 TR S Utk @ ANeelal, 27e) $4 wEA] A6 Al
wEAl AY(e0l) B Al REA AE60)e TR S Ak AR AT R Al A A A% Ta2E
(7D E AR AT 4G E 5z L E 4a0lal #9) BAENA BAHE Aoz ENFe YA, =
E

g2 AAlddMe, Az AF40) # Al As AA 7Is 720D g AA ATe LT AR B
AErh. o AAelA], vlEY ArIFoR FEHA @ ¢r ke 28 FES IFEie Al AT
A2 7l FREATDHLE, dng 28 FEEGSC] AR ATFU9d BA4EE A FA AA AT

7=
48 5 g
[0670] Aw gAAl FGDE, AT ANE, (L2UE AR Fo) 444 25 40E =b o8 2% 59 &
¢ $74 ARE YV QEATomA, AY FH F(GUE o T4 vA 52 4% + du, O
o Fest we gol WY =RE sl $4E £ AP @ AAdeA, sud Az EGHL, A8
gel. de@ A58d & Ak, 94 de 28 AE Tt Ao 2H A2 & A

[0071] MEE AR F64E FAT 2HEY DY WEY Az 2024 FAFAY, B4 uune AR FEY &
e THY 5 ok BE dne 45 3L, o8HE A%, Ed4 AR(AE B ¥29, gelny,
e, HEE A3 feE. 2 IS ¥F §o 25, Sr Gad Asnels, G2 deidels, £
2a gebels, RE Aeltels, HeE dedels, UR deiels, B 89 x¢ 5o 23 dea
o) W/EE WEA AL(AR B, HoE shtel a UEA 8k Te AoiE sie AYE wEA A
2% ¥£gstt Ay Tt ugd NEH 2)8 TPE 259 0|48 BT ACE 45 FEL TIU &
Aot uemA me Erbm, dWwel ga 6L, st olge Mol ARE A2WUE Fo| Ad4 ds
=Y Ang TP S Yot ey, dEe Ax 2(G0L, 9F S0, 2UF JuedAL & A @
& e 9R Fol B4 GugRE ZRE Aok dwe Am S60S, O Bel, seE F3(OD).

A AHALD), B FAPD), T A7) AsE AFstr] AR dele) Y B sl%el o3 Y42
ook, wimel Am 2(54)9] FAE 2mm WA 20mme] B9 F AR, © AAY © 2 FAR A4 g

2 5 o

(0072} HEd FHA S(56)8, AHT d7A vloloj Fd stelA Hat HEHol #d8E & e A MEE F
e )

[6673] st Bdge, 42 e 339 NAND 2EY g Hupolke] Fa BEd E%'ﬂ' 3t Ao F4E ¥
) wx ded-x=2E3tY(Fowler—Nordheim) #E E'é fr= Ast Ao o8 e+ . HEg FHA
F(66)2, A AEE, Hd2 dsE, dgs J’ﬂ’éﬁr%, (&Fme 2zs 3 SFJ AsE 59) Fd
A w78 A8E, FAA 55 ASASE, FHA 55 7AGE, g @5, B/EE cEs £2YE 2EE 5
ek T AAdel A, HEy FHA F(66)E, %“Eﬂ ONO 8ozl &3, Al He& 2se &, da&
AstEsE 5, B A2 A AsE 8 28 Y 5 Ao, BHE" 514 S(66)9 FAE 2m A
20mme] BRI 5 AN, © ZAAY o & FARE 94 o8& 5 vk

[0674] A1 wi=A A S8, AY sebH FA(PCOD) Fo XY A e o vl w(s0) He HAE F
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tr. Al BEA AE Fo FAE 2om WA 1omme] HEHY 5 EZM o ZAAv o & FAE A olgd
T S xﬂl H_Eiﬂ Ad T B odEe H(G0)E oA olAHe o £ RES AAY 5 ATk 4z

= oztzbe] wimE Aol stgRERE AAE 5 Jdu. Al 9= Qg o) 7z}
4 EA AdeoDE FART. Al BEA e, HoR shie] 94 wEA A=,
Ao shube] TII-V SFE 9= A=, HAR shue] [1-VI 3% 9=a] 48, Hojk shte] {7] 9=
A AR, EE & &Rk TAHE JlEe] wEA A T, BEA ARE ZFE 4 ddg. @

Aalefell A, Al BEEA] AE(601)S vAA He e Fed9Es Y & Ao

o &

{0675] A2 VA A T, Al BEA ALG0D(E, A1 WA A %Q Di?q 3 %j—%) /é,“ﬂ E R
O
°

=
A FRODEE ARG Y FRADe] EAsA 2 A

M’

2 k. A2 wEA Al Fe, A1 BEA g S oled =, 0
S ARE ERATG. AL A2 WEA AW BEE, Al EAY 28CE, AW MEA 200 Q0
EARE AAL, AEHeR A4, F, 1.0 x 10 /oE 2B 2= ZUE FES 12 4 Yo @

AN, A2 BEA AE S AR Hdelw we Eau

Ho
FoAE 2om WA 10nms) WYL & QAT © AAG o 2 FAE G4 olgE F

[0076] FAA Aae A2 BH=A A Fol 3 BEHA AuEE el HHE ¢ ar. F5A A2 Ad 3 S
(270)9] g EW olfie]l 2538 4 Uv. =R F'H:rL el F1A Az ZAze) vnR 2EL FHA
FZA(62)E TAET. A2 E’ﬂ’“‘é(lﬂl EREH dgd)e 4 =39 UEA AEe, FHA Z62) A4
2oz A e AEEE W HAEso =g 9638 AT & Ut EE‘JEI WA Ane, AE
0], =" 2H48EY 5 dn. HA"E u=A A5y Hd FEL, o8 Eo. 8% 71A% HYESH(0WP)
e 255 dAd g8, A2 ZA A F(270)2 AT ZERo2RE AAHY Eﬁil‘l FH(63)F BFAHE = o
o A2 B=A AE Fo A4S UmA FES A2 BiEA AE602)E TASH. =2y siT HE Al
RiEA L0 A2 H=A AE(602)8] =FL #F BEA AE60E TS

[0077] v 28 A8 FRE(55) Zzke, oE2Eg =25(50), ¥ HYH NvEA A5 =(10) e zZHztel 3 xid o
=2 =4 AE(80)S 8. Zze rire (50, dERdg AT S9Ha FGEFsle z2a
g

=

off 1

(6D, #d FAA (6D WS F9 Aol AT (A A5 F(142, 242)9) zhete} el 84
2 09 FEEEA FHEHE) &9 dap A% 49, ¥ B dlst A G YRl A
A F66)E& TFE 5 AUt

[0078] A1 AZ TEE(132, 142, 170, 165, 171), A2 AF FE2E(232, 242, 270, 265, 271, AF
(180), # dizmg] 28 FREGHES AFHLE dEeg-Ud gEgE 74T, dAxg-uE Qe
el WEA A5 500, wlze] 28 FRE(65) He] 77 B 60 drifen HAEH 59 W
=4 Adg THIES AE V=LA A F(10) Sl FA T

n
=

oo

{00791 A1 ARE #@d FHA F(280)& oEE-Ud oZEF 9o FAE 4 o, Al AKE H@¥E FAA S
(280)L, F& FA GASNA A AE E(142, 242)¢ dASIE g HAy] =31 25 2 =9 H9(6

el FE HHE vlo} FaEe] T4 FAHE dEE deA .

{0080] = 1la ¥ X 11bE FZFsid, fzeg-d408 ojdEeE Tl zhzhe #AE-vmel-zE slo} 9 (400)¢] #E-
Are-epd A (7697 FAE & Aot odE Eof, WEg-EE oJAEYE E—EH ﬁx%ﬂ = 2 e-7
H (769 A2 Ad g9 FHo] 449 & U, dE-vEE-dE 769 s, o5 S0, A1 A=
G FAA S(280) e TEHAXZE Z(767)2 FAst, TEHAZE *‘0(767)" g e dst
zZtzhel #E-w=el-ed nlo} G (400) ol AFE BAstL, EEE%IZ]*E =9} FNF oteel ¥l HE
—gull ojaBa 7 A1 AYE W $AH =(280)8 REESL tomHW 449 ¢ Ut % 4
el A, ztzrel Ao FE& zizie] dE-vime-wE dlo} F(400)9] & HAHL $MF BE(F, 50% ©
)& T 5 et
[0081] #HE-vzg-2E A7) DE-vR-HE dlol FHUopolwt FAFHn, Y=l AUE dlol g
(200) == HEg ojde] AF100)E FAFHA FErh, =] AHE Hlo} FH(200) T+ H=EE ol
o] (1002 FHEL AHEdHEH TEHAAXE F(767) 59 vtad Tow g3,

i

iz,

ol_ﬂﬂlm

[008z] HE-mme - T (769 =, dRe-HE g, B9 PUEA A5 F(10), AGAEH] W =14 A
5 F6), 2 Aok shtel g9l dE f3A AE (760 FAE FI AE F vk F Al 7}
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7t} wE-vlwal-ad T769) ) B B a9 AL FE AeEs FRE(7E0)°] AT wY e 9
g 4 . desA, sel W F5 FEHE FEETE0)Y A¥T A BF-vmd-gw AT
76N FelHo wEE F Jo. @ Aldeld, wE-vimel-a AT (769) vz oj sz
2 oA BEA AR FA0E B AFHE dAHoR F4d ML TIFT + Avh 2 FAAeIA ALE
2 u, Svo] SxolA SAMORHE 55 v RS Holh: B, Hue rAAHe R farelr),
[0083] %122 % 12b6% FESW, $A5 B4 Aw o, %Pﬂiﬂ %—z_ Aol 94 2 A1 AgE

rﬂ
o
5=
o
Q‘L
e
4
o, Mr
i
o)
ftl
L
2
o
0%,
o
)
”)ir‘
ofje
FN

#E FHA F(280)9 MD} x ] A 8.9 zﬂﬂoﬂ 4514 z}z}g
#E-vime-gd JH(769) ol FAdET. §HA F4 A= —‘%‘5_—(430)g ?*_E%% Tk
HAEE Asg), =EE g R, B o2d-2 2 =
Aue, A¥xE H4 g, vxEEE 94 A4S HEEY T 2F, ®

ek FREA FH A Y BFEE, 288 oA, 554 FAH FHEIH(WP). BE olEY =%l s
AAL = AUrk

[0084] = 132 2 = 13bE F2IE, vy AYE EAX(79)7F 584 A1 AGNE @4 544 F(280) B w=Ee-
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