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Addendum

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

2. Yangtze Memory Technologies Co., Ltd.
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4. A record in this system of records may be disclosed, as a routline use, 1o a contractor of the Agency
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5. A record related 1o an Inlernational Application filed under the Patent Cooperation Treaty in ihis
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intelieciual Property Organization, pursuant 1o the Patent Cooperation Treaty.
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8. A record from this system of records may be disclosed, as a rouline use, to the public afler either
publication of the application pursuani to 35 U.S.C. 122(b) or issuance of a palent pursuant {o 35
U.8.C. 151. Further, a record may bhe disclosed, subject to the limitations of 37 CFR 1.14, as a routine
use, to the public if the record was filed in an application which became abandoned or in which the
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: Sterne Kessler

STENRNE KESRLER QGDLOSTEIN & FOX

DONALD J. FEATHERSTONE
DIRECTOR

(202) 772-8629
donf@sternekesslencom

July 26, 2018

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

Re:  U.S. Non-Provisional Utility Patent Application under 37 C.F.R. § 1.53(b)
(Continuation of Appl. No. PCT/CN2018/077785; Filed: March 1, 2018)
Appl. No. 7o Be Assigned; Filed Date: Herewith
For:  JOINT OPENNING STRUCTURES OF THREE-DIMENSIONAL
MEMORY DEVICES AND METHODS FOR FORMING THE

SAME
Inventors: LU etal.
Our Ref: 4123.0110002

Commissioner:

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

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

2. Authorization to Treat a Reply As Incorporating An Extension of Time
Under 37 C.F.R. § 1.136(2)(3);

3. U.S. Utility Patent Application entitled:

JOINT OPENNING 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
Baoyou CHEN

Stern, Kovsler Gnldetelr fFox PLL.C, | 1100 Maw York Avsaus, NW | Washinglon, Bl 20005
P ROR3TLRE00 | FIORITLI540 | sternekeasienoon
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Commissioner for Patents
July 26, 2018

Page 2

the application consisting of:

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

b. A specification containing;
i 61 pages of description prior to the claims;
il 6 pages of claims (20 claims); and
1it. a 1 page abstract; and

c. 120 sheets of drawings (Figures 1-6, 7A, 7B, 8A, 8B, 9A, 9B, 10A, 10B,
11A 11B, 12-20,21A, 21B, 22A, 22B, 23A, 23B, 24-29, 30A, 30B, 31A,
31B, 32A, 32B, 33A, 33B, 34A, 34B, 35-47, 48A, 48B, 49A, 49B, S0A,
50B, 51-55, 56A, 56B, 57A, 57B, 58A, 58B, 59A, 59B, 60-71, 72A, 72B,
73A-74B, 75-79, 80A, 80B, 81A, 81B, 82A, 82B, 83A, 83B, 84-100,
101A, 101B, 102A, 102B, 103A, and 103B); and

4. An executed Power of Attorney by Applicant (PTO/AIA/82B) and the Transmittal

for Power of Attorney form (PTO/AIA/82A).
The above-listed documents are filed electronically through EFS-Web.
Correspondence should be sent to Customer Number 26111.

This patent application is being submitted under 37 C.F.R. § 1.53(b) without Declaration
and without the required fees.

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

/Donald J. Featherstone/

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

DJF/W-S/:mlb

Enclosures

9714868_1.doc
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Electronic Acknowledgement Receipt

EFS ID: 33297553
Application Number: 16046847
International Application Number:
Confirmation Number: 7612

Title of Invention:

JOINT OPENNING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES

AND METHODS FOR FORMING THE SAME

First Named Inventor/Applicant Name: Zhenyu LU
Customer Number: 26111
Filer: Donald J. Featherstone/Maya Bennett

Filer Authorized By:

Donald J. Featherstone

Attorney Docket Number: 4123.0110002
Receipt Date: 26-JUL-2018
Filing Date:
Time Stamp: 19:22:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

41270110002application.pdf

7735883

ac6a4a0f11cad90ce57a9c938c669fddff8b6)
3le

yes 206
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 205 206
Drawings-only black and white line drawings 85 204
Abstract 84 84
Claims 78 83
Specification 17 77
Application Data Sheet 7 16
Authorization for Extension of Time all replies 6 6
Transmittal of New Application 3 5
Transmittal Letter 1 2
Warnings:
Information:
Total Files Size (in bytes){ 7735883

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Document Description: Power of Altorney

PTO/AIAMRZA (D7-13)

Approved for use through 01/31/2018. OMB 065100356

U.8. Patent and Trademark Office; U.

DEPARTMENT OF COMMERCE

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE )
REGISTERED PRACTITIONERS )

NOTE: This form is to be submitied with the Power of Attorney by Applicant form (PTO/AIA/S2E) io 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/S2A nor form PTO/AIAS2B identifies the application to which the Power of Attorney is

directed, the Power of Attorney will not be recognized in the application.

Application Number To Be Assigned
Filing Date Herewith
Zhenyu LU

First Named Inventor

Title JOINT OPENNING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME
Art Unit To Be Assigned

Examiner Name

To Be Assigned

Attorney Docket Number 14123 0110002

SIGNATURE of Applicant or Patent Practitioner

Signature

/Donald J. Featherstone/

Date {Optional)

7126/18

Name

Donald J. Featherstone

Registration
Number

33,876

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: Tnis form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If

more than one applicani, use multiple forms.

*Total of 1§ {Qng} 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 benefil by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This coliection is estimated {0 take 3 minutes to 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 Cfficer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1480, Alexandria, VA 22313-1480.

"4

if you need assistance in completing the form, call 1-800-PTO-8199 and sefect option 2.
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FIG. 1
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 8A FIG. 8B
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FIG. 11A FIG. 11B
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FIG. 12
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FIG. 13

Micron Ex. 1002, p. 22
Micron v. YMTC
IPR2025-00294



Drawing Sheet 14/120

Micron Ex. 1002, p. 23
Micron v. YMTC
IPR2025-00294



Drawing Sheet 15/120

T S A

e e e e 2 X R

%

o

T T N U A A, % 4, e

W IR AL Y W Ry o,

PNHE R A % e s v,

Micron Ex. 1002, p. 24
Micron v. YMTC
IPR2025-00294



Drawing Sheet 16/120

—
Lo LN

B S e ———

(Y

ARG S

FIG. 16

Micron Ex. 1002, p. 25

Micron v. YMTC

IPR2025-00294



Drawing Sheet 17/120

.17

FIG

Micron Ex. 1002, p. 26

Micron v. YMTC

IPR2025-00294



Drawing Sheet 18/120

.18

FIG

Micron Ex. 1002, p. 27

Micron v. YMTC

IPR2025-00294



Drawing Sheet 19/120

.19

FIG

Micron Ex. 1002, p. 28

Micron v. YMTC

IPR2025-00294



Drawing Sheet 20/120

&@f%ﬁf SOCNNRREE

f.,

AR

[ ] .
e

.20

FIG

Micron Ex. 1002, p. 29

Micron v. YMTC

IPR2025-00294



Drawing Sheet 21/120

R

¥

21B

FIG.

L21A

FIG

Micron Ex. 1002, p. 30

Micron v. YMTC

IPR2025-00294



Drawing Sheet 22/120

PRI

o,
g

SRS

o

W

A ¥ e
AN w40
AT TN
SR I
SRR R A NS\

FIG. 22A FIG. 22B

Micron Ex. 1002, p. 31
Micron v. YMTC
IPR2025-00294



Drawing Sheet 23/120

Sequentially forming a first stacked layer and a first insulating connection
layer on a substrate

Y

Forming a first though hole that penetrates the first stacked layer and the first
insulating connection layer, and extends into the surface of the substrate

Y

Forming a first channel structure on the surface of the substrate that is
exposed by the first through hole

Y

Forming a first functional layer on the sidewall of the first through hole

Y

Sequentially forming a second channel structure and a first filling structure
on the sidewall of the first functional layer and the exposed surface of the
first channel structure

Y

Forming a first groove in the first insulating connection layer, the projection
of the first groove on the substrate completely covering the projection of the
first through hole on the substrate

Y

Forming a third channel structure in contact with the second channel
structure in the first groove

Y

S108

FIG. 23A
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S107

Y

Sequentially forming a second stacked layer and a second
insulating connection layer on the third channel structure

Y

Forming a second though hole that penetrates the second stacked
layer and the second insulating connection layer, and extends into
the surface of the third channel structure, the projection of the
second through hole on the substrate at least partially overlaps
with the projection of the first through hole on the substrate

Y

Forming a second functional layer on the sidewall of the second
through hole

Y

Sequentially forming a fourth channel structure and a second
filling structure on the sidewall of the second functional layer and
the exposed surface of the third channel structure

Y

Forming a fifth channel structure in contact with the fourth
channel structure in a second groove that is above the fourth
channel structure and the second filling structure

FIG. 23B
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Sequentially forming a first stacked layer and a first insulating connection layer
on a substrate including a first region, a second region, and a third region

Y

Forming multiple first though holes that penetrate the first stacked layer and the
first insulating connection layer, and extend into the surface of the substrate

Y

Forming a first channel structure on the surface of the substrate that is exposed
by each of the multiple first through holes

Y

Forming a first functional layer on the sidewall of each first through hole

Y

Forming a second channel structure on the sidewall of the first functional layer
and the exposed surface of the first channel structure in each first though hole

Y

Forming a first groove in the first insulating connection layer above each first
though hole, the projection of the first groove on the substrate completely
covering the projection of the corresponding first through hole on the substrate

Y

Forming a third channel structure in contact with the second channel structure in
each of the multiple first grooves

Y
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Sequentially forming a second stacked layer and a second insulating
connection layer on the multiple third channel structures

Y

Forming multiple second though holes that penetrate the second
stacked layer and the second insulating connection layer, and extend
into the surface of the third channel structure, the projection of each
second through hole on the substrate at least partially overlaps with

the projection of the corresponding first through hole on the substrate

S409

Y

Forming a second functional layer on the sidewall of each of the
multiple second through holes

S4010

/

Y

Removing the second tunneling structure, the third tunneling structure,
the second passivation layer, and the first passivation layer to form a
plurality of third through holes that are formed by interconnecting
each second through hole with the corresponding first through hole

Y

Forming a fourth channel structure on the sidewall of the second
functional layer and the exposed surface of the third channel structure
in each third through hole in the first region, and forming the second
filling structure in each third through hole in the first region, the
second region, and the third region

Y

Forming a fifth channel structure in contact with the fourth channel
structure in a second groove that is above the fourth channel structure
and the first filling structure in each third through hole in the first
region, and a fifth channel structure in a second groove that is above
the first filling structure in each third through hole in the second
region and the third region
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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 insulating connection layer, a first channel structure at the bottom of the first through hole, a
first functional layer on the sidewall of the first through hole, a second channel structure on the
sidewall of the first functional layer, a third channel structure over the first through hole, a
second stacked layer on the third channel structure, a second insulating connection layer on the
second stacked layer, a second through hole penetrating the second stacked layer and the second
insulating connection layer, a second functional layer disposed on the sidewall of the second
through hole, a fourth channel structure on the sidewall of the second functional layer, and a fifth

channel structure over the second through hole.
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WHAT IS CLAIMED IS:

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

forming a first stacked layer and forming a first insulating connection layer on the first
stacked layer;

forming a first through hole that penetrates the first stacked layer and the first insulating
connection layer;

forming a first channel structure overlaying the surface of the substrate that is exposed by
the first through hole;

forming a first functional layer on the sidewall 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;

forming a third channel structure in contact with the second channel structure above the
first through hole, wherein a projection of the third channel structure on the substrate covers a
projection of the first through hole on the substrate;

forming a second stacked layer and forming a second insulating connection layer on the
first insulating connection layer;

forming a second through hole that penetrates the second stacked layer and the second
insulating connection layer, wherein a projection of the second through hole on the substrate at
least partially overlaps with the projection of the first through hole on the substrate;

forming a second functional layer on the sidewall of the second through hole;

forming a fourth channel structure and forming a second filling structure on the sidewall
of the second functional layer and the exposed surface of the third channel structure; and

forming a fifth channel structure in contact with the fourth channel structure above the

second through hole.

2. The method of claim 1, wherein:
the first stacked layer includes a first number of oxide/nitride layer pairs; and

the second stacked layer includes a second number of oxide/nitride layer pairs.

3. The method of claim 2, wherein:

the first number and the second number are not less than 32.
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4. The method of claim 1, wherein forming the first functional layer comprises:

forming a first tunneling 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;

forming 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 layer on the surface of the first storage layer to block the outflow of
charges in the first storage layer;

forming a first passivation layer on the surface 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
layer, and the first tunneling layer on 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.

5. The method of claim 4, wherein forming the second channel structure and the first filling
structure comprises:

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

forming the first filling layer that covers the surface of the second channel layer;

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

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

insulating connection layer.

6. The method of claim 1, wherein forming the third channel structure comprises:
etching the first insulating connection layer to form a first groove, wherein a projection of
the first groove on the substrate covers the projection of the first through hole on the substrate;
forming a third channel layer in the first groove, wherein the third channel layer is in

contact with the second channel structure; and
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planarizing the top surfaces of the first insulating connection layer and the third channel

layer to form the third channel structure.

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

etching the first insulating connection layer and at least a portion of the top nitride layer
of the first stacked layer to form a first groove, wherein 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 in the first groove, wherein the third channel structure
is in contact with the second channel structure; and

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

structure.

8. The method of claim 1, further comprising:

forming a first mask layer overlaying the first insulating connection layer before forming
the first through hole; and

removing the first mask layer after forming the first filling structure;

forming a second mask layer on the second insulating connection layer before forming
the second through hole; and

removing the second mask layer after forming the second filling structure.

9. The method of claim 1, wherein forming the fourth channel structure and the second
filling structure comprises:

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 surface of the fourth channel layer;

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

insulating connection layer.
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10.  The method of claim 1, wherein forming the fifth channel structure comprises:

etching the second insulating connection layer to form a second groove, wherein
a projection of the second groove on the substrate covers the projection of the second through
hole on the substrate;

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

planarizing the top surfaces of the second insulating connection layer and the fifth

channel layer to form the fifth channel structure.

11. A joint opening structure of a three-dimensional (3D) memory device, comprising;

a first stacked layer disposed overlaying a substrate;

a first insulating connection layer disposed on the first stacked layer;

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 substrate;

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 layer;

a third channel structure in contact with the second channel structure disposed over the
first through hole, wherein a projection of the third channel structure on the substrate covers a
projection of the first through hole on the substrate;

a second stacked layer disposed on the third channel structure;

a second insulating connection layer disposed on the second stacked layer;

a second through hole penetrating the second stacked layer and the second insulating
connection layer, wherein a projection of the second through hole on the substrate at least
partially overlaps with the projection of the first through hole on the substrate;

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
sidewall of the second functional layer; and

a fifth channel structure in contact with the fourth channel structure disposed over the

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

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

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;

14.

15.

16.

17.

18.

19.

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

The joint opening structure of claim 11, wherein:
the first stacked layer includes a first number of conductor/dielectric layer pairs; and

the second stacked layer includes a second number of conductor/dielectric layer pairs.

The joint opening structure of claim 14, wherein:

the first number and the second number are not less than 32.

The joint opening structure of claim 11, wherein:
the first stacked layer includes a first number of oxide/nitride layer pairs; and

the second stacked layer includes a second number of oxide/nitride layer pairs.

The joint opening structure of claim 16, wherein:

the first number and the second number are not less than 32.

The joint opening structure of claim 11, wherein:

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

The joint opening structure of claim 11, wherein:

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

equal to or less than 30nm; and

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

is equal to or less than 30nm.
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A joint opening structure of a three-dimensional (3D) memory device, comprising;
a first stacked layer disposed overlaying a substrate;

a first insulating connection layer disposed on the first stacked layer;

a second stacked layer disposed on the first insulating connection layer;

a second insulating connection layer disposed on the second stacked layer;

a plurality of channel holes in 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;
wherein each of the plurality of channel holes includes:

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 substrate,

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 layer,

a third channel structure in contact with the second channel structure disposed
over the first through hole, wherein a projection of the third channel structure on the
substrate covers a projection of the first through hole on the substrate,

a second through hole penetrating the second stacked layer and the second
insulating connection layer, wherein a projection of the second through hole on the
substrate at least partially overlaps with the projection of the first through hole on the
substrate,

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 sidewall of the second functional layer, and

a fifth channel structure in contact with the fourth channel structure disposed over

the second through hole.
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JOINT OPENNING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to PCT/CN2018/077785 filed on March 1, 2018,
which claims the priorities of Chinese Patent Application No. 201710134782.1, filed on
March 8, 2017, and Chinese Patent Application No. 201710134783.6, filed on March 8,

2017, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to the field of semiconductor technology,
and more particularly, to joint opening structures of three-dimensional (3D) memory

devices and method for forming the same.

BACKGROUND

[0003] As semiconductor technology advances, three-dimensional (3D) memory devices,
such as 3D NAND memory devices, keep scaling more oxide/nitride (ON) layers.
As such, it becomes difficult to use a single etching process to form the channel 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
capability control of the formed channel holes, including bow-free, straight profile,
critical dimension (CD) uniformity, minimal twisting, etc., tend to be more challenging.

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

BRIEF SUMMARY

[0004] 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.

[0005] One aspect of the present disclosure provides a method of forming a joint opening

structure in a three-dimensional (3D) memory device. The method includes forming a
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first stacked layer and forming a first insulating connection layer on the first stacked
layer, forming a first through hole that penetrates the first stacked layer and the first
insulating connection layer, forming a first channel structure overlay the surface of the
substrate that is exposed by the first through hole, forming a first functional layer on the
sidewall 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 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 layer on the first insulating connection layer, forming a second through hole
that penetrates the second stacked layer and the second insulating connection layer. A
projection of the second through hole on the substrate at least partially overlaps with the
projection of the first through hole on the substrate. The method further includes forming
a second functional layer on the sidewall of the second through hole, forming a fourth
channel structure and forming a second filling structure on the sidewall of the second
functional layer and the exposed surface of the third channel structure, and forming a fifth
channel structure in contact with the fourth channel structure above the second through
hole.

[0006] In some embodiments, the first stacked layer includes a first number of
oxide/nitride layer pairs, and the second stacked layer includes a second number of
oxide/nitride layer pairs. The first number and the second number are not less than 32.

[0007] Forming the first functional layer includes forming a first tunneling layer on the
sidewall of the first through hole and the exposed surface of the first channel structure.
The first tunneling layer is configured, in operation, to generate charges. Forming the
first functional further includes forming 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 layer on the surface of the first storage layer to block the outflow of charges in the
first storage layer, forming a first passivation layer on the surface 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
layer, and the first tunneling layer on the surface of the first channel structure. The

remaining portions of the first passivation layer, the first barrier layer, the first storage
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layer, and the first tunneling layer on the sidewall of the first through hole form the first
functional layer.

[0008] Forming the second channel structure and the first filling structure includes
forming a second channel layer that covers the sidewall of the first passivation layer and
the exposed surface of the first channel layer, forming the first filling layer that covers the
surface of the second channel layer, removing a portion of the first filling layer to form
the first filling structure, wherein the top surface of the first filling structure is lower than
the top surface of the first insulating connection layer, and removing a portion of the
second channel layer to form the second channel structure. A top surface of the second
channel structure is lower than a top surface of the first insulating connection layer.

[0009] Forming the third channel structure includes etching the first insulating connection
layer to form a first groove. In some other embodiments, forming the third channel
structure includes etching the first insulating connection layer and at least a portion of the
top nitride layer 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 layer is in contact with the second channel
structure, and planarizing the top surfaces of the first insulating connection layer and the
third channel layer to form the third channel structure.

[0010] In some embodiments, the method further includes forming a first mask layer
overlaying the first insulating connection layer before forming the first through hole, and
removing the first mask layer after forming the third channel structure, and forming a
second mask layer on the second insulating connection layer before forming the second
through hole, and removing the first mask layer after forming the fifth channel structure

[0011] Forming the fourth channel structure and the second filling structure includes
forming a fourth channel layer that covers the sidewall of the second functional layer and
the exposed surface of the third channel layer, forming a second filling layer that covers
the surface of the fourth channel layer, 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
lower than a top surface of the second insulating connection layer. A top surface of the
second filling structure is lower than the top surface of the second insulating connection

layer.
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[0012] Forming the fifth channel structure includes etching the second insulating
connection layer to form a second groove, forming a fifth channel layer in the second
groove, wherein the fifth channel layer is in contact with the fourth channel structure, and
planarizing the top surfaces of the second insulating connection layer and the fifth
channel layer to form the fifth channel structure. A projection of the second groove on
the substrate covers the projection of the second through hole on the substrate.

[0013] Another aspect of the present disclosure provides another method of forming a
joint opening structure in a three-dimensional (3D) 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 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 layer 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 hole, forming a first functional layer on the
sidewall 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 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 includes forming a second stacked
layer on the first insulating connection layer, forming a second insulating connection
layer on the second stacked layer, forming a plurality 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
substrate. The method further includes forming a second functional layer on the sidewall
of each second through hole, forming a fourth channel structure and forming a second
filling structure on the sidewall of the second functional layer and the exposed surface of
the third channel structure in each second through hole in the first region, and forming a
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 channel
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structure above each second through hole in 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 includes
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 layer, forming a third mask layer that covers the third filling
layer in the first region, and using the third mask layer 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 layer in the first region as a mask to 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 layer 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
in the first region, the second region, and the third region, removing a portion of the
second filling layer to form the second filling structure in each second through hole, and
removing a portion of the fourth channel layer to form the fourth channel structure in
each second through hole. The top surface of the second filling structure is lower than the
top surface of the second insulating connection layer, and the top surface of the fourth
channel structure is lower than the top surface of the second insulating connection layer.

[0015] Another aspect of the present disclosure provides annother method of forming a
joint opening structure in a three-dimensional (3D) memory device. The method includes
forming a first stacked layer and forming a first insulating connection layer on a substrate,
forming a first through hole that penetrates the first stacked layer and the first insulating
connection layer, forming a first channel structure overlay the surface of the substrate that
is exposed by the first through hole, forming a first functional layer on the sidewall of the
first through hole, forming 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 layer on the third channel structure, forming a second
through hole that penetrates the second stacked layer and the second insulating

connection layer. A projection of the second through hole on the substrate at least
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partially overlaps with the projection of the first through hole on the substrate. The
method further includes forming a second functional layer on the sidewall of the second
through hole, removing portions of the second functional layer and the third channel
structure at the bottom 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 channel 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 connection layer, forming a first filling
structure that covers the surface of the fourth channel structure, and forming a fifth
channel structure in contact with the fourth channel structure above the joint through hole.
[0016] Another aspect of the present disclosure provides another method of forming a
joint opening structure in a three-dimensional (3D) 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 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 layer and the first insulating connection layer 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 layer on the sidewall of
each first through hole, forming a second channel structure on the sidewall of the first
functional layer 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
includes forming a second stacked layer and forming a second insulating 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 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
substrate. The method further includes forming a second functional layer on the sidewall
of each second through hole, removing portions of the second functional layer and the

third channel structure at the bottom of each second through hole to interconnect the

Atty. Dkt. No. 4123.0110002

Micron Ex. 1002, p. 142
Micron v. YMTC
IPR2025-00294



-7 -

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 on the sidewall of each joint through hole and the
exposed surfaces of the first insulating connection layer, forming a first filling structure
that covers the surface of the fourth channel structure in each joint through hole, and
forming a fifth channel structure above each joint through hole in 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 joint through hole in the first region.

[0017] Another aspect of the present disclosure provides a joint opening structure of a
three-dimensional (3D) memory device, including a first stacked layer disposed
overlaying a substrate, a first insulating connection layer disposed on the first stacked
layer, 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 substrate, 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 layer, 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 substrate. The joint opening structure further includes a second
stacked layer disposed on the third channel structure, a second insulating connection layer
disposed on the second stacked layer. A second through hole penetrating the second
stacked layer and the second insulating connection layer. A projection of the second
through hole on the substrate at least partially overlaps with the projection of the first
through hole on the substrate. The joint opening 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 sidewall of the second
functional layer, and a fifth channel structure in contact with the fourth channel structure
disposed over the second through hole.

[0018] In some embodiments, a first filling structure covers the surface of the second
channel structure, and a second filling structure covers the surface of the fourth channel

structure. The first through hole is non-interconnected with the second through hole.
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[0019] In some other embodiments, a first filling structure covers the surfaces of the
second channel structure and the fourth channel structure. The first through hole is
interconnected with the second through hole.

[0020] In some embodiments, the first stacked layer includes a first number of
conductor/dielectric layer pairs, and the second stacked layer includes a second number of
conductor/dielectric layer pairs.

[0021] In some other embodiments, the first stacked layer includes a first number of
oxide/nitride layer pairs, and the second stacked layer includes a second number of
oxide/nitride layer pairs. The first number and the second number are not less than 32.

[0022] A thickness of the third channel structure is 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 to or less than 30nm. A size difference between a top aperture and a bottom
aperture of the second through hole is equal to or less than 30nm.

[0023] Another aspect of the present disclosure provides a three-dimensional (3D)
memory device, including a first stacked layer disposed on a substrate, a first insulating
connection layer disposed on the first stacked layer, a second stacked layer disposed on
the first insulating connection layer, a second insulating connection layer disposed on the
second stacked layer, a plurality of channel holes in 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 joint
opening structure.

[0024] Other aspects of the present disclosure can be understood by those skilled in the

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 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
identify like elements. It is noted that the following drawings are merely examples for
illustrative purposes according to various disclosed embodiments and are not intended to

limit the scope of the present disclosure.
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[0026] FIGs. 1-22 illustrate schematic structural cross-sectional diagrams of an
exemplary joint opening structure of three-dimensional (3D) memory device at certain
stages of a fabricating process in accordance with some embodiments of the present
disclosure;

[0027] FIGs. 23A and 23B illustrate schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

[0028] FIGs. 24-49 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;

[0029] FIGs. 50A and 50B illustrate schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

[0030] FIGs. 51-73 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;

[0031] FIGs. 74A and 74B illustrate schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

[0032] 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;

[0033] FIGs. 103A and 103B illustrate schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present

disclosure.
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[0034] Embodiments of the present disclosure will be described with reference to the

accompanying drawings.

DETAILED DESCRIPTION

[0035] Reference now be made in detail to 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
embodiments that are not conflicted with each other can be combined 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.

[0036] It is noted that references in the specification to “one embodiment,”

< <
S

“an embodiment,” “an example embodiment, ome embodiments,” etc., indicate that
the embodiment described may include a particular feature, structure, or characteristic,
but every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases do not necessarily refer to the same embodiment.
Further, when a particular feature, structure or characteristic is described in contact with
an embodiment, it would be within the knowledge of a person skilled in the pertinent art
to effect such feature, structure or characteristic in contact with other embodiments
whether or not explicitly described.

[0037] In general, terminology may be understood at least in part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon
context, may be used to describe any feature, structure, or characteristic in a singular
sense or may be used to describe combinations of features, structures or characteristics in

a plural sense. Similarly, terms, such as

[T T3
a,

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

[0038] It should be readily understood that the meaning of “on,” “above,” and “over” in

the present disclosure should be interpreted in the broadest manner such that “on” not
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only means “directly on” something but also includes the meaning of “on” something
with an intermediate feature or a layer therebetween, and that “above” or “over” not only
means the meaning of “above” or “over” something but can also include the meaning it is
“above” or “over” something with no intermediate feature or layer therebetween (i.e.,
directly on something).

99 <

[0039] Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“upper,” and the like, may be used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s) as illustrated in the figures.
The spatially relative terms are intended to encompass different orientations of the device
in use or operation in addition to the orientation depicted in the figures. The apparatus
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein may likewise be interpreted accordingly.

[0040] As used herein, the term “substrate” refers to a material onto which subsequent
material layers are added. The substrate itself can be patterned. Materials added on top
of the substrate can be patterned or can remain unpatterned. Furthermore, the substrate
can include a wide array of semiconductor materials, such as silicon, germanium, gallium
arsenide, indium phosphide, etc. Alternatively, the substrate can be made from
an electrically non-conductive material, such as a glass, a plastic, or a sapphire wafer.

[0041] As used herein, the term “layer” refers to a material portion including a region
with a thickness. A layer can extend over the entirety of an underlying or overlying
structure, or may have an extent less than the extent of an underlying or overlying
structure.  Further, alayer can be a region of a homogeneous or inhomogeneous
continuous structure that has a thickness less than the thickness of the continuous
structure. For example, a layer can be located between any pair of horizontal planes
between, or at, a top surface and a bottom surface of the continuous structure. A layer
can extend horizontally, vertically, and/or along a tapered surface. A substrate can be a
layer, can include one or more layers therein, and/or can have one or more layer
thereupon, thereabove, and/or therebelow. A layer can include multiple layers. For
example, an interconnect layer can include one or more conductor and contact layers (in
which contacts, interconnect lines, and/or through holes are formed) and one or more
dielectric layers.

[0042] 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
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design phase of a product or a process, together with a range of values above and/or
below the desired value. The range of values can be due to slight variations in
manufacturing processes or tolerances. As used herein, the term “about” indicates the
value of a given quantity that can vary based on a particular technology node associated
with the subject semiconductor device. Based on the particular technology node, the term
“about” can indicate a value of a given quantity that varies within, for example, 10-30%
of the value (e.g., £10%, +20%, or £30% of the value).

[0043] 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 to reduce the process difficulty and cost of the channel hole structures in 3D
memory devices.

[0044] As used herein, the term “3D memory device” refers to a semiconductor device
with vertically oriented strings of memory cell transistors (referred to herein as “memory
strings,” such as NAND strings) on a laterally-oriented substrate so that the memory
strings extend in the vertical direction with respect to the substrate. As used herein, the
term “vertical/vertically” means nominally perpendicular to the lateral surface of
a substrate, while the term “horizontal/horizontally” means nominally parallel to the
lateral surface of a substrate.

[0045] Referring to FIGs. 23A and 23B, schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure. And FIGs. 1-22 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. 23A and 23B.

[0046] As shown in FIG. 23A, at S101, a first stacked layer 2 and a first insulating
connection layer 3 can be sequentially formed on the surface of a substrate 1.

[0047] As shown in FIG. 1, the first stacked layer 2 can be formed on the substrate 1.
The first stacked layer 2 can include a plurality of oxide/nitride layer pairs. The plurality
of oxide/nitride layer pairs are also referred to herein as an “alternating oxide/nitride
stack.” That is, in the first stacked layer 2, multiple oxide layers (shown in the areas with
dotes) and multiple nitride layers (shown in the areas with meshes) alternate in a vertical

direction. In other words, except a top and a bottom layer of a given stack, each of the
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other oxide layers can be sandwiched by two adjacent nitride layers, and each nitride
layer can be sandwiched by two adjacent oxide layers.

[0048] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitride layers 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.

[0049] It is noted that, in the present disclosure, the oxide layers and/or nitride layers can
include any suitable oxide materials and/or nitride 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 layers, and the nitride layers can be silicon nitride layer.

[0050] The first stacked layer 2 can include any suitable number of layers of the oxide
layers and the nitride layers. In some embodiments, a total number of layers of the oxide
layers and the nitride layers in the first stacked layer 2 is equal to or larger than 64. In
some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

[0051] The first insulating connection layer 3 can be formed on the first stacked layer 2.
In some embodiments, the first insulating connection layer 3 can be made by any suitable
insulating material and/or dielectric material, such as silicon oxide. It is noted that, the
material of the first insulating connection layer 3 can be different from the material of the
nitride layer in the first stacked layer 2.

[0052] 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 surface of the first insulating connection layer 3, and an oxide
layer on the top surface of such nitride layer.

[0053] In some embodiments, the first stacked layer 2, the first insulating connection
layer 3, and/or the first mask layer 4 can be formed by using one or more deposition
processes. It is noted that, the term “deposition process” used in the present disclosure
can be referred to any suitable deposition process including, but not limited to, a chemical
vapor deposition (CVD) process, a physical vapor deposition (PVD) process, an atomic

layer deposition (ALD) process, and/or any suitable combination thereof.
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[0054] At S102, a first through hole 5 can be formed. As shown in FIG. 1, the first
through hole 5 can completely penetrate the first stacked layer 2 and the first insulating
connection layer 3, and can extend into the surface of the substrate 1.

[0055] In some 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
etching, or a combination thereof.

[0056] In some embodiments, when the first mask layer 4 is formed on the top surface of
the first insulating connection layer 3, the etching process also etch the first mask layer 4
to form the first through holes 5.

[0057] At S103, 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 epitaxial process.

[0058] 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 is, the first channel structure 6 is overlay the
substrate 1.

[0059] At S104, a first functional layer can be formed on the sidewall of the first through
hole 5. The first functional layer can include a first tunneling layer 7, a first storage layer
8, a first barrier layer 9, and a first passivation layer 10.

[0060] As shown in FIG. 3, the first tunneling layer 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 layer 7 can be used for generating electronic charges (electrons or holes). In
some embodiments, the first tunneling layer 7 can be an oxide layer formed by using a
deposition process.

[0061] The first storage layer 8 can be formed on the surface of the first tunneling layer 7.
The first storage layer 8 can be used for storing electronic charges. The storage or
removal of charge in the first storage layer 7 can impact the on/off state and/or a
conductance of the semiconductor channel. The first storage layer 7 can include
polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first

storage layer 8 can be a nitride layer formed by using a deposition process.
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[0062] 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 layer 8. In some embodiments, the first barrier layer 9 can be a
silicon oxide layer or a combination of silicon oxide/silicon nitride/silicon oxide (ONO)
layers. In some embodiments, the first barrier layer 9 includes high dielectric constant
(high-k) dielectrics (e.g., aluminum oxide). In one example, the first barrier layer 9 is
an oxide layer formed by using a deposition process.

[0063] As shown in FIG. 4, a first passivation layer 10 can be formed on the surface of
the first barrier layer 9. The first passivation layer 10 can be used for protecting the first
barrier layer 9 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 10 can be an amorphous silicon layer formed by
using a deposition process.

[0064] The portions of the first passivation layer 10, the first barrier layer 9, the first
storage layer 8 and the first tunneling layer 7 located on the top surface of the first
channel structure 6 on the bottom of the first through hole 5 can be removed. In some
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
5.

[0065] 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 layer of the first mask
layer 4 located on the surface of the nitride layer of first mask layer 4 can also be
removed. As such, the nitride layer of first mask layer 4 is remained on the surface of the
first insulating connection layer 3.

[0066] At S105, 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 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.

[0067] As shown in FIG. 5, a second channel layer 11 can be formed to cover the
sidewall of the first passivation layer 10, the bottom surface of the first through hole 5.
The second channel layer 11 can also cover the top surface of the first insulating
connection layer 3, or cover the top surface of the nitride layer of the first mask layer 4.
In some embodiments, the second channel layer 11 can be an amorphous silicon layer

formed by using a deposition process.
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[0068] As shown in FIG. 6, a first filling layer 12 can be formed to cover the second
channel layer 11 and fill the first through hole 5. In some embodiments, the first filling
layer 12 can be an oxide layer formed by using a deposition process. In some
embodiments, the first filling layer 12 can include one or more airgaps.

[0069] As shown in FIGs. 7A and 7B, a portion of the first filling layer 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 layer 3. As such, the remaining portion of the
first filling layer 12 in the first through hole 5 can form the first filling structure. In some
embodiments, the portion of the first filling layer 12 can be removed by using an etching
process. It is noted that, the term “etching process” used in the present disclosure can be
referred to any suitable etching process including, but not limit to, a wet etching, a dry
etching, or a combination thereof.

[0070] In some embodiments, as shown in FIG. 7A, the top surface of the first filling
layer 12 can be higher than the top surface of the second stacker layer 2. For example,
the top surface of the first filling layer 12 can be 20nm to 40nm higher than the top
surface of the top nitride layer 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
layer of the second stacker layer 2.

[0071] In some alternative embodiments, as shown in FIG. 7B, the top surface of the first
filling layer 12 can be lower than the top surface of the second stacker layer 2.
For example, the top surface of the first filling layer 12 can be 30nm to 40nm lower than
the top surface of the top nitride layer of the second stacker layer 2. Preferably, the top
surface of the first filling layer 12 can be about 35nm lower than the top surface of the top
nitride layer of the second stacker layer 2.

[0072] 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 channel layer 11 is lower than the first
insulating connection layer 3. The remaining portion of the second channel layer 11 can
form the second channel structure that is in contact with the first channel structure 6. In
some embodiments, the portion of the second channel layer 11 can be removed by using
an etching process.

[0073] 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 layer 2.

However, the top surface of the second channel structure is not lower than the top surface
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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 nitride layer in the first stacked
layer 2, as shown in FIG. 8A. 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 layer in the
first stacked layer 2, as shown in FIG. 8B.

[0074] At 8106, a first groove can be formed in the first insulating connection layer 3. In
some embodiments, the projection of the first groove on the substrate 1 can completely
cover the projection of the first through hole 5 on the substrate 1.

[0075] As shown in 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 layer 4 can be
removed by using an etching process.

[0076] As shown in FIGs. 10A and 10 B, the surface of the first insulating connection
layer 3 can be planarized by using any suitable techniques, such as backside grinding,
and/or chemical mechanical polishing (CMP). A portion of the first insulating connection
layer 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 5 on the substrate
1.

[0077] 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 3, as shown in FIG. 10A.
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 insulating connection layer 3 is
about 90nm, while the depth of the first groove is about 60nm.

[0078] In some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection layer 3, as shown in FIG. 10B.
That is, a portion of the top nitride layer in the first stacked layer 2 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
insulating connection layer 3 is about 30nm, while the depth of the first groove is about
60nm.

[0079] At S107, a third channel structure 14 can be formed in the first groove 13.
As shown in FIGs. 11A and 11B, the third channel structure 14 can be in contact with the
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second channel structure. In some embodiments, the third channel structure can be
a polycrystalline silicon player formed by using a deposition process.

[0080] A thickness of the third channel structure 14 can be equal to 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 example, the thickness of the third channel structure 14 can be in a range
between 60nm and 80nm, preferably about 70nm.

[0081] Referring to FIG. 23B, at S108, a second stacked layer 15 and a second insulating
connection layer 16 can be sequentially formed on the third channel structure 14. As
shown in FIG. 12, the second stacked layer 15 can include a plurality of oxide/nitride
layer pairs, such as silicon oxide layer and silicon nitride layer pairs. Similar to the first
stacked layer 2 as described above, the multiple oxide layers (shown in the areas with
dotes) and multiple nitride layers (shown in the areas with meshes) in the second stacked
layer 15 alternate in a vertical direction. The second stacked layer 15 can include any
suitable number of layers of the oxide layers and the nitride layers. In some
embodiments, a total number of layers of the oxide layers and the nitride layers in the
second stacked layer 15 is equal to or larger than 64.

[0082] In some embodiments, the second insulating connection layer 16 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 16 can be different from
the material of the nitride layer in the second stacked layer 15.

[0083] Further, in some embodiments, a second mask layer 17 can be formed on the
surface of the second insulating connection layer 16. The second mask layer 17 can
include a nitride layer on the surface of the second insulating connection layer 16, and an
oxide layer on the surface of such nitride layer.

[0084] At S109, a second through hole 18 is formed. As shown in FIG. 13, the second
through hole 18 can completely penetrate the second stacked layer 15 and the second

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

[0085] 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 form the second through hole 18. The second stacked layer 15, the second
insulating connection layer 16, the second mask layer 17, and/or the third channel
structure 14 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 second
through hole 18.

[0086] It is 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 structure 14. As such, a fourth
channel structure formed subsequently in the second through hole 18 can directly contact
the third channel structure.

[0087] 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 is, as shown in FIG. 13, a distance “a”
between the boundary line of the top surface 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.

[0088] At S1010, a second functional layer can be formed on the sidewall of the second
through hole 18. In some embodiments, the second functional layer can include a second
tunneling layer 19, a second storage layer 20, a second barrier layer 21, and a second
passivation layer 22.

[0089] As shown in FIG. 14, the second tunneling layer 19 can be formed on the sidewall
of the second through hole 18 and the surface of the second channel structure 14. The
second tunneling layer 19 can be used for generating electronic charges. In some
embodiments, the second tunneling layer 19 can be an oxide layer formed by using
a deposition process.

[0090] The second storage layer 20 can be formed on the surface of the second tunneling
layer 19. The second storage layer 20 can be used for storing electronic charges. In some
embodiments, the second storage layer 20 can be a nitride layer formed by using
a deposition process.

[0091] The second barrier layer 21 can be formed on the surface of the second storage

layer 20. The second barrier layer 21 can be used for blocking the outflow of the
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electronic charges in the second storage layer 20. In some embodiments, the second
barrier layer 21 can be an oxide layer formed by using a deposition process.

[0092] 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 layer 22 can be used for protecting
the second barrier layer 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.

[0093] As shown in FIG. 15, the portions of the second passivation layer 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
embodiments, the removal process can include an etching process and a cleaning process.
In some embodiments, the portions of the second passivation layer 22, the second barrier
layer 21, the second storage layer 20, the second tunneling layer 19, the oxide layer of the
second mask layer 17 that are located on the nitride layer of the second mask layer 17 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 18.

[0094] At S1012, a fourth channel structure and a second filling structure 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 structure can be higher than the top surface of the second filling structure.

[0095] As shown in FIG. 16, a fourth channel layer 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 channel layer 23 can also cover the surface of
the second insulating connection layer 16, or the surface of the nitride layer of the second
mask layer 17. In some embodiments, the fourth channel layer 23 can be an amorphous
silicon layer formed by using a deposition process.

[0096] As shown in FIG. 17, a second filling layer 29 can be formed to cover the fourth
channel layer 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.

[0097] As shown in FIG. 18, a portion of the second filling layer 29 can be removed,
such that the surface of the second filling layer 29 is lower than the surface of the second

insulating connection layer 16. In some embodiments, the removal process can include
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an etching process. The remaining portion of the second filling layer 29 in the second
through hole 18 can form the second filling structure.

[0098] As shown in FIG. 19, the portion of the fourth channel layer 23 located on the
surface of the second insulating connection layer 16 or the surface of the second mask
layer 17 can be removed. In some embodiments, the removal process can include an
etching 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 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 fourth channel structure and the second
filling structure, and in the second through hole 18.

[0099] It is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 15, or can be lower than the top surface of the
second stacked layer 15. The top surface of the fourth channel structure is not lower than
the top surface of the top oxide layer in the second stacked layer 15. 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 15.

[00100] At 81013, a fifth channel structure can be formed in the second groove. The fifth
channel structure can be in contact with the fourth channel structure. As shown in FIG.
20, the fifth channel structure 30 can be formed in the second groove that is on the fourth
channel structure and the second filling structure and in the second through hole 18.
The nitride layer of the second mask layer 17 can be then removed by an etching process.

[00101] As shown in FIGs. 21A and 21B, the top surface of the second insulating
connection layer 16 and the top surface of the fifth channel structure 30 can be planarized
by any suitable techniques, such as backside grinding, and/or chemical mechanical
polishing (CMP).

[00102] Accordingly, the disclosed method as shown in FIGs. 23A and 23B 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 structure can have a large aspect ratio and a limited top-bottom 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

reduced cost.
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[00103] In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 23A and
23B. The three-dimensional memory can include the following components described
below.

[00104] A first stacked layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer silicon nitride layer pairs, is formed on a substrate. A first insulating
connection layer is 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.

[00105] 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. 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 is 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 first filling structure are lower than the top surfaces
of the first insulating connection layer.

[00106] A first groove is formed in the first insulating connection layer, and above the first
functional layer, the second channel structure and the first filling structure. A projection
of the first groove on the substrate completely covers a projection of the first through hole
on the substrate. A third channel structure in contact with the second channel structure is
formed in the first groove.

[00107] 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 layer and the third channel structure. 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 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.

[00108] 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 layer and the

bottom surface of the second through hole. A second filling structure is formed on the
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sidewall and the surface of the fourth channel structure to fill the second through hole.
In some embodiments, an airgap is 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. 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 second filling structure.

[00109] 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 layer and the bottom nitride layer of the second stacked layer can be in a range
between 80nm and 100nm, preferably about 90nm. A thickness “c” of the third channel
structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00110] In some alternative embodiments, as shown in FIG. 21B, 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 layer of the second stacked layer can be in a
range between 20nm and 40nm, preferably about 30nm. A thickness “c” of the third
channel structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00111] 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

[00112] In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 2 and the second stacked layer 15
with a conductive layer 40, as shown in 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 silicon, silicides, or any combination thereof.

[00113] In some embodiments, during the replacement process, a portion of the third
channel structure 14 that is adjacent with the bottom nitride layer of the second stacked
layer 15, or is adjacent with the top nitride layer of the first stacked layer 2 can be
converted to an oxide layer by an oxidation process. For example, an etching process can
be performed to remove all nitride layers in the first 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
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converter to the oxide layer as shown in FIGs. 22A and 22B. In some embodiments,,
athickness “c” 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.

[00114] Referring to FIGs. 50A and 50B, schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure 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-dimensional (3D) memory device at certain
stages of the fabricating process shown in FIGs. 50A and 50B.

[00115] As shown in FIG. 50A, at S201, 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 (SS) dummy holes, while the third region 300 can be used to form one
or more through array contact (T AC) barriers.

[00116] 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
1s, in the first stacked layer 202, multiple oxide layers (shown in the areas with dotes) and
multiple nitride layers (shown in the areas with meshes) alternate in a vertical direction.
In other words, except a top and a bottom layer of a given stack, each of the other oxide
layers can be sandwiched by two adjacent nitride layers, and each nitride layer can be
sandwiched by two adjacent oxide layers.

[00117] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitride layers 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. In some embodiments, the oxide
layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer.

[00118] The first stacked layer 202 can include any suitable number of layers of the oxide
layers and the nitride layers. In some embodiments, a total number of layers of the oxide

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

[00119] The first insulating connection layer 203 can be formed on the first stacked
layer 202. In some embodiments, the first insulating connection layer 203 can be made
by any suitable insulating material and/or dielectric material, such as silicon oxide. 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.

[00120] Further, in some embodiments, a first mask layer 204 can be formed on the
surface of the first insulating connection layer 203. The first mask layer 204 can include
anitride layer on the surface of the first insulating connection layer 203, and an oxide
layer on the surface of such nitride layer.

[00121] In some embodiments, the first stacked layer 202, the first insulating connection
layer 203, and/or the first mask layer 204 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 layer deposition (ALD)
processes, and/or any suitable combinations thereof.

[00122] At S202, 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 insulating connection layer 203, and can extend into the surface of the
substrate 201. In some embodiments, when the first mask layer 204 is formed on the
surface of the first insulating connection layer 203, the etching process also etch the first
mask layer 204 to form the first through holes 205.

[00123] In some embodiments, the first through holes 205 can be formed by etching the
first stacked layer 202 and the first insulating connection layer 203 and a subsequent
cleaning process. The etching process to form the first through holes 205 can be a wet
etching, a dry etching, or a combination thereof It is noted that, in the direction
perpendicular 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.

[00124] At S203, 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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in FIG. 25. In some embodiments, the first channel structure 206 can be a polycrystalline
silicon (polysilicon) layer formed by using a selective epitaxial process.

[00125] At S204, a first functional layer 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
layer 207, afirst storage layer 208, a first barrier layer 209, and a first passivation layer
210.

[00126] As shown in FIG. 26, the first tunneling layer 207 can be formed on the sidewall
of the plurality of first through holes 205 and the exposed surfaces of the first channel
structures 206. The first tunneling layer 207 can be used for generating electronic
charges (electrons or holes). In some embodiments, the first tunneling layer 207 can be
an oxide layer formed by using a deposition process.

[00127] The first storage layer 208 can be formed on the surface of the first tunneling layer
207. The first storage layer 208 can be used for storing electronic charges. The storage
or removal of charge in the first storage layer 207 can impact the on/off state and/or
a conductance of the semiconductor channel. The first storage layer 207 can include
polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first
storage layer 208 can be a nitride layer formed by using a deposition process.

[00128] The first barrier layer 209 can be formed on the surface of the first storage
layer 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 layer or a combination of silicon oxide/silicon
nitride/silicon oxide (ONO) layers. In some embodiments, the first barrier layer 209
includes high dielectric constant (high-k) dielectrics (e.g., aluminum oxide). In one
example, the first barrier layer 209 is an oxide layer formed by using a deposition
process.

[00129] As shown in FIG. 27, a first passivation layer 210 can be formed on the surface of
the first barrier layer 209. The first passivation layer 210 can be used for protecting the
first barrier layer 209 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 210 can be an amorphous silicon layer formed by
using a deposition process.

[00130] The portions of the first passivation layer 210, the first barrier layer 209, the first
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 include 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 205.

[00131] 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 layer 204 is remained on the surface
of the first insulating connection layer 203.

[00132] At S205, 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 connection layer 203.

[00133] 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 channel layer 211 can also cover the surface of the first
insulating connection layer 203, or cover the surface of the nitride layer of the first mask
layer 204. In some embodiments, the second channel layer 211 can be an amorphous
silicon layer formed by using a deposition process.

[00134] As shown in FIG. 29, a first filling layer 212 can be formed to cover the second
channel layer 211 and fill each of the plurality of first through holes 205. In some
embodiments, the first filling layer 212 can be an oxide layer formed by using a
deposition process.

[00135] As shown in FIGs. 30A and 30B, a portion of the first filling layer 212 can be
removed, such that the top surface of the first filling layer 212 can be lower than the top
surface of the first insulating connection layer 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 first
filling structure. In some embodiments, the portion of the first filling layer 212 can be
removed by using an etching process, such as a wet etching, a dry etching, or a
combination thereof.

[00136] In some embodiments, as shown in FIG. 30A, the top surface of the first filling
layer 212 can be higher than the top surface of the second stacker layer 202.
For example, the top surface of the first filling layer 212 can be 20nm to 40nm higher
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than 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 30nm higher than the top surface
of the top nitride layer of the second stacker layer 202.

[00137] In some alternative embodiments, as shown in FIG. 30B, the top surface of the
first filling layer 212 can be lower than the top surface of the second stacker layer 202.
For example, the top surface of the first filling layer 212 can be 30nm to 40nm lower than
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 layer of the second stacker layer 202.

[00138] As shown in FIGs. 31A and 31B, a portion of the second channel layer 211 can be
removed, such that the surface of the second channel layer 211 is lower than the first
insulating connection layer 203. The remaining portion of the second channel layer 211
can form the second channel structure that is in contact with the first channel structure
206. In some embodiments, the portion of the second channel layer 211 can be removed
by using an etching process.

[00139] It is noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked layer 202 or lower than the
top surface of the first stacked layer 202. 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
202. In some embodiments, the top surface of the second channel structure can be higher
than the top nitride layer in the first stacked layer 202, as shown in FIG. 31A. 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 layer in the first stacked layer 202, as shown in
FIG. 31B.

[00140] At S206, a first groove can be formed in the first insulating connection layer 203
above each of the plurality of first through holes 205. In some embodiments,
the projection of the first groove on the substrate 201 can completely cover the projection
of the corresponding first through hole 205 on the substrate 201.

[00141] As shown in FIGs. 32A and 32B, the nitride layer of the first mask layer 204 can
be removed. In some embodiments, the nitride layer of the first mask layer 204 can be
removed by using an etching process.

[00142] As shown in FIGs. 33A and 33 B, the surface of the first insulating connection

layer 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 insulating connection layer
203 can be removed to 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 projection of each of the plurality of
first through holes 205 on the substrate 201.

[00143] 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
one embodiment, the thickness of the planarized first insulating connection layer 203 is
about 90nm, while the depth of the first groove is about 60nm.

[00144] 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 is, a portion of the top nitride layer in the first stacked layer 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 insulating connection layer 203 is about 30nm, while the depth of the first groove is
about 60nm.

[00145] At S207, a third channel structure 214 can be formed in each of the plurality of
first grooves 213. As shown in FIGs. 34A and 34B, the third channel structure 214 can
be in contact with the second channel structure in each of the plurality of first through
holes 205. In some embodiments, the third channel structure can be a polycrystalline
silicon player formed by using a deposition process.

[00146] A thickness of each third channel 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 equal to or less than the thickness of the planarized first
insulating connection layer 203, as shown in FIG. 34A. For example, the thickness of
each third channel structure 214 can be in a range between 50nm and 70nm, preferably
about 60nm. Insome alternative embodiments, the thickness of each third channel
structure 214 can be greater than the thickness of the planarized first insulating
connection layer 203, as shown in FIG. 34B. For example, the thickness of each third
channel structure 214 can be in a range between 60nm and 80nm, preferably about 70nm.

[00147] Referring to FIG. 50B, at S208, 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 layer 215 can include a
plurality of oxide/nitride layer pairs, such as silicon oxide layers and silicon nitride layers.
Similar to the first stacked layer 202 as described above, the multiple oxide layers (shown
in the areas with dotes) and multiple nitride layers (shown in the areas with meshes) in the
second stacked layer 215 alternate in a vertical direction. The second stacked layer 215
can include any suitable number of layers of the oxide layers and the nitride layers. In
some embodiments, a total number of layers of the oxide layers and the nitride layers in
the second stacked layer 215 is equal to or larger than 64.

[00148] In some embodiments, the second insulating connection layer 216 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 216 can be different
from the material of the nitride layer in the second stacked layer 215.

[00149] Further, in some embodiments, a second mask layer 217 can be formed on the
surface of the second insulating connection layer 216. The second mask layer 217 can
include a nitride layer on the surface of the second insulating connection layer 216, and
an oxide layer on the surface of such nitride layer.

[00150] 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
layer 215, the second insulating connection layer 216, and the second mask layer 217, and
can extend into 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 corresponding first through hole 205 on the substrate
201.

[00151] In some embodiments, the second stacked layer 215, the second insulating
connection layer 216, the second mask layer 217, and the third channel structures 214 can
be etched to form the plurality of second through holes 218 that penetrate the second
stacked layer 215 and the second insulating connection layer 216. The second stacked
layer 215, the second insulating connection layer 216, the second mask layer 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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[00152] It is noted that, each second through hole 218 can extend to the surface of the
corresponding third channel structure 214, or can extend into the corresponding third
channel structure 214. As such, a fourth channel structure formed subsequently in each
second through hole 218 can directly contact the corresponding third channel structure. It
is also noted that, the one or more second through holes 218 in the third region 300 can
also completely penetrate the corresponding 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.

[00153] In some embodiments, a maximum 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.

[00154] At S2010, a second functional layer can be formed on the sidewall of each second
through hole 218. In some embodiments, the second functional layer can include
a second tunneling layer 219, a second storage layer 220, a second barrier layer 221,
and a second passivation layer 222.

[00155] As shown in FIG. 37, the second tunneling layer 219 can be formed on the
sidewall of each second through hole 218 and the surface of the corresponding third
channel structure 214. The second tunneling layer 219 can be used for generating
electronic charges. In some embodiments, the second tunneling layer 219 can be an oxide
layer formed by using a deposition process.

[00156] The second storage layer 220 can be formed on the surface of the second
tunneling layer 219. The second storage layer 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.

[00157] The second barrier layer 221 can be formed on the surface of the second storage
layer 220. The second barrier layer 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.

[00158] As shown in FIG. 38, a second passivation layer 222 can be formed on the surface

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

[00159] As shown in FIG. 38, the portions of the second passivation layer 222, the second
barrier layer 221, the second storage layer 220 and the second tunneling layer 219 that are
located on the surface of each third channel structure 214 can be removed. In 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
layer 221, the second storage layer 220, the second tunneling layer 219, the oxide layer of
the second mask layer 217 that are located on the nitride layer of the second mask layer
217 can also be removed by using an etching process. As such, the second functional
layer can be formed on the sidewall of each second through hole 218.

[00160] At S2011, 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 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 structure can be higher than the top surface of the second filling structure.

[00161] As shown in FIG. 39, a fourth channel layer 223 can be formed to cover the
sidewall of the second passivation layer 222 and the bottom surface of 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 fourth channel layer 223 can also cover
the top surface of the second insulating connection layer 216, or the top surface of the
nitride layer of the second mask layer 217. In some embodiments, the fourth channel
layer 223 can be an amorphous silicon layer formed by using a deposition process.

[00162] As shown in FIG. 40, a third filling layer 224 can be formed to cover the fourth
channel layer 223. In some embodiments, the third filling layer 224 can include one or
more airgaps in each second through hole 218. In some embodiments, the third filling
layer 224 can be an oxide layer formed by using a deposition process.

[00163] As shown in FIG. 41, a third mask layer 25 can be formed on the top surface of
the third filling layer 224 in the first region 100. Using the third mask 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 etching process.
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[00164] As shown in FIG. 42, the third mask layer 225 can be removed. Using the
remaining third filling layer 224 in the first region 100 as a mask, the fourth channel
layer 223 located in the second region 200 and the third region 300 can be removed by
using an etching process.

[00165] As shown in FIG. 43, a fourth filling layer 227 can be formed on the surface of the
second functional layer located in the second region 200 and the third 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 layer 224. That is, in a same removing
process, the removal rate of the fourth filling layer 227 can be less than the removal rate
of the third filling layer 224.

[00166] 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 layer 227 can also be removed by the same
etching process.

[00167] 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 layer 229 can be the same material of the fourth filling
layer 227.

[00168] As shown in FIG. 46, a portion of the second filling layer 29 can be removed by
using an etching process, such that the top surface of the second filling layer 229 in each
second through hole 218 is lower than the top surface of the second insulating connection
layer 216. The remaining portion of the second filling layer 29 in each second through
hole 218 can form the second filling structure.

[00169] 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 layer 217 can be
removed by using an etching process. The remaining portion of the fourth channel layer
223 in each second through hole 218 can form 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 fourth channel structure
and the second filling structure in each second through hole 218 in the first 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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[00170] It is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 215, or can be lower than the top surface of the
second stacked layer 215. The top surface of the fourth channel structure is not lower
than the top surface of the top oxide layer in the second stacked layer 215. 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 215.

[00171] At S2012, 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.

[00172] 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 fifth channel structure 230 can also
be formed in the second groove that is on the second filling structure in 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.

[00173] As shown in FIGs. 48A and 48B, the top surface of the second insulating
connection layer 216 and the top surface of the plurality of fifth channel structures 230
can be planarized by any suitable techniques, such as backside grinding, and/or chemical
mechanical polishing (CMP).

[00174] Accordingly, the disclosed method as shown in FIGs. 50A and 50B 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 a large aspect ratio and a limited top-bottom aperture
error. Further, the disclosed method of forming a joint opening structure in a 3D memory
device can simultaneously form a plurality of channel holes, staircase dummy holes, and
through array contact barriers, resulting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

[00175] 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 50B. 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 (SS) dummy holes, and a third region for forming a plurality of through array

contact (TAC) barriers. Along a direction perpendicular to the surface of the three-
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dimensional memory device, the three-dimensional memory device can include the
following components.

[00176] A first stacked layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on a substrate. A first
insulating connection layer is formed on the first stacked layer. A plurality of first
through holes penetrating the first stacked layer and the first insulating connection layer
and extending into the surface of the substrate are formed in the first region, the second
region, and the third region.

[00177] A first channel structure is formed on the surface of the substrate exposed by each
first through hole. A first functional layer is 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 is 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.

[00178] A first groove is formed in the first insulating 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 substrate
completely covers a projection of the corresponding first through hole on the substrate.
Athird channel structure in contact with the second channel structure in the
corresponding first through hole is formed in each first groove.

[00179] 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 layer and the plurality of third channel structures. A second
insulating connection layer is formed on the second stack layer. A plurality of second
through holes penetrating through the second stacked layer and the second insulating
connection 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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[00180] 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 layer and
the bottom surface of each second through hole in the first region. A second filling is
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.

[00181] In the first region, a fifth channel structure in 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 is
formed in a second groove in each second through hole that is surrounded by the second
functional layer, and above the second filling structure.

[00182] 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 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, in the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and a
plurality of through array contact (TAC) barriers can be formed in the third region. The
plurality of staircase structure dummy holes in the second region can have a supporting
function of the staircase structure.

[00183] In some embodiments, as shown in FIG. 48A, 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 layer of the first stacked layer and the bottom nitride layer of the
second stacked layer can be in a range between 80nm and 100nm, preferably about 90nm.
A thickness “c” of the third channel structure can be in a range between 50nm and 70nm,
preferably about 60nm.

[00184] In some alternative embodiments, as shown in FIG. 47B, 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 layer of the first stacked layer and the bottom nitride

layer of the second stacked layer can be in a range between 20nm and 40nm, preferably
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about 30nm. A thickness “c” of the third channel structure can be in a range between
50nm and 70nm, preferably about 60nm.

[00185] 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

[00186] 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
layer 215 with a conductive layer 240, as shown in FIGs. 49A and 49B. The conductive
layer can include any suitable material that is electronically conductive, including, but not
limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof.

[00187] 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 is, the first stacked layer and the second
stacked layer in the first region and the second region can be alternating
conductive/dielectric stack, while the first stacked layer and the second stacked layer in
the third region can be alternating oxide/nitride stack.

[00188] In some embodiments, during the replacement process, a portion of the third
channel structure 214 that is adjacent with the bottom nitride layer of the second stacked
layer 215, or is adjacent with the top nitride layer of the first stacked layer 202 can be
converted to an oxide layer by an oxidation process. That is, as shown in FIGs. 49A and
49B, athickness “c” 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.

[00189] Referring to FIGs. 74A and 74B, schematic flow diagrams of another exemplary
method for forming a joint opening structure of three-dimensional (3D) memory device
are illustrated in accordance with some embodiments of the present disclosure.
And FIGs. 51-73 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. 74A and 74B.
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[00190] At S301, a substrate 301 can be provided, a first stacked layer 302 and a first
insulating connection layer 303 can be formed on the surface of the substrate 301. As
shown in FIG. 51, the first stacked layer 302 can include a plurality of oxide/nitride layer
pairs, such as silicon oxide layer and silicon nitride layer pairs. The multiple oxide layers
(shown in the areas with dotes) and multiple nitride layers (shown in the areas with
meshes) in the first stacked layer 302 alternate in a vertical direction. The first stacked
layer 302 can include any suitable number of layers of the oxide layers and the nitride
layers. In some embodiments, a total number of layers of the oxide layers and the nitride
layers in the first stacked layer 302 is equal to or larger than 64.

[00191] In some embodiments, the first insulating connection layer 303 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the first insulating connection layer 303 can be different from
the material of the nitride layer in the first stacked layer 302.

[00192] Further, in some embodiments, a first mask layer 304 can be formed on the
surface of the first insulating connection layer 303. The first mask layer 304 can include
anitride layer on the surface of the first insulating connection layer 303, and an oxide
layer on the surface of such nitride layer.

[00193] At S302, 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
insulating connection layer 303, and can extend into the surface of the substrate 301.

[00194] In some embodiments, the first through hole 305 can be formed by etching the
first stacked layer 302 and the first insulating connection layer 303 and a subsequent
cleaning process. The etching process to form the first through hole 305 can be a wet
etching, a dry etching, or a combination thereof.

[00195] In some embodiments, when the first mask layer 304 is formed on the surface of
the first insulating connection layer 303, the etching process also etch the first mask layer
304 to form the first through holes 305.

[00196] At S303, a first channel structure 306 can be formed on the surface of the
substrate 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 polycrystalline silicon layer formed

by using a selective epitaxial process.
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[00197] At 8304, a first functional layer can be formed on the sidewall of the first through
hole 305. The first functional layer can include a first tunneling layer 307, a first storage
layer 308, a first barrier layer 309, and a first passivation layer 310.

[00198] As shown in FIG. 53, the first tunneling layer 307 can be formed on the sidewall
of the first through hole 305 and the surface of the first channel structure 306. The first
tunneling layer can be used for generating electronic charges. In some embodiments, the
first tunneling layer 307 can be an oxide layer formed by using a deposition process.

[00199] The first storage layer 308 can be formed on the surface of the first tunneling layer
307. The first storage layer 308 can be used for storing electronic charges. In some
embodiments, the first storage layer 308 can be a nitride layer formed by using a
deposition process.

[00200] The first barrier layer 309 can be formed on the surface of the first storage
layer 308. The first barrier layer 309 can be used for blocking the outflow of the
electronic charges stored in the first storage layer 308. In some embodiments, the first
barrier layer 309 can be an oxide layer formed by using a deposition process.

[00201] As shown in FIG. 54, a first passivation layer 310 can be formed on the surface of
the first barrier layer 309. The first passivation layer 310 can be used for protecting the
first barrier layer 309 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 310 can be an amorphous silicon layer formed by
using a deposition process.

[00202] The portions of the first passivation layer 310, the first barrier layer 309, the first
storage layer 308 and the first tunneling layer 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 layer can be formed on the sidewall of the first
through hole 305.

[00203] In some embodiment, in the same removal process, the first barrier layer 309,
the first storage layer 308, the first tunneling layer 307, and the oxide layer of the first
mask layer 304 located on the surface of the nitride layer of first mask layer 304 can also
be removed. As such, the nitride layer of first mask layer 304 is remained on the surface
of the first insulating connection layer 303.

[00204] At S305, a second channel structure can be formed on the sidewall of the first

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

[00205] As shown in FIG. 55, a second channel layer 311 can be formed to cover the
sidewall of the first passivation layer 310, the bottom of the first through hole 305.
The second channel layer 311 can also cover the surface of the first insulating connection
layer 303, or cover the surface of the nitride layer of the first mask layer 304. In some
embodiments, the second channel layer 311 can be an amorphous silicon layer formed by
using a deposition process.

[00206] As shown in FIGs. 56A and 56B, a portion of the second channel layer 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 structure that is in contact with the first channel structure
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
layer 311 can be removed by using an etching process.

[00207] It is noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked layer 302 or lower than the
top surface of the first stacked layer 302. 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
302. In some embodiments, the top surface of the second channel structure can be higher
than the top nitride layer in the first stacked layer 302, as shown in FIG. 56A. 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 layer in the first stacked layer 302, as shown in
FIG. 56B.

[00208] At S306, 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 projection of the first through hole 305 on the substrate 301.

[00209] As shown in FIGs. 57A and 57B, the nitride layer of the first mask layer 304 can
be removed by using an etching process. As shown in FIGs. 58 A and 58B, the surface of
the first insulating connection layer 303 can be planarized. A portion of the first
insulating connection layer 303 can be removed to form the first groove 312 that

penetrates the first insulating connection layer 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.

[00210] 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 303, as shown in FIG. 58A.
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 insulating connection layer 303 is
about 90nm, while the depth of the first groove is about 60nm.

[00211] In some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection layer 303, as shown in
FIG. 58B. That is, a portion of the top nitride layer in the first 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 50nm and 70nm. In one embodiment, the thickness of the planarized
first insulating connection layer 303 is about 30nm, while the depth of the first groove is
about 60nm.

[00212] At S307, a third channel structure 313 can be formed in the first groove 312.
As shown in FIGs. 59A 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 polycrystalline silicon player formed by using a deposition process.

[00213] A thickness of the third channel structure 313 can be equal to 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 planarized first insulating
connection layer 303, as shown in FIG. 59A. For example, the thickness of the third
channel structure 313 can be in a range between 50nm and 70nm, preferably about 60nm.
In some alternative embodiments, the thickness of the third channel structure 313 can be
greater than the thickness of the planarized first insulating connection layer 303, as shown
in FIG. 59B. For example, the thickness of the third channel structure 313 can be in a
range between 60nm and 80nm, preferably about 70nm.

[00214] At 8308, a second stacked layer 314 and a second insulating connection layer 315
can be sequentially formed on the third channel structure 313. As shown in FIG. 60, the
second stacked layer 315 can include a plurality of oxide/itride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs. Similar to the first stacked layer 302 as
described above, the multiple oxide layers (shown in the areas with dotes) and multiple

nitride layers (shown in the areas with meshes) in the second stacked layer 314 alternate
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in a vertical direction. The second stacked layer 314 can include any suitable number of
layers of the oxide layers and the nitride layers. In some embodiments, a total number of
layers of the oxide layers and the nitride layers in the second stacked layer 314 is equal to
or larger than 64.

[00215] In some embodiments, the second insulating connection layer 315 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 315 can be different
from the material of the nitride layer in the second stacked layer 314.

[00216] Further, in some embodiments, a second mask layer 316 can be formed on the
surface of the second insulating connection layer 315. The second mask layer 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.

[00217] At S309, a second through hole 317 can be formed. As shown in 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 305 on the
substrate 301.

[00218] In some embodiments, the second stacked layer 314, the second insulating
connection layer 315, the second mask layer 316, and a portion of the third channel
structure 314 can be etched to form the second through hole 317. The second stacked
layer 314, the second insulating connection layer 315, the second mask layer 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 cleaning process can then be performed to
clean the second through hole 317.

[00219] In some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 317 and the radius of the bottom aperture of the
second through hole 317 can be 15nm. That is, as shown in FIG. 61, a distance “a”
between the boundary line of the top surface of the second through hole 317 and the
boundary of the bottom surface of the second through hole 317 can be no more than 15
nm.

[00220] At S3010, a second functional layer can be formed on the sidewall of the second

through hole 317. In some embodiments, the second functional layer can include
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a second tunneling layer 318, a second storage layer 319, a second barrier layer 320, and
a second passivation layer 321.

[00221] As shown in 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 layer 318 can be an oxide layer formed by using
a deposition process.

[00222] The second storage layer 319 can be formed on the surface of the second
tunneling layer 318. The second storage layer 319 can be used for storing electronic
charges. In some embodiments, the second storage layer 319 can be a nitride layer
formed by using a deposition process.

[00223] The second barrier layer 320 can be formed on the surface of the second storage
layer 319. The second barrier layer 320 can be used for blocking the outflow of the
electronic charges in the second storage layer 319. In some embodiments, the second
barrier layer 320 can be an oxide layer formed by using a deposition process.

[00224] As shown in FIG. 63, a second passivation layer 321 can be formed on the surface
of the second barrier layer 320. The second passivation layer 321 can be used for
protecting the second barrier layer 320 from being damaged in a subsequent removal
process. In some embodiments, the second passivation layer 322 can be an amorphous
silicon layer formed by using a deposition process.

[00225] As shown in FIG. 63, the portions of the second passivation layer 321, the second
barrier layer 320, the second storage layer 319, the second tunneling layer 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.

[00226] In some embodiments, the portions of the second passivation layer 321, the
second barrier layer 320, the second storage layer 319, the second tunneling layer 318,
and the oxide layer of the second mask layer 316 that are located on the nitride 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 305 can be interconnected

with each other, as shown in FIG. 63.
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[00227] In some embodiments, the portions of the second barrier layer 320, the second
storage layer 319, and the second tunneling layer 318 that are located under the second
passivation layer 321, as shown in the dashed circle in FIG. 64, can also be removed by
using an etching process.

[00228] At S3011, the second tunneling structure, the third tunneling structure, the second
passivation layer 321, and the first passivation layer 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 first through hole and the second through hole, as shown in FIG. 65.

[00229] At S3012, 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 channel structure can be higher than the
surface of the first filling structure. In some embodiments, the fourth channel structure
includes a joint channel structure that is sandwiched between the first stacked layer 302
and the second stacked layer 314, and covers the exposed surface of the first insulating
connection layer 303.

[00230] As shown in FIG. 66, a fourth channel layer 328 can be formed to cover the
sidewall and bottom of the third through hole 322 and the exposed surface of the third
insulating connection layer 303. In some embodiments, the fourth channel layer 323 can
also cover the surface of the second insulating connection layer 315, or the surface of the
nitride layer of the second mask layer 316. In some embodiments, the fourth channel
layer 328 can be an amorphous silicon layer formed by using a deposition process.

[00231] As shown in FIG. 67, a first filling layer 334 can be formed to cover the fourth
channel layer 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.

[00232] As shown in FIG. 68, a portion of the first filling layer 334 can be removed, such
that the surface of the first filling layer 334 is lower than the top surface of the second
insulating connection layer 315. In some embodiments, the removal process can include
an etching process. The remaining portion of the second filling layer 334 in the third
through hole 322 can form the second filling structure.

[00233] As shown in FIG. 69, the portion of the fourth channel layer 328 located on the

top surface of the second insulating connection layer 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 etching process. The remaining portion of the fourth channel layer 328 in the third
through hole 322 can form 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 fourth channel structure and the second
filling structure, and in the third through hole 322.

[00234] It is 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 structure is not lower
than the top surface of the top oxide layer 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.

[00235] At 83013, a fifth channel structure can be formed in the second groove. The fifth
channel structure can be in contact with the fourth channel structure. 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.

[00236] As shown in 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.

[00237] Accordingly, the disclosed method as shown in FIGs. 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 structure can have a large aspect ratio and a limited top-bottom 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
reduced cost.

[00238] In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 74A and
74B. The three-dimensional memory can include the following components described
below.

[00239] A first stacked layer including a plurality of oxide/nitride layer pairs, such as

silicon oxide layer silicon nitride layer pairs, is formed on a substrate. A first insulating
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connection layer is 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. 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.

[00240] 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 layer. 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 insulating connection layer, and is interconnected with the first through
hole. A second functional layer is formed on the sidewall of the second through hole.

[00241] 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 is 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 airgap is enclosed in the first filling structure.
The top surface of the fourth channel structure is higher than the top surface of the first
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 functional layer, and above
the fourth channel structure and the first filling structure.

[00242] In some embodiments, as shown in FIG. 72A, 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 layer of the second stacked layer can be in a range
between 80nm and 100nm, preferably about 90nm. A thickness “c” of the third channel
structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00243] In some alternative embodiments, as shown in FIG. 72B, 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 layer of the second stacked layer can be in a
range between 20nm and 40nm, preferably about 30nm. A thickness “c” of the third
channel structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00244] Further, the error the radius of the aperture of different positions of the third
through hole can be within 15nm. That is, 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.

[00245] In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 302 and the second stacked
layer 314 with a conductive layer 440, as shown in FIGs. 73A and 73B. The conductive
layer can include any suitable material that is electronically conductive, including, but not
limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof.

[00246] 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
layer 314, or is 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. 73 A and
73B, athickness “c” 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.

[00247] Referring to FIGs. 103A and 103B, schematic flow diagrams of another
exemplary fabricating process for forming a joint opening structure of three-dimensional
(3D) memory device are illustrated 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. 103A and 103B.

[00248] 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 substrate 401. 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. 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 (SS) dummy holes, while the third region 300 can be used to form one
or more through array contact (T AC) barriers.

[00249] As shown in FIG. 75, the first stacked layer 402 can be formed on the substrate
401. The first stacked layer 402 can include a plurality of oxide/nitride layer pairs. That
is, in the first stacked layer 402, multiple oxide layers (shown in the areas with dotes) and
multiple nitride layers (shown in the areas with meshes) alternate in a vertical direction.

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

[00250] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitride layers 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. In some embodiments, the oxide
layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer.

[00251] The first stacked layer 402 can include any suitable number of layers of the oxide
layers and the nitride layers. In some embodiments, a total number of layers of the oxide
layers and the nitride layers in the first stacked layer 402 is equal to or larger than 64. In
some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

[00252] The first insulating connection layer 403 can be formed on the first stacked
layer 402. In some embodiments, the first insulating connection layer 403 can be made
by any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the first insulating connection layer 403 can be different from
the material of the nitride layer in the first stacked layer 402.

[00253] Further, in some embodiments, a first mask layer 404 can be formed on the
surface of the first insulating connection layer 403. The first mask layer 404 can include
anitride layer on the surface of the first insulating connection layer 403, and an oxide
layer on the surface of such nitride layer.

[00254] In some embodiments, the first stacked layer 402, the first insulating connection
layer 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 layer deposition (ALD)
processes, and/or any suitable combinations thereof.

[00255] At S402, 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 first 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.

[00256] In some embodiments, the first through holes 405 can be formed by etching the
first stacked layer 402 and the first insulating connection layer 403 and a subsequent
cleaning process. The etching process to form the first through holes 405 can be a wet
etching, a dry etching, or a combination thereof. It is noted that, in 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 405 in the first region 100.

[00257] 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
in FIG. 76. In some embodiments, the first channel structure 406 can be a polycrystalline
silicon (polysilicon) layer formed by using a selective epitaxial process.

[00258] At S404, a first functional layer 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
layer 407, afirst storage layer 408, a first barrier layer 409, and a first passivation layer
410.

[00259] As shown in FIG. 77, the first tunneling 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 layer 407 can be
an oxide layer formed by using a deposition process.

[00260] The first storage layer 408 can be formed on the surface of the first tunneling layer
407. The first storage layer 408 can be used for storing electronic 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
polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first
storage layer 408 can be a nitride layer formed by using a deposition process.

[00261] The first barrier layer 409 can be formed on the surface of the first storage
layer 408. The first barrier layer 409 can be used for blocking the outflow of the
electronic charges stored in the first storage layer 408. In some embodiments, the first
barrier layer 409 can be a silicon oxide layer or a combination of silicon oxide/silicon

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

[00262] As shown in FIG. 78, a first passivation layer 410 can be formed on the surface of
the first barrier layer 409. The first passivation layer 410 can be used for protecting the
first barrier layer 409 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 410 can be an amorphous silicon layer formed by
using a deposition process.

[00263] The portions of the first passivation layer 410, the first barrier layer 409, the first
storage layer 408 and the first tunneling layer 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 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 405.

[00264] In some embodiment, in the same removal process, the first barrier layer 409,
the first storage layer 408, the first tunneling layer 407, and the oxide layer of the first
mask layer 404 located on the surface of the nitride layer of first mask layer 404 can also
be removed. As such, the nitride layer of first mask layer 404 is remained on the surface
of the first insulating connection layer 403.

[00265] At S405, a second channel structure can be formed on the sidewall of the first
functional layer 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 surface 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.

[00266] As shown in FIG. 79, a second channel layer 411 can be formed to cover the
sidewalls of the first passivation layer 410 and the bottom of each of the plurality of first
through holes 405. The second channel layer 411 can also cover the surface of the first
insulating connection layer 403, or cover the surface of the nitride layer of the first mask
layer 404. In some embodiments, the second channel layer 411 can be an amorphous
silicon layer formed by using a deposition process.

[00267] As shown in FIGs. 80A and 80B, a portion of the second channel layer 411 can be

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

[00268] It is noted that, in various embodiments, the top surface 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 layer
402. In some embodiments, the top surface of the second channel structure can be higher
than the top nitride layer in the first stacked layer 402, as shown in FIG. 80A. 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 layer in the first stacked layer 402, as shown in
FIG. 80B.

[00269] At S406, a first groove can be formed above the first insulating connection
layer 403 above each of the plurality of first through holes 405. 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.

[00270] As shown in FIGs. 81A and 81B, the nitride layer of the first mask layer 404 can
be removed. In some embodiments, the nitride layer of the first mask layer 404 can be
removed by using an etching process.

[00271] As shown in FIGs. 82A and 82B, the surface of the first insulating connection
layer 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 penetrate the first insulating
connection layer 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.

[00272] 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 layer 403, as shown in
FIG. 82A. For example, the depth of the first groove 412 can be in a range between
50nm and 70nm. In one embodiment, the thickness of the planarized first insulating

connection layer 403 is about 90nm, while the depth of the first groove is about 60nm.
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[00273] 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
in FIG. 82B. That is, a portion of the top nitride layer in the first stacked layer 402 can
also be removed to form the first groove. For example, the depth of the first groove 412
can be in a range between 50nm 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 is about 60nm.

[00274] At 8407, a third channel structure 413 can be formed in each of the plurality of
first grooves 412. As shown in FIGs. 83A and 83B, the third channel structure 413 can
be in contact with the second channel structure in each of the plurality of first through
holes 405. In some embodiments, the third channel structure 413 can be a polycrystalline
silicon player formed by using a deposition process.

[00275] 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
insulating connection layer 403, as shown in FIG. 83A. For example, the thickness of
each third channel structure 413 can be in a range between 50nm and 70nm, preferably
about 60nm. Insome alternative embodiments, the thickness of each third channel
structure 413 can be greater than the thickness of the planarized first insulating
connection layer 403, as shown in FIG. 83B. For example, the thickness of each third
channel structure 413 can be in a range between 60nm and 80nm, preferably about 70nm.

[00276] Referring to FIG. 103B, at S408, a second stacked layer 414 and a second
insulating connection layer 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 layers and silicon nitride layers.
Similar to the first stacked layer 402 as described above, the multiple oxide layers (shown
in the areas with dotes) and multiple nitride layers (shown in the areas with meshes) in the
second stacked layer 414 alternate in a vertical direction. The second stacked layer 414
can include any suitable number of layers of the oxide layers and the nitride layers. In
some embodiments, a total number of layers of the oxide layers and the nitride layers in
the second stacked layer 414 is equal to or larger than 64.

[00277] In some embodiments, the second insulating connection layer 415 can be made by

any suitable insulating material and/or dielectric material, such as silicon 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 layer in the second stacked layer 414.

[00278] Further, in some embodiments, a second mask layer 416 can be formed on the
surface of the second insulating connection layer 415. The second mask layer 416 can
include a nitride layer on the surface of the second insulating connection layer 415,
and an oxide layer on the surface of such nitride layer.

[00279] At S409, 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 penetrate the second stacked
layer 414, the second insulating connection layer 415, and the second mask layer 416, and
can extend into the surface of the corresponding third channel structure 413. The
projection of each second through hole 417 on the substrate 401 can at least partially
overlap with the projection of the corresponding first through hole 405 on the substrate
401.

[00280] In some embodiments, the second stacked layer 414, the second insulating
connection layer 415, the second mask layer 416, and the third channel structures 413 can
be etched to form the plurality of second through holes 417 that penetrate the second
stacked layer 414 and the second insulating connection layer 415. The second stacked
layer 414, the second insulating connection layer 415, the second mask layer 416, and/or
the third channel structure 413 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 417.

[00281] It is noted that, each second through hole 417 can extend to the surface of the
corresponding third channel structure 413, or can extend into the corresponding third
channel structure 413. As such, a fourth channel structure formed subsequently in each
second through hole 417 can directly contact the corresponding third channel structure.

[00282] In some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 417 and the radius of the bottom 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 bottom surface of the second through hole 417 can be no more than 15

nm.
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[00283] At 84010, a second functional layer can be formed on the sidewall of each second
through hole 417. In some embodiments, the second functional layer can include
a second tunneling layer 418, a second storage layer 419, a second barrier layer 420, and
a second passivation layer 421.

[00284] As shown in FIG. 86, the second tunneling layer 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 layer 418 can be used for generating
electronic charges. In some embodiments, the second tunneling layer 418 can be an oxide
layer formed by using a deposition process.

[00285] The second storage layer 419 can be formed on the surface of the second
tunneling layer 418. The second storage layer 419 can be used for storing electronic
charges. In some embodiments, the second storage layer 419 can be a nitride layer
formed by using a deposition process.

[00286] The second barrier layer 420 can be formed on the surface of the second storage
layer 419. The second barrier layer 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.

[00287] As shown in FIG. 87, a second passivation layer 421 can be formed on the surface
of the second barrier layer 420. The second passivation layer 421 can be used 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 layer formed by using a deposition process.

[00288] As shown in FIG. 87, the portions of the second passivation layer 421, the second
barrier layer 420, the second storage layer 419, the second tunneling layer 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
include an etching process and a cleaning process. In some embodiments, the portions of
the second passivation layer 421, the second barrier layer 420, the second storage layer
419, the second tunneling layer 418, the oxide layer of the second mask layer 416 that are
located on the nitride layer of the second mask layer 416 can also be removed by the
same removal process. As such, the second functional layer 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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[00289] In some embodiments, the portions of the second barrier layer 420, the second
storage layer 419, and the second tunneling layer 418 that are located under the second
passivation layer 421, as shown in the dashed circle in FIG. 88, can also be removed by
using an etching process.

[00290] At S4011, the second tunneling structure, the third tunneling structure, the second
passivation layer 421, and the first passivation layer 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 plurality 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.

[00291] At S4012, 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
each 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 filling structure.

[00292] As shown in FIG. 90, a fourth channel layer 428 can be formed to cover the
sidewall and the bottom surface of each 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 fourth channel layer 428 can also cover the top surface of the nitride layer of the
second mask layer 416. In some embodiments, the fourth channel layer 428 can be
an amorphous silicon layer formed by using a deposition process. In some embodiments,
the fourth channel structure 428 includes a joint channel structure that is sandwiched
between the first stacked layer 402 and the second stacked layer 414, and covers the
exposed surface of the first insulating connection layer 403.

[00293] As shown in FIG. 91, a second filling layer 429 can be formed to cover the fourth
channel layer 428. In some embodiments, the second filling layer 429 can include one or
more airgaps in each third through hole 417. In some embodiments, the second filling
layer 429 can be an oxide layer formed by using a deposition process.

[00294] As shown in FIG. 92, a third 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 layer 430 as
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a mask, the portions of the second filling layer 429 located in the second region 200 and
the third region 300 can be removed by using an etching process.

[00295] As shown in FIG. 93, the third mask layer 430 can be removed. Using the
remaining second filling layer 429 in the first region 100 as a mask, the fourth channel
layer 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.

[00296] As shown in FIG. 94, a third filling layer 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 insulating 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
embodiments, the filling performance of the third filling layer 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 layer 432 can be less than the removal rate of the
second filling layer 429.

[00297] As shown in FIG. 95, the second filling layer 429 on the surface of the fourth
channel 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 is
noted that, a portion of the third filling layer 432 can also be removed by the same etching
process.

[00298] As shown in FIG. 96, a first filling layer 434 can be formed in each fifth through
hole 433 in the first region 100, and in each fourth through hole 431 in the second region
200 and the third region 300. The material of the first filling layer 434 can be the same
material of the third filling layer 432.

[00299] As shown in FIG. 97, a portion of the first filling layer 434 can be removed by
using an etching process, such that the top surface of the first filling layer 434 in each
fifth through hole 433 or fourth through hole 431 is lower than the top surface of the
second insulating connection layer 415. The remaining portion of the first filling layer
434 in each fourth through hole 431 or fifth through hole 433 can form the first filling

structure.
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[00300] Further, the portion of the fourth channel layer 428 located on the surface of the
second insulating connection layer 415 or the surface of the second mask layer 416 can be
removed by using an etching process. The remaining portion of the fourth channel layer
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 channel 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.

[00301] It is 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 layer 414. The top surface of the fourth channel structure is not lower
than the top surface of the top oxide layer in the second stacked layer414. 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 414.

[00302] At S4013, 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.

[00303] As shown in FIG. 99, the fifth channel structure 435 can be formed in the second
groove that is on the fourth channel structure and the first filling structure in each fifth
through hole 433 in the first region 100. The fifth channel structure 435 can also be
formed in the second groove that is on the first filling structure in each fourth through
hole 431 in the second region 200 and the third region 300.

[00304] As shown in FIG. 100, the nitride layer of the second mask layer 416 can be then
removed by 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 plurality of fifth
channel structures 435 can be planarized by any suitable techniques, such as backside
grinding, and/or chemical mechanical polishing (CMP).

[00305] 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 structure can have alarge 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 3D memory
device can simultaneously form a plurality of channel holes, staircase dummy holes, and
through array contact barriers, resulting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

[00306] In some embodiments, the present disclosure also provides another three-
dimensional memory device formed by using the above disclosed method as shown in
FIGs. 101A and 101B. The three-dimensional memory device can include a first region
for forming aplurality of channel holes, a second region for forming a plurality of
staircase structure (SS) dummy holes, and athird region for forming 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.

[00307] A first stacked layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on a substrate. A first
insulating connection layer is formed on the first stacked layer. A plurality of first
through holes penetrating the first stacked layer and the first insulating connection layer
and extending into the surface of the substrate are formed in the first region, the second
region, and the third region.

[00308] A first channel structure is formed on the surface of the substrate exposed by each
first through hole. A first functional layer is 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 is 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.

[00309] A first groove is formed in the first insulating 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 substrate
completely covers a projection of the corresponding first through hole on the substrate.
A third channel structure in contact with the second channel structure in the

corresponding first through hole is formed in each first groove.
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[00310] 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 layer and the plurality of third channel structures. A second
insulating connection layer is formed on the second stack layer. A plurality of second
through holes penetrating through the second stacked layer and the second insulating
connection 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.

[00311] 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 layer and
the bottom surface of each second through hole in the first region. A second filling is
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.

[00312] In the first region, a fifth channel structure in 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 is
formed in a second groove in each second through hole that is surrounded by the second
functional layer, and above the second filling structure.

[00313] 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 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, in the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and a
plurality of through array contact (TAC) barriers can be formed in the third region. The
plurality of staircase structure dummy holes in the second region can have a supporting

function of the staircase structure.
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[00314] In some embodiments, as shown in FIG. 101A, 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 layer of the first stacked layer and the bottom nitride layer of the
second stacked layer can be in a range between 80nm and 100nm, preferably about 90nm.
A thickness “c” of the third channel structure can be in a range between 50nm and 70nm,
preferably about 60nm.

[00315] 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 layer, which is the
distance between the top nitride layer of the first stacked layer and the bottom nitride
layer of the second stacked layer can be in a range between 20nm and 40nm, preferably
about 30nm. A thickness “c” of the third channel structure can be in a range between
50nm and 70nm, preferably about 60nm.

[00316] 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

[00317] In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 402 and the second stacked
layer 414 with a conductive layer 440, as shown in FIGs. 102A and 102B. The
conductive layer can include any suitable material that is electronically conductive,
including, but not limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination
thereof.

[00318] 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 is, the first stacked layer and the second
stacked layer in the first region and the second region can be alternating
conductive/dielectric stack, while the first stacked layer and the second stacked layer in
the third region can be alternating oxide/nitride stack.

[00319] In some embodiments, during the replacement process, a portion of the third
channel structure 413 that is adjacent with the bottom nitride layer 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
102B, athickness “c” 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.

[00320] The provision of the examples described herein (as well as clauses phrased as

" " "oy

"such as, including," and the like) should not be interpreted as limiting

eg.,
the claimed subject matter to the specific examples; rather, the examples are intended to
illustrate only some of many possible aspects.

[00321] 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 listed after the
word and their equivalents, without excluding other elements or objects. The words
"connect" or "link" and the like are not limited to physical or mechanical connections, but
can include electrical connections, either directly or indirectly.

[00322] Although the present disclosure has been described and illustrated in the foregoing
illustrative embodiments, it is understood that the present disclosure has been made only
by way of example, and that numerous 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
embodiments can be combined 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.
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The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

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

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Yangtze Memory Technologies Co., Ltd.

Mailing Address Information For Applicant:

Address 1 18 Gaoxin 4th Road

Address 2 East Lake High-Tech Development Zone

City Wuhan, Hubei State/Province

Countrf | CN Postal Code 430074
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFS Web 2.2.13

Micron Ex. 1002, p. 204
Micron v. YMTC
IPR2025-00294
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Approved for use through 11/30/2020. OMB 0651-0032

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

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

. . Attorney Docket Number | 4123.0110002
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention JOINT OPENNING STRUCTURES OF THREE-DIMENSIONAL MEMORY DEVICES AND METHODS FOR
FORMING THE SAME

Assignee 1

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

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

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

Yangtze Memory Technologies Co., Ltd.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 18 Gaoxin 4th Road

Address 2 East Lake High-Tech Development Zone

City Wuhan, Hubei State/Province

Countryi CN Postal Code 430074

Phone Number Fax Number

Email Address

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

Signature:

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

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

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

Signature |/Donald J. Featherstone/ Date (YYYY-MM-DD)| 2018-07-26

First Name | Donald Last Name | Featherstone Registration Number | 33,876

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

4123.0110002

Application Number

Title of Invention | -qp\/iNG THE SAME

JOINT OPENNING 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 to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: LU eral.

Applicant: Yangtze Memory Technologies
Co., Ltd.

Application No.: To Be Assigned
Filing Date: Herewith

Confirmation No.: 7o Be Assigned

Art Unit: 7o Be Assigned

Examiner: To Be Assigned

Atty. Docket: 4123.0110002

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

Authorization to Treat

a Reply as Incorporating an

Extension of Time Under 37 C.F.R. § 1.136(a)(3)

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

Commissioner:

The U.S. Patent and Trademark Office is hereby authorized to treat any concurrent or future

reply that requires a petition for an extension

of time under this paragraph for its timely submission,

as incorporating a petition for extension of time for the appropriate length of time. The U.S. Patent

and Trademark Office is hereby authorized to charge all required extension of time fees to our

Deposit Account No. 19-0036, if such fees are not otherwise provided for in such reply.

Date:  7/26/18

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

9722585_1.docx

Respectfully submitted,

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

Donald J. Featherstone
Attorney for Applicant
Registration No. 33,876
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/046,847
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e o) N/A N/A N/A N/A 300
SEARCH FEE
R i) N/A N/A N/A N/A 660
EXAMINATION FEE
A ON e N/A N/A N/A N/A 760
TOTAL CLAIMS .
(37 CFR 1.16(i)) 20 minus 20= OR [|x 100 = 0.00
INDEPENDENT CLAIMS ! *
(37 CFR 1.16(h)) 3 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 400
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 2120
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total " =
s (37 CF?{ Iav16(i)) Mins OR [«x
=] Independent * Minus | *** =
E (37 onR 1.16(h)) OR |x
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total * Minus | ** = -
= (37 oFg{ ?16@)) OR [x =
% Independent Minus - = = OR |«x =
w (37 CFR 1.16(h)) = =
<§: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1
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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 |
16/046,847 07/26/2018 Zhenyu LU 4123.0110002
CONFIRMATION NO. 7612
26111 FORMALITIES LETTER

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

100 NEW YORK AVENUE. W O

WASHINGTON, DC 20005
Date Mailed: 08/30/2018

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The statutory basic filing fee is missing.
+ The application search fee must be submitted.
* The application examination fee must be submitted.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« A substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. The substitute
specification must be submitted with markings and be accompanied by a clean version (without markings) as
set forth in 37 CFR 1.125(c) and a statement that the substitute specification contains no new matter (see 37
CFR 1.125(b)). The specification, claims, and/or abstract page(s) submitted is not acceptable and cannot be
scanned or properly stored because:

+ The application contains drawings, but the specification does not contain a brief description of the several
views of the drawings as required by 37 CFR 1.74 and 37 CFR 1.77(b)(9).

The following item(s) appear to have been omitted from the application:
+ Figure(s) 22, 49, 73, 102 described in the specification.

Applicant must reply to this notice within the time period set forth in this notice to avoid abandonment of

this application. Applicant must select one of the three following options and the reply must comply with the
requirements set forth in the selected option and any other requirements set forth in this notice. The reply should
also indicate which option applicant has selected.

I. Petition for date of deposit: Should applicant contend that the above-noted omitted item(s) was in fact
deposited in the U.S. Patent and Trademark Office (USPTO) with the nonprovisional application papers, a copy of
this Notice and a petition (and the petition fee set forth in 37 CFR 1.17(f) with evidence of such deposit must be
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filed within TWO MONTHS of the date of this Notice. The petition fee will be refunded if it is determined that the
item(s) was received by the USPTO. THIS TWO MONTH PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a)
or (b).

Applicant should review their application file and determine whether their file differs from USPTO’s records. In
some situations there may be a mislabeling of the drawings and/or a failure to describe in the brief description
each of the figures as labeled.

The brief description of the drawings in the specification must correspond with the figures and the figures must
be labeled in accordance with 37 CFR 1.84(u)(1). For example, if the brief description describes Figure 1 and
Figure 2 only, but the drawings show Fig. 1 and Fig. 2A and Fig. 2B, then the specification must be amended to
refer to Figure 2A and Figure 2B and delete the reference to Figure 2 and a substitute specification in compliance
with 37 CFR 1.52, 1.121(b)(3), and 1.125, is required. As another example, if a drawing is labeled Figure 2, but
there are actually multiple figures within the labeled Figure 2 having labels A, B, and C, then the drawings must
be relabeled in accordance with 37 CFR 1.84(u)(1) (e.g., Fig. 2A, Fig. 2B, and Fig. 2C). If the specification does
not refer to the figures as relabeled, then the specification must be amended to refer to the relabeled figures (e.g.,
Fig. 2A, Fig. 2B, and Fig. 2C) and a substitute specification in compliance with 37 CFR 1.52, 1.121(b)(3), and
1.125, is required. A petition for date of deposit under option | should NOT be filed in either situation or in similar
situations where there is simply a mislabeling of the drawings and/or a failure to describe in the brief description
each of the figures. Instead, applicant should file a reply under option I11.A below (including replacement drawing
sheets and/or a substitute specification as required in 111.A.2).

Il. Petition for later filing date: Should applicant desire to supply the omitted item(s) and accept the date that
such omitted item(s) was filed in the USPTO as the filing date of the above-identified application, a copy of this
Notice, the omitted item(s), and a petition under 37 CFR 1.182 with the petition fee set forth in 37 CFR 1.17(f)
requesting the later filing date must be filed within TWO MONTHS of the date of this Notice. THIS TWO MONTH
PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a) or (b).

Applicant is advised that generally the filing fee required for an application is the filing fee in effect on the filing
date accorded the application and that payment of the requisite basic filing fee on a date later than the filing date
of the application requires payment of a surcharge (37 CFR 1.16(f)). To avoid processing delays and payment
of a surcharge, applicant should submit any balance due for the requisite filing fee based on the later filing date
being requested when submitting the omitted item(s) and the petition (and petition fee) requesting the later filing
date.

lll. Acceptance of application as deposited: Applicant may accept the application as deposited in the USPTO
by filing an appropriate amendment as set forth in either (A) or (B) below within TWO MONTHS of the date of this
Notice. THIS TWO MONTH PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a) or (b) . The application will
maintain a filing date as of the date of deposit of the application papers in the USPTO, and original application
papers (i.e., the original disclosure of the invention) will include only those application papers present in the
USPTO on the date of deposit. A petition is not required for this option.
(A) If applicant wants to accept the application as deposited without adding the subject matter that was in the
omitted item (e.g., a missing page or figure), applicant is required to submit one or more of the following items
without adding any new matter (see 35 U.S.C. 132(a)):
1. For a missing page of the specification,
a) a substitute specification including claims that amends the specification to renumber the pages
consecutively and cancels any incomplete sentences, and
b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;
2. For a missing figure of the drawings (including a mislabeled figure),
a) replacement drawing sheets in compliance with 37 CFR 1.121(d) to renumber the drawing figures
consecutively (if necessary),
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b) a substitute specification excluding claims that amends the specification to cancel any references to any
omitted drawing(s) and corrects the references in the specification to the drawing figures to correspond
with any relabeled drawing figures, and

¢) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

3. For a missing page of the claim listing only, a replacement claim listing with the claims renumbered
consecutively or, if amendment to the claims is also necessary, then a complete claim listing in compliance
with 37 CFR 1.121(c);

4. For a missing or unreadable compact disc,

a) a substitute specification (excluding the claims) deleting the reference to the compact disc and the files
contained on the compact disc, and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125; and

5. For a missing or unreadable file submitted on a compact disc,

a) a substitute specification (excluding the claims) deleting the reference to the missing or unreadable file,
and a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125; and

b) a replacement transmittal letter listing all of the files except the missing or unreadable file in compliance
with 37 CFR 1.52(e)(3)(ii).

(B) Alternatively, if applicant wants to accept the application as deposited but wishes to add the subject matter in
the omitted item (e.g., a missing page or figure) by relying on an incorporation by reference under 37 CFR 1.57 or
other portions of the original disclosure, applicant is required to submit one or more of the following items without
adding any new matter (see 35 U.S.C. 132(a)):

1. To add the subject matter in a missing page of specification,

a) a substitute specification excluding claims and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

2. To add a missing figure of the drawings, new and replacement drawing sheets in compliance with 37 CFR

1.121(d);

3. To add the subject matter in a missing page of the claim listing, a complete claim listing in compliance with 37
CFR 1.121(c) (e.g., a claim in the missing page should be submitted as a new claim);

4. To add the subject matter in a missing or unreadable compact disc,

a) a replacement compact disc and a duplicate copy of the compact disc, in compliance with 37 CFR 1.52(e);
and

b) a statement that the replacement compact disc contains no new matter in compliance with 37 CFR
1.52(e)(4); and,

5. To add the subject matter in a missing or unreadable file submitted on a compact disc,

a) a replacement compact disc that contains all of the files listed in the specification including the missing or
unreadable file and a duplicate copy of the compact disc, in compliance with 37 CFR 1.52(e); and

b) a statement that the replacement compact disc contains no new matter in compliance with 37 CFR
1.52(e)(4).

If applicant is relying on an incorporation by reference under 37 CFR 1.57 to add the omitted subject matter, then

applicant must also comply with the requirements of 37 CFR 1.57.

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

application size fee.
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+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
* late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 300 basic filing fee.

« $ 400 for 42 electronically equivalent pages in excess of 100 application size fee.

+ $ 160 surcharge.

+$ 660 search fee.

+ $ 760 examination fee.

+ $(0) previous unapplied payment amount.

+$2280 TOTAL FEE BALANCE DUE.

ltems Required To Avoid Processing Delays:

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

* A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Zhenyu LU
Wenguang SHI
Guanping WU
Feng PAN
Xianjin WAN
Baoyou CHEN
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

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

Alexandria VA 22313-1450

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

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

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

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lygizaw/
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APIE)TI{JII\(/:IgglI{ON I 35115;1)1\1]SA?11‘E G%I;\]A?IBT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMSl
T6/046,847 072672018 2811 0.00 21230110002 20
CONFIRMATION NO. 7612
26111 FILING RECEIPT
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.G.
1100 NEW YORK AVENUE, N.W. AL R UEEIE

WASHINGTON, DC 20005
Date Mailed: 08/30/2018

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
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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 believe 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 {5} 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} o 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

{2y 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, eaissues,
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
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(¢} 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: LU et al. Confirmation No.: 7612
Applicant: Yangtze Memory Technologies Art Unit: 2811

Co., Ltd.

Application No.: 16/046,847 Examiner: To Be Assigned
(Continuation of Appl. No. Atty. Docket: 4123.0110002
PCT/CN2018/077785; Filed: March 1, 2018)

Filing Date: July 26, 2018

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

Preliminary Amendment Under 37 C.F.R. § 1.115
Mail Stop Missing Parts

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

Commissioner:

In response to the Notice to File Missing Parts of Nonprovisional Application dated
August 30, 2018, and in advance of prosecution, Applicant submits the following amendments and
remarks. Applicant accepts the present application as deposited in the Office. Accordingly, this
application shall maintain its filing date of July 26, 2018.

Amendments to the Specification begin on page 2 of this paper.

Remarks and Arguments begin on page 3 of this paper.

It is not believed that extensions of time are required beyond those that may otherwise be
provided for in documents accompanying this paper. However, if additional extensions of time are
necessary to prevent abandonment of this application, then such extensions of time are hereby
petitioned under 37 C.F.R. § 1.136(a), and any additional fees required to continue prosecution or
appeal of this application (including issue fee, fees for net addition of claims or forwarding to

appeal) are hereby authorized to be charged to our Deposit Account No. 19-0036.
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Application No. 16/046,847

Amendments to the Specification

Please enter the Substitute Specification filed herewith. Marked-up and clean versions of the

Substitute Specification are provided.

Atty. Dkt. No. 4123.0110002
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-3- LU et al.
Application No. 16/046,847

Remarks

The specification has been amended to correct the spelling of “OPENING” in the title. The
“Brief Description of the Drawings” section has been amended at §f [0026], [0028], [0030], [0032],
[0045], [00114], [00189] and [00247] to correctly identify the drawings that coincide with the
drawing numbers improperly recited in the original specification. These changes are believed to
introduce no new matter, and their entry is respectfully requested.

Conclusion

Prompt and favorable consideration of this Preliminary Amendment is respectfully
requested. Applicant believes the present application is in condition for allowance. If the Examiner
believes, for any reason, that personal communication will expedite prosecution of this application,
the Examiner is invited to telephone the undersigned at the number provided.

Respectfully submitted,

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

Donald J. Featherstone

Attorney for Applicant

Registration No. 33,876
Date: __ November 29, 2018

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

10376562 _1.docx

Atty. Dkt. No. 4123.0110002
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Substitute Specification — Marked Up

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

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority to PCT/CN2018/077785 filed on March 1, 2018,
which claims the priorities of Chinese Patent Application No. 201710134782.1, filed on
March 8, 2017, and Chinese Patent Application No. 201710134783.6, filed on March 8§,

2017, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to the field of semiconductor technology,
and more particularly, to joint opening structures of three-dimensional (3D) memory

devices and method for forming the same.

BACKGROUND

[0003] As semiconductor technology advances, three-dimensional (3D) memory devices,
such as 3D NAND memory devices, keep scaling more oxide/nitride (ON) layers.
As such, it becomes difficult to use a single etching process to form the channel 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
capability control of the formed channel holes, including bow-free, straight profile,
critical dimension (CD) uniformity, minimal twisting, etc., tend to be more challenging.

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

BRIEF SUMMARY

[0004] 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.

[0005] One aspect of the present disclosure provides a method of forming a joint opening

structure in a three-dimensional (3D) memory device. The method includes forming a

Micron Ex. 1002, p. 228
Micron v. YMTC
IPR2025-00294



-2-

first stacked layer and forming a first insulating connection layer on the first stacked
layer, forming a first through hole that penetrates the first stacked layer and the first
insulating connection layer, forming a first channel structure overlay the surface of the
substrate that is exposed by the first through hole, forming a first functional layer on the
sidewall 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 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 layer on the first insulating connection layer, forming a second through hole
that penetrates the second stacked layer and the second insulating connection layer. A
projection of the second through hole on the substrate at least partially overlaps with the
projection of the first through hole on the substrate. The method further includes forming
a second functional layer on the sidewall of the second through hole, forming a fourth
channel structure and forming a second filling structure on the sidewall of the second
functional layer and the exposed surface of the third channel structure, and forming a fifth
channel structure in contact with the fourth channel structure above the second through
hole.

[0006] In some embodiments, the first stacked layer includes a first number of
oxide/nitride layer pairs, and the second stacked layer includes a second number of
oxide/nitride layer pairs. The first number and the second number are not less than 32.

[0007] Forming the first functional layer includes forming a first tunneling layer on the
sidewall of the first through hole and the exposed surface of the first channel structure.
The first tunneling layer is configured, in operation, to generate charges. Forming the
first functional further includes forming 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 layer on the surface of the first storage layer to block the outflow of charges in the
first storage layer, forming a first passivation layer on the surface 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
layer, and the first tunneling layer on the surface of the first channel structure. The

remaining portions of the first passivation layer, the first barrier layer, the first storage
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layer, and the first tunneling layer on the sidewall of the first through hole form the first
functional layer.

[0008] Forming the second channel structure and the first filling structure includes
forming a second channel layer that covers the sidewall of the first passivation layer and
the exposed surface of the first channel layer, forming the first filling layer that covers the
surface of the second channel layer, removing a portion of the first filling layer to form
the first filling structure, wherein the top surface of the first filling structure is lower than
the top surface of the first insulating connection layer, and removing a portion of the
second channel layer to form the second channel structure. A top surface of the second
channel structure is lower than a top surface of the first insulating connection layer.

[0009] Forming the third channel structure includes etching the first insulating connection
layer to form a first groove. In some other embodiments, forming the third channel
structure includes etching the first insulating connection layer and at least a portion of the
top nitride layer 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 layer is in contact with the second channel
structure, and planarizing the top surfaces of the first insulating connection layer and the
third channel layer to form the third channel structure.

[0010] In some embodiments, the method further includes forming a first mask layer
overlaying the first insulating connection layer before forming the first through hole, and
removing the first mask layer after forming the third channel structure, and forming a
second mask layer on the second insulating connection layer before forming the second
through hole, and removing the first mask layer after forming the fifth channel structure

[0011] Forming the fourth channel structure and the second filling structure includes
forming a fourth channel layer that covers the sidewall of the second functional layer and
the exposed surface of the third channel layer, forming a second filling layer that covers
the surface of the fourth channel layer, 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
lower than a top surface of the second insulating connection layer. A top surface of the
second filling structure is lower than the top surface of the second insulating connection

layer.
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[0012] Forming the fifth channel structure includes etching the second insulating
connection layer to form a second groove, forming a fifth channel layer in the second
groove, wherein the fifth channel layer is in contact with the fourth channel structure, and
planarizing the top surfaces of the second insulating connection layer and the fifth
channel layer to form the fifth channel structure. A projection of the second groove on
the substrate covers the projection of the second through hole on the substrate.

[0013] Another aspect of the present disclosure provides another method of forming a
joint opening structure in a three-dimensional (3D) 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 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 layer 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 hole, forming a first functional layer on the
sidewall 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 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 includes forming a second stacked
layer on the first insulating connection layer, forming a second insulating connection
layer on the second stacked layer, forming a plurality 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
substrate. The method further includes forming a second functional layer on the sidewall
of each second through hole, forming a fourth channel structure and forming a second
filling structure on the sidewall of the second functional layer and the exposed surface of
the third channel structure in each second through hole in the first region, and forming a
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 channel
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structure above each second through hole in 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 includes
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 layer, forming a third mask layer that covers the third filling
layer in the first region, and using the third mask layer 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 layer in the first region as a mask to 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 layer 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
in the first region, the second region, and the third region, removing a portion of the
second filling layer to form the second filling structure in each second through hole, and
removing a portion of the fourth channel layer to form the fourth channel structure in
each second through hole. The top surface of the second filling structure is lower than the
top surface of the second insulating connection layer, and the top surface of the fourth
channel structure is lower than the top surface of the second insulating connection layer.

[0015] Another aspect of the present disclosure provides annother method of forming a
joint opening structure in a three-dimensional (3D) memory device. The method includes
forming a first stacked layer and forming a first insulating connection layer on a substrate,
forming a first through hole that penetrates the first stacked layer and the first insulating
connection layer, forming a first channel structure overlay the surface of the substrate that
is exposed by the first through hole, forming a first functional layer on the sidewall of the
first through hole, forming 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 layer on the third channel structure, forming a second
through hole that penetrates the second stacked layer and the second insulating

connection layer. A projection of the second through hole on the substrate at least
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partially overlaps with the projection of the first through hole on the substrate. The
method further includes forming a second functional layer on the sidewall of the second
through hole, removing portions of the second functional layer and the third channel
structure at the bottom 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 channel 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 connection layer, forming a first filling
structure that covers the surface of the fourth channel structure, and forming a fifth
channel structure in contact with the fourth channel structure above the joint through hole.
[0016] Another aspect of the present disclosure provides another method of forming a
joint opening structure in a three-dimensional (3D) 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 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 layer and the first insulating connection layer 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 layer on the sidewall of
each first through hole, forming a second channel structure on the sidewall of the first
functional layer 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
includes forming a second stacked layer and forming a second insulating 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 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
substrate. The method further includes forming a second functional layer on the sidewall
of each second through hole, removing portions of the second functional layer and the

third channel structure at the bottom of each second through hole to interconnect the
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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 on the sidewall of each joint through hole and the
exposed surfaces of the first insulating connection layer, forming a first filling structure
that covers the surface of the fourth channel structure in each joint through hole, and
forming a fifth channel structure above each joint through hole in 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 joint through hole in the first region.

[0017] Another aspect of the present disclosure provides a joint opening structure of a
three-dimensional (3D) memory device, including a first stacked layer disposed
overlaying a substrate, a first insulating connection layer disposed on the first stacked
layer, 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 substrate, 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 layer, 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 substrate. The joint opening structure further includes a second
stacked layer disposed on the third channel structure, a second insulating connection layer
disposed on the second stacked layer. A second through hole penetrating the second
stacked layer and the second insulating connection layer. A projection of the second
through hole on the substrate at least partially overlaps with the projection of the first
through hole on the substrate. The joint opening 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 sidewall of the second
functional layer, and a fifth channel structure in contact with the fourth channel structure
disposed over the second through hole.

[0018] In some embodiments, a first filling structure covers the surface of the second
channel structure, and a second filling structure covers the surface of the fourth channel

structure. The first through hole is non-interconnected with the second through hole.
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[0019] In some other embodiments, a first filling structure covers the surfaces of the
second channel structure and the fourth channel structure. The first through hole is
interconnected with the second through hole.

[0020] In some embodiments, the first stacked layer includes a first number of
conductor/dielectric layer pairs, and the second stacked layer includes a second number of
conductor/dielectric layer pairs.

[0021] In some other embodiments, the first stacked layer includes a first number of
oxide/mitride layer pairs, and the second stacked layer includes a second number of
oxide/nitride layer pairs. The first number and the second number are not less than 32.

[0022] A thickness of the third channel structure is 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 to or less than 30nm. A size difference between a top aperture and a bottom
aperture of the second through hole is equal to or less than 30nm.

[0023] Another aspect of the present disclosure provides a three-dimensional (3D)
memory device, including a first stacked layer disposed on a substrate, a first insulating
connection layer disposed on the first stacked layer, a second stacked layer disposed on
the first insulating connection layer, a second insulating connection layer disposed on the
second stacked layer, a plurality of channel holes in 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 joint
opening structure.

[0024] Other aspects of the present disclosure can be understood by those skilled in the

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 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
identify like elements. It is noted that the following drawings are merely examples for
illustrative purposes according to various disclosed embodiments and are not intended to

limit the scope of the present disclosure.
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[0026] FIGs. +22-1-6. 7A. 7B. 8A. 8B. 9A. 9B. 10A. 10B. 11A. 11B. 12-20. 21A. 21B

22A and 22B illustrate schematic structural cross-sectional diagrams of an exemplary
joint opening structure of three-dimensional (3D) memory device at certain stages of
a fabricating process in accordance with some embodiments of the present disclosure;

[0027] FIGs. 23A and 23B illustrate schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

[0028] FIGs. 24-4924-29. 30A. 30B. 31A. 31B. 32A. 32B. 33A. 33B. 34A. 34B. 35-47

48A. 48B. 49A and 49B 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;

[0029] FIGs. 50A and 50B illustrate schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

[0030] FIGs. 3+-9351-55. S6A. 56B. 57A. 57B. S8A. 58B. 59A. 59B. 60-71. 72A. 72B

73A and 73B 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;

[0031] FIGs. 74A and 74B illustrate schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

[0032] FIGs. 5146275-79. 80A. 80B. 81A. 81B. 82A. 82B. 83A. 83B. 84-100. 101A

101B, 102A and 102B 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;

[0033] FIGs. 103A and 103B illustrate schematic flow diagrams of another exemplary

fabricating process for forming a joint opening structure of three-dimensional (3D)
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memory device are illustrated in accordance with some embodiments of the present
disclosure.
[0034] Embodiments of the present disclosure will be described with reference to the

accompanying drawings.

DETAILED DESCRIPTION

[0035] Reference now be made in detail to 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
embodiments that are not conflicted with each other can be combined 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.

[0036] It is noted that references in the specification to “one embodiment,”

EX Y3 EE I3

“an embodiment,” “an example embodiment,” “some embodiments,” etc., indicate that
the embodiment described may include a particular feature, structure, or characteristic,
but every embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases do not necessarily refer to the same embodiment.
Further, when a particular feature, structure or characteristic is described in contact with
an embodiment, it would be within the knowledge of a person skilled in the pertinent art
to effect such feature, structure or characteristic in contact with other embodiments
whether or not explicitly described.

[0037] In general, terminology may be understood at least in part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon
context, may be used to describe any feature, structure, or characteristic in a singular
sense or may be used to describe combinations of features, structures or characteristics in

CCpy 90 G
a

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

context.
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[0038] It should be readily understood that the meaning of “on,” “above,” and “over” in
the present disclosure should be interpreted in the broadest manner such that “on” not
only means “directly on” something but also includes the meaning of “on” something
with an intermediate feature or a layer therebetween, and that “above™ or “over” not only
means the meaning of “above” or “over” something but can also include the meaning it is
“above” or “over” something with no intermediate feature or layer therebetween (i.e.,
directly on something).

RIS

[0039] Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“upper,” and the like, may be used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s) as illustrated in the figures.
The spatially relative terms are intended to encompass different orientations of the device
in use or operation in addition to the orientation depicted in the figures. The apparatus
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein may likewise be interpreted accordingly.

[0040] As used herein, the term “substrate” refers to a material onto which subsequent
material layers are added. The substrate itself can be patterned. Materials added on top
of the substrate can be patterned or can remain unpatterned. Furthermore, the substrate
can include a wide array of semiconductor materials, such as silicon, germanium, gallium
arsenide, indium phosphide, etc. Alternatively, the substrate can be made from
an electrically non-conductive material, such as a glass, a plastic, or a sapphire wafer.

[0041] As used herein, the term “layer” refers to a material portion including a region
with a thickness. A layer can extend over the entirety of an underlying or overlying
structure, or may have an extent less than the extent of an underlying or overlying
structure.  Further, alayer can be a region of a homogeneous or inhomogeneous
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
layer, can include one or more layers therein, and/or can have one or more layer
thereupon, thereabove, and/or therebelow. A layer can include multiple layers. For
example, an interconnect layer can include one or more conductor and contact layers (in
which contacts, interconnect lines, and/or through holes are formed) and one or more

dielectric layers.
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[0042] As used herein, the term “nominal/nominally” refers to a desired, or target, value
of a characteristic or parameter for a component or a process operation, set during the
design phase of a product or a process, together with a range of values above and/or
below the desired value. The range of values can be due to slight variations in
manufacturing processes or tolerances. As used herein, the term “about” indicates the
value of a given quantity that can vary based on a particular technology node associated
with the subject semiconductor device. Based on the particular technology node, the term
“about” can indicate a value of a given quantity that varies within, for example, 10-30%
of the value (e.g., £10%, £20%, or £30% of the value).

[0043] 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 to reduce the process difficulty and cost of the channel hole structures in 3D
memory devices.

[0044] As used herein, the term “3D memory device” refers to a semiconductor device
with vertically oriented strings of memory cell transistors (referred to herein as “memory
strings,” such as NAND strings) on a laterally-oriented substrate so that the memory
strings extend in the vertical direction with respect to the substrate. As used herein, the
term “vertical/vertically” means nominally perpendicular to the lateral surface of
a substrate, while the term “horizontal/horizontally” means nominally parallel to the
lateral surface of a substrate.

[0045] Referring to FIGs. 23A and 23B, schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure. And FIGs. +22-1-6. 7A. 7B. 8A. 8B, 9A. 9B. 10A. 10B, 11A, 11B, 12-20

21A. 21B. 22A and 22B 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. 23A and 23B.

[0046] As shown in FIG. 23A, at S101, a first stacked layer 2 and a first insulating
connection layer 3 can be sequentially formed on the surface of a substrate 1.

[0047] As shown in FIG. 1, the first stacked layer 2 can be formed on the substrate 1.
The first stacked layer 2 can include a plurality of oxide/nitride layer pairs. The plurality
of oxide/nitride layer pairs are also referred to herein as an “alternating oxide/nitride

stack.” That is, in the first stacked layer 2, multiple oxide layers (shown in the areas with
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dotes) and multiple nitride layers (shown in the areas with meshes) alternate in a vertical
direction. In other words, except a top and a bottom layer of a given stack, each of the
other oxide layers can be sandwiched by two adjacent nitride layers, and each nitride
layer can be sandwiched by two adjacent oxide layers.

[0048] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitride layers 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.

[0049] It is noted that, in the present disclosure, the oxide layers and/or nitride layers can
include any suitable oxide materials and/or nitride 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 layers, and the nitride layers can be silicon nitride layer.

[0050] The first stacked layer 2 can include any suitable number of layers of the oxide
layers and the nitride layers. In some embodiments, a total number of layers of the oxide
layers and the nitride layers in the first stacked layer 2 is equal to or larger than 64. In
some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

[0051] The first insulating connection layer 3 can be formed on the first stacked layer 2.
In some embodiments, the first insulating connection layer 3 can be made by any suitable
insulating material and/or dielectric material, such as silicon oxide. It is noted that, the
material of the first insulating connection layer 3 can be different from the material of the
nitride layer in the first stacked layer 2.

[0052] 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 surface of the first insulating connection layer 3, and an oxide
layer on the top surface of such nitride layer.

[0053] In some embodiments, the first stacked layer 2, the first insulating connection
layer 3, and/or the first mask layer 4 can be formed by using one or more deposition
processes. It is noted that, the term “deposition process™ used in the present disclosure

can be referred to any suitable deposition process including, but not limited to, a chemical
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vapor deposition (CVD) process, a physical vapor deposition (PVD) process, an atomic
layer deposition (ALD) process, and/or any suitable combination thereof.

[0054] At S102, a first through hole 5 can be formed. As shown in FIG. 1, the first
through hole 5 can completely penetrate the first stacked layer 2 and the first insulating
connection layer 3, and can extend into the surface of the substrate 1.

[0055] In some 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
etching, or a combination thereof.

[0056] In some embodiments, when the first mask layer 4 is formed on the top surface of
the first insulating connection layer 3, the etching process also etch the first mask layer 4
to form the first through holes 3.

[0057] At S103, a first channel structure 6 can be formed on the surface of the substrate 1
that is 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 epitaxial process.

[0058] 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 is, the first channel structure 6 is overlay the
substrate 1.

[0059] At S104, a first functional layer can be formed on the sidewall of the first through
hole 5. The first functional layer can include a first tunneling layer 7, a first storage layer
8, a first barrier layer 9, and a first passivation layer 10.

[0060] As shown in FIG. 3, the first tunneling layer 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 layer 7 can be used for generating electronic charges (electrons or holes). In
some embodiments, the first tunneling layer 7 can be an oxide layer formed by using a
deposition process.

[0061] The first storage layer 8 can be formed on the surface of the first tunneling layer 7.
The first storage layer 8 can be used for storing electronic charges. The storage or
removal of charge in the first storage layer 7 can impact the on/off state and/or a

conductance of the semiconductor channel. The first storage layer 7 can include
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polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first
storage layer 8 can be a nitride layer formed by using a deposition process.

[0062] 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 layer 8. In some embodiments, the first barrier layer 9 can be a
silicon oxide layer or a combination of silicon oxide/silicon nitride/silicon oxide (ONO)
layers. In some embodiments, the first barrier layer 9 includes high dielectric constant
(high-k) dielectrics (e.g., aluminum oxide). In one example, the first barrier layer 9 is
an oxide layer formed by using a deposition process.

[0063] As shown in FIG. 4, a first passivation layer 10 can be formed on the surface of
the first barrier layer 9. The first passivation layer 10 can be used for protecting the first
barrier layer 9 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 10 can be an amorphous silicon layer formed by
using a deposition process.

[0064] The portions of the first passivation layer 10, the first barrier layer 9, the first
storage layer 8 and the first tunneling layer 7 located on the top surface of the first
channel structure 6 on the bottom of the first through hole 5 can be removed. In some
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
5.

[0065] 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 layer of the first mask
layer 4 located on the surface of the nitride layer of first mask layer 4 can also be
removed. As such, the nitride layer of first mask layer 4 is remained on the surface of the
first insulating connection layer 3.

[0066] At 8105, 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 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.

[0067] As shown in FIG. 5, a second channel layer 11 can be formed to cover the
sidewall of the first passivation layer 10, the bottom surface of the first through hole 5.
The second channel layer 11 can also cover the top surface of the first insulating

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

[0068] As shown in FIG. 6, a first filling layer 12 can be formed to cover the second
channel layer 11 and fill the first through hole 5. In some embodiments, the first filling
layer 12 can be an oxide layer formed by using a deposition process. In some
embodiments, the first filling layer 12 can include one or more airgaps.

[0069] As shown in FIGs. 7A and 7B, a portion of the first filling layer 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 layer 3. As such, the remaining portion of the
first filling layer 12 in the first through hole 5 can form the first filling structure. In some
embodiments, the portion of the first filling layer 12 can be removed by using an etching
process. It is noted that, the term “etching process™ used in the present disclosure can be
referred to any suitable etching process including, but not limit to, a wet etching, a dry
etching, or a combination thereof.

[0070] In some embodiments, as shown in FIG. 7A, the top surface of the first filling
layer 12 can be higher than the top surface of the second stacker layer 2. For example,
the top surface of the first filling layer 12 can be 20nm to 40nm higher than the top
surface of the top nitride layer 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
layer of the second stacker layer 2.

[0071] In some alternative embodiments, as shown in FIG. 7B, the top surface of the first
filling layer 12 can be lower than the top surface of the second stacker layer 2.
For example, the top surface of the first filling layer 12 can be 30nm to 40nm lower than
the top surface of the top nitride layer of the second stacker layer 2. Preferably, the top
surface of the first filling layer 12 can be about 35nm lower than the top surface of the top
nitride layer of the second stacker layer 2.

[0072] 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 channel layer 11 is lower than the first
insulating connection layer 3. The remaining portion of the second channel layer 11 can
form the second channel structure that is in contact with the first channel structure 6. In
some embodiments, the portion of the second channel layer 11 can be removed by using

an etching process.
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[0073] 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 layer 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 nitride layer in the first stacked
layer 2, as shown in FIG. 8A. 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 layer in the
first stacked layer 2, as shown in FIG. §B.

[0074] At 8106, a first groove can be formed in the first insulating connection layer 3. In
some embodiments, the projection of the first groove on the substrate 1 can completely
cover the projection of the first through hole 5 on the substrate 1.

[0075] As shown in 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 layer 4 can be
removed by using an etching process.

[0076] As shown in FIGs. 10A and 10 B, the surface of the first insulating connection
layer 3 can be planarized by using any suitable techniques, such as backside grinding,
and/or chemical mechanical polishing (CMP). A portion of the first insulating connection
layer 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 5 on the substrate
1.

[0077] 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 3, as shown in FIG. 10A.
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 insulating connection layer 3 is
about 90nm, while the depth of the first groove is about 60nm.

[0078] In some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection layer 3, as shown in FIG. 10B.
That is, a portion of the top nitride layer in the first stacked layer 2 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
insulating connection layer 3 is about 30nm, while the depth of the first groove is about

60nm.
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[0079] At S107, a third channel structure 14 can be formed in the first groove 13.
As shown in FIGs. 11A and 11B, the third channel structure 14 can be in contact with the
second channel structure. In some embodiments, the third channel structure can be
a polycrystalline silicon player formed by using a deposition process.

[0080] A thickness of the third channel structure 14 can be equal to 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 example, the thickness of the third channel structure 14 can be in a range
between 60nm and 80nm, preferably about 70nm.

[0081] Referring to FIG. 23B, at S108, a second stacked layer 15 and a second insulating
connection layer 16 can be sequentially formed on the third channel structure 14. As
shown in FIG. 12, the second stacked layer 15 can include a plurality of oxide/nitride
layer pairs, such as silicon oxide layer and silicon nitride layer pairs. Similar to the first
stacked layer 2 as described above, the multiple oxide layers (shown in the areas with
dotes) and multiple nitride layers (shown in the areas with meshes) in the second stacked
layer 15 alternate in a vertical direction. The second stacked layer 15 can include any
suitable number of layers of the oxide layers and the nitride layers. In some
embodiments, a total number of layers of the oxide layers and the nitride layers in the
second stacked layer 15 is equal to or larger than 64.

[0082] In some embodiments, the second insulating connection layer 16 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 16 can be different from
the material of the nitride layer in the second stacked layer 15.

[0083] Further, in some embodiments, a second mask layer 17 can be formed on the
surface of the second insulating connection layer 16. The second mask layer 17 can
include a nitride layer on the surface of the second insulating connection layer 16, and an
oxide layer on the surface of such nitride layer.

[0084] At S109, a second through hole 18 is 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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insulating 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 1 can at least
partially overlap with the projection of the first through hole 5 on the substrate 1.

[0085] 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 form the second through hole 18. The second stacked layer 15, the second
insulating connection layer 16, the second mask layer 17, and/or the third channel
structure 14 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 second
through hole 18.

[0086] It is 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 structure 14. As such, a fourth
channel structure formed subsequently in the second through hole 18 can directly contact
the third channel structure.

[0087] 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 is, as shown in FIG. 13, a distance “a”
between the boundary line of the top surface 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.

[0088] At S1010, a second functional layer can be formed on the sidewall of the second
through hole 18. In some embodiments, the second functional layer can include a second
tunneling layer 19, a second storage layer 20, a second barrier layer 21, and a second
passivation layer 22.

[0089] As shown in FIG. 14, the second tunneling layer 19 can be formed on the sidewall
of the second through hole 18 and the surface of the second channel structure 14. The
second tunneling layer 19 can be used for generating electronic charges. In some
embodiments, the second tunneling layer 19 can be an oxide layer formed by using
a deposition process.

[0090] The second storage layer 20 can be formed on the surface of the second tunneling
layer 19. The second storage layer 20 can be used for storing electronic charges. In some
embodiments, the second storage layer 20 can be a nitride layer formed by using

a deposition process.

Atty. Dkt. No. 4123.0110002

Micron Ex. 1002, p. 246

Micron v. YMTC
IPR2025-00294



-20 -

[0091] The second barrier layer 21 can be formed on the surface of the second storage
layer 20. The second barrier layer 21 can be used for blocking the outflow of the
electronic charges in the second storage layer 20. In some embodiments, the second
barrier layer 21 can be an oxide layer formed by using a deposition process.

[0092] 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 layer 22 can be used for protecting
the second barrier layer 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.

[0093] As shown in FIG. 15, the portions of the second passivation layer 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
embodiments, the removal process can include an etching process and a cleaning process.
In some embodiments, the portions of the second passivation layer 22, the second barrier
layer 21, the second storage layer 20, the second tunneling layer 19, the oxide layer of the
second mask layer 17 that are located on the nitride layer of the second mask layer 17 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 18.

[0094] At S1012, a fourth channel structure and a second filling structure 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 structure can be higher than the top surface of the second filling structure.

[0095] As shown in FIG. 16, a fourth channel layer 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 channel layer 23 can also cover the surface of
the second insulating connection layer 16, or the surface of the nitride layer of the second
mask layer 17. In some embodiments, the fourth channel layer 23 can be an amorphous
silicon layer formed by using a deposition process.

[0096] As shown in FIG. 17, a second filling layer 29 can be formed to cover the fourth
channel layer 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.

[0097] As shown in FIG. 18, a portion of the second filling layer 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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insulating connection layer 16. In some embodiments, the removal process can include
an etching process. The remaining portion of the second filling layer 29 in the second
through hole 18 can form the second filling structure.

[0098] As shown in FIG. 19, the portion of the fourth channel layer 23 located on the
surface of the second insulating connection layer 16 or the surface of the second mask
layer 17 can be removed. In some embodiments, the removal process can include an
etching 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 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 fourth channel structure and the second
filling structure, and in the second through hole 18.

[0099] It is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 15, or can be lower than the top surface of the
second stacked layer 15. The top surface of the fourth channel structure is not lower than
the top surface of the top oxide layer in the second stacked layer15. 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 15.

[00100] At S1013, a fifth channel structure can be formed in the second groove. The fifth
channel structure can be in contact with the fourth channel structure. As shown in FIG.
20, the fifth channel structure 30 can be formed in the second groove that is on the fourth
channel structure and the second filling structure and in the second through hole 18.
The nitride layer of the second mask layer 17 can be then removed by an etching process.

[00101] As shown in FIGs. 21A and 21B, the top surface of the second insulating
connection layer 16 and the top surface of the fifth channel structure 30 can be planarized
by any suitable techniques, such as backside grinding, and/or chemical mechanical
polishing (CMP).

[00102] Accordingly, the disclosed method as shown in FIGs. 23A and 23B 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 structure can have a large aspect ratio and a limited top-bottom 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

reduced cost.
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[00103] In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 23A and
23B. The three-dimensional memory can include the following components described
below.

[00104] A first stacked layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer silicon nitride layer pairs, is formed on a substrate. A first insulating
connection layer is 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.

[00105] 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. 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 is 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 first filling structure are lower than the top surfaces
of the first insulating connection layer.

[00106] A first groove is formed in the first insulating connection layer, and above the first
functional layer, the second channel structure and the first filling structure. A projection
of the first groove on the substrate completely covers a projection of the first through hole
on the substrate. A third channel structure in contact with the second channel structure is
formed in the first groove.

[00107] 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 layer and the third channel structure. 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 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.

[00108] 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 layer and the

bottom surface of the second through hole. A second filling structure is formed on the
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sidewall and the surface of the fourth channel structure to fill the second through hole.
In some embodiments, an airgap is 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. 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 second filling structure.

[00109] 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 layer and the bottom nitride layer of the second stacked layer can be in a range
between 80nm and 100nm, preferably about 90nm. A thickness “c” of the third channel
structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00110] In some alternative embodiments, as shown in FIG. 21B, 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 layer of the second stacked layer can be in a
range between 20nm and 40nm, preferably about 30nm. A thickness “c” of the third
channel structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00111] 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

[00112] In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 2 and the second stacked layer 15
with a conductive layer 40, as shown in 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 silicon, silicides, or any combination thereof.

[00113] In some embodiments, during the replacement process, a portion of the third
channel structure 14 that is adjacent with the bottom nitride layer of the second stacked
layer 15, or is adjacent with the top nitride layer of the first stacked layer 2 can be
converted to an oxide layer by an oxidation process. For example, an etching process can
be performed to remove all nitride layers in the first 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
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converter to the oxide layer as shown in FIGs. 22A and 22B. In some embodiments,,
athickness “c” 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.

[00114] Referring to FIGs. S0A and 50B, schematic flow diagrams of another exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some other embodiments of the present
disclosure. And FIGs. 24-29. 30A. 30B. 31A. 31B, 32A. 32B. 33A. 33B. 34A. 34B. 35-
47. 48A. 48B. 49A and 49B24-49 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. 50A and 50B.

[00115] As shown in FIG. 50A, at S201, 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 (SS) dummy holes, while the third region 300 can be used to form one
or more through array contact (TAC) barriers.

[00116] 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 in the areas with dotes) and
multiple nitride layers (shown in the areas with meshes) alternate in a vertical direction.
In other words, except a top and a bottom layer of a given stack, each of the other oxide
layers can be sandwiched by two adjacent nitride layers, and each nitride layer can be
sandwiched by two adjacent oxide layers.

[00117] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitride layers 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. In some embodiments, the oxide
layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer.

[00118] The first stacked layer 202 can include any suitable number of layers of the oxide

layers and the nitride layers. In some embodiments, a total number of layers of the oxide
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layers and the nitride layers in the first stacked layer 202 is equal to or larger than 64. In
some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

[00119] The first insulating connection layer 203 can be formed on the first stacked
layer 202. In some embodiments, the first insulating connection layer 203 can be made
by any suitable insulating material and/or dielectric material, such as silicon oxide. 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.

[00120] Further, in some embodiments, a first mask layer 204 can be formed on the
surface of the first insulating connection layer 203. The first mask layer 204 can include
anitride layer on the surface of the first insulating connection layer 203, and an oxide
layer on the surface of such nitride layer.

[00121] In some embodiments, the first stacked layer 202, the first insulating connection
layer 203, and/or the first mask layer 204 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 layer deposition (ALD)
processes, and/or any suitable combinations thereof.

[00122] At S202, 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 insulating connection layer 203, and can extend into the surface of the
substrate 201. In some embodiments, when the first mask layer 204 is formed on the
surface of the first insulating connection layer 203, the etching process also etch the first
mask layer 204 to form the first through holes 205.

[00123] In some embodiments, the first through holes 205 can be formed by etching the
first stacked layer 202 and the first insulating connection layer 203 and a subsequent
cleaning process. The etching process to form the first through holes 205 can be a wet
etching, a dry etching, or a combination thereof. It is noted that, in the direction
perpendicular 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.
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[00124] At S203, 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
in FIG. 25. In some embodiments, the first channel structure 206 can be a polycrystalline
silicon (polysilicon) layer formed by using a selective epitaxial process.

[00125] At S204, a first functional layer 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
layer 207, a first storage layer 208, a first barrier layer 209, and a first passivation layer
210.

[00126] As shown in FIG. 26, the first tunneling layer 207 can be formed on the sidewall
of the plurality of first through holes 205 and the exposed surfaces of the first channel
structures 206. The first tunneling layer 207 can be used for generating electronic
charges (electrons or holes). In some embodiments, the first tunneling layer 207 can be
an oxide layer formed by using a deposition process.

[00127] The first storage layer 208 can be formed on the surface of the first tunneling layer
207. The first storage layer 208 can be used for storing electronic charges. The storage
or removal of charge in the first storage layer 207 can impact the on/off state and/or
a conductance of the semiconductor channel. The first storage layer 207 can include
polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first
storage layer 208 can be a nitride layer formed by using a deposition process.

[00128] The first barrier layer 209 can be formed on the surface of the first storage
layer 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 layer or a combination of silicon oxide/silicon
nitride/silicon oxide (ONO) layers. In some embodiments, the first barrier layer 209
includes high dielectric constant (high-k) dielectrics (e.g., aluminum oxide). In one
example, the first barrier layer 209 is an oxide layer formed by using a deposition
process.

[00129] As shown in FIG. 27, a first passivation layer 210 can be formed on the surface of
the first barrier layer 209. The first passivation layer 210 can be used for protecting the
first barrier layer 209 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 210 can be an amorphous silicon layer formed by

using a deposition process.
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[00130] The portions of the first passivation layer 210, the first barrier layer 209, the first
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
be removed. In some embodiments, the removal process can include 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 205.

[00131] 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 layer 204 is remained on the surface
of the first insulating connection layer 203.

[00132] At 8205, 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 connection layer 203.

[00133] 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 channel layer 211 can also cover the surface of the first
insulating connection layer 203, or cover the surface of the nitride layer of the first mask
layer 204. In some embodiments, the second channel layer 211 can be an amorphous
silicon layer formed by using a deposition process.

[00134] As shown in FIG. 29, a first filling layer 212 can be formed to cover the second
channel layer 211 and fill each of the plurality of first through holes 205. In some
embodiments, the first filling layer 212 can be an oxide layer formed by using a
deposition process.

[00135] As shown in FIGs. 30A and 30B, a portion of the first filling layer 212 can be
removed, such that the top surface of the first filling layer 212 can be lower than the top
surface of the first insulating connection layer 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 first
filling structure. In some embodiments, the portion of the first filling layer 212 can be
removed by using an etching process, such as a wet etching, a dry etching, or a

combination thereof.
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[00136] In some embodiments, as shown in FIG. 30A, the top surface of the first filling
layer 212 can be higher than the top surface of the second stacker layer 202.
For example, the top surface of the first filling layer 212 can be 20nm to 40nm higher
than 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 30nm higher than the top surface
of the top nitride layer of the second stacker layer 202.

[00137] In some alternative embodiments, as shown in FIG. 30B, the top surface of the
first filling layer 212 can be lower than the top surface of the second stacker layer 202.
For example, the top surface of the first filling layer 212 can be 30nm to 40nm lower than
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 layer of the second stacker layer 202.

[00138] As shown in FIGs. 31A and 31B, a portion of the second channel layer 211 can be
removed, such that the surface of the second channel layer 211 is lower than the first
insulating connection layer 203. The remaining portion of the second channel layer 211
can form the second channel structure that is in contact with the first channel structure
206. In some embodiments, the portion of the second channel layer 211 can be removed
by using an etching process.

[00139] It is noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked layer 202 or lower than the
top surface of the first stacked layer 202. 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
202. In some embodiments, the top surface of the second channel structure can be higher
than the top nitride layer in the first stacked layer 202, as shown in FIG. 31A. 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 layer in the first stacked layer 202, as shown in
FIG. 31B.

[00140] At S206, a first groove can be formed in the first insulating connection layer 203
above each of the plurality of first through holes 205. In some embodiments,
the projection of the first groove on the substrate 201 can completely cover the projection

of the corresponding first through hole 205 on the substrate 201.
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[00141] As shown in FIGs. 32A and 32B, the nitride layer of the first mask layer 204 can
be removed. In some embodiments, the nitride layer of the first mask layer 204 can be
removed by using an etching process.

[00142] As shown in FIGs. 33A and 33 B, the surface of the first insulating connection
layer 203 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
203 can be removed to 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 projection of each of the plurality of
first through holes 205 on the substrate 201.

[00143] 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
one embodiment, the thickness of the planarized first insulating connection layer 203 is
about 90nm, while the depth of the first groove is about 60nm.

[00144] 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 is, a portion of the top nitride layer in the first stacked layer 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 insulating connection layer 203 is about 30nm, while the depth of the first groove is
about 60nm.

[00145] At 8207, a third channel structure 214 can be formed in each of the plurality of
first grooves 213. As shown in FIGs. 34A and 34B, the third channel structure 214 can
be in contact with the second channel structure in each of the plurality of first through
holes 205. Insome embodiments, the third channel structure can be a polycrystalline
silicon player formed by using a deposition process.

[00146] A thickness of each third channel 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 equal to or less than the thickness of the planarized first
insulating connection layer 203, as shown in FIG. 34A. For example, the thickness of
each third channel structure 214 can be in a range between S0nm and 70nm, preferably

about 60nm. Insome alternative embodiments, the thickness of each third channel
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structure 214 can be greater than the thickness of the planarized first insulating
connection layer 203, as shown in FIG. 34B. For example, the thickness of each third
channel structure 214 can be in a range between 60nm and 80nm, preferably about 70nm.

[00147] Referring to FIG. 50B, at S208, a second stacked layer 215 and a second
insulating connection layer 216 can be sequentially formed on the plurality of third
channel structures 214. As shown in FIG. 35, the second stacked layer 215 can include a
plurality of oxide/nitride layer pairs, such as silicon oxide layers and silicon nitride layers.
Similar to the first stacked layer 202 as described above, the multiple oxide layers (shown
in the areas with dotes) and multiple nitride layers (shown in the areas with meshes) in the
second stacked layer 215 alternate in a vertical direction. The second stacked layer 215
can include any suitable number of layers of the oxide layers and the nitride layers. In
some embodiments, a total number of layers of the oxide layers and the nitride layers in
the second stacked layer 215 is equal to or larger than 64.

[00148] In some embodiments, the second insulating connection layer 216 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 216 can be different
from the material of the nitride layer in the second stacked layer 215.

[00149] Further, in some embodiments, a second mask layer 217 can be formed on the
surface of the second insulating connection layer 216. The second mask layer 217 can
include a nitride layer on the surface of the second insulating connection layer 216, and
an oxide layer on the surface of such nitride layer.

[00150] At S209, 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
layer 215, the second insulating connection layer 216, and the second mask layer 217, and
can extend into 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 corresponding first through hole 205 on the substrate
201.

[00151] In some embodiments, the second stacked layer 215, the second insulating
connection layer 216, the second mask layer 217, and the third channel structures 214 can
be etched to form the plurality of second through holes 218 that penetrate the second

stacked layer 215 and the second insulating connection layer 216. The second stacked
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layer 215, the second insulating connection layer 216, the second mask layer 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.

[00152] It is noted that, each second through hole 218 can extend to the surface of the
corresponding third channel structure 214, or can extend into the corresponding third
channel structure 214. As such, a fourth channel structure formed subsequently in each
second through hole 218 can directly contact the corresponding third channel structure. It
is also noted that, the one or more second through holes 218 in the third region 300 can
also completely penetrate the corresponding 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.

[00153] In some embodiments, a maximum 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.

[00154] At S2010, a second functional layer can be formed on the sidewall of each second
through hole 218. In some embodiments, the second functional layer can include
asecond tunneling layer 219, a second storage layer 220, a second barrier layer 221,
and a second passivation layer 222.

[00155] As shown in FIG. 37, the second tunneling layer 219 can be formed on the
sidewall of each second through hole 218 and the surface of the corresponding third
channel structure 214. The second tunneling layer 219 can be used for generating
electronic charges. In some embodiments, the second tunneling layer 219 can be an oxide
layer formed by using a deposition process.

[00156] The second storage layer 220 can be formed on the surface of the second
tunneling layer 219. The second storage layer 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.

[00157] The second barrier layer 221 can be formed on the surface of the second storage

layer 220. The second barrier layer 221 can be used for blocking the outflow of the
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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.

[00158] As shown in FIG. 38, a second passivation layer 222 can be formed on the surface
of the second barrier layer 221. The second passivation layer 222 can be used for
protecting the second barrier layer 221 from being damaged in a subsequent removal
process. In some embodiments, the second passivation layer 222 can be an amorphous
silicon layer formed by using a deposition process.

[00159] As shown in FIG. 38, the portions of the second passivation layer 222, the second
barrier layer 221, the second storage layer 220 and the second tunneling layer 219 that are
located on the surface of each third channel structure 214 can be removed. In 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
layer 221, the second storage layer 220, the second tunneling layer 219, the oxide layer of
the second mask layer 217 that are located on the nitride layer of the second mask layer
217 can also be removed by using an etching process. As such, the second functional
layer can be formed on the sidewall of each second through hole 218.

[00160] At S2011, 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 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 structure can be higher than the top surface of the second filling structure.

[00161] As shown in FIG. 39, a fourth channel layer 223 can be formed to cover the
sidewall of the second passivation layer 222 and the bottom surface of 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 fourth channel layer 223 can also cover
the top surface of the second insulating connection layer 216, or the top surface of the
nitride layer of the second mask layer 217. In some embodiments, the fourth channel
layer 223 can be an amorphous silicon layer formed by using a deposition process.

[00162] As shown in FIG. 40, a third filling layer 224 can be formed to cover the fourth
channel layer 223. In some embodiments, the third filling layer 224 can include one or
more airgaps in each second through hole 218. In some embodiments, the third filling

layer 224 can be an oxide layer formed by using a deposition process.
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[00163] As shown in FIG. 41, a third mask layer 25 can be formed on the top surface of
the third filling layer 224 in the first region 100. Using the third mask 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 etching process.

[00164] As shown in FIG. 42, the third mask layer 225 can be removed. Using the
remaining third filling layer 224 in the first region 100 as a mask, the fourth channel
layer 223 located in the second region 200 and the third region 300 can be removed by
using an etching process.

[00165] As shown in FIG. 43, a fourth filling layer 227 can be formed on the surface of the
second functional layer located in the second region 200 and the third 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 layer 224. That is, in a same removing
process, the removal rate of the fourth filling layer 227 can be less than the removal rate
of the third filling layer 224.

[00166] 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 layer 227 can also be removed by the same
etching process.

[00167] 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 layer 229 can be the same material of the fourth filling
layer 227.

[00168] As shown in FIG. 46, a portion of the second filling layer 29 can be removed by
using an etching process, such that the top surface of the second filling layer 229 in each
second through hole 218 is lower than the top surface of the second insulating connection
layer 216. The remaining portion of the second filling layer 29 in each second through
hole 218 can form the second filling structure.

[00169] 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 layer 217 can be
removed by using an etching process. The remaining portion of the fourth channel layer
223 in each second through hole 218 can form 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 fourth channel structure
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and the second filling structure in each second through hole 218 in the first region 100,
and on the second filling structure in each second through hole 218 in the second region
200 and the third region 300.

[00170] It is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 215, or can be lower than the top surface of the
second stacked layer 215. The top surface of the fourth channel structure is not lower
than the top surface of the top oxide layer in the second stacked layer 215. 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 215.

[00171] At S2012, 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.

[00172] 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 fifth channel structure 230 can also
be formed in the second groove that is on the second filling structure in 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.

[00173] As shown in FIGs. 48A and 48B, the top surface of the second insulating
connection layer 216 and the top surface of the plurality of fifth channel structures 230
can be planarized by any suitable techniques, such as backside grinding, and/or chemical
mechanical polishing (CMP).

[00174] Accordingly, the disclosed method as shown in FIGs. 50A and 50B 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 limited top-bottom aperture
error. Further, the disclosed method of forming a joint opening structure in a 3D memory
device can simultaneously form a plurality of channel holes, staircase dummy holes, and
through array contact barriers, resulting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

[00175] 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 50B. The three-dimensional memory device can include a first region for
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forming a plurality of channel holes, a second region for forming a plurality of staircase
structure (SS) dummy holes, and a third region for forming 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.

[00176] A first stacked layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on a substrate. A first
insulating connection layer is formed on the first stacked layer. A plurality of first
through holes penetrating the first stacked layer and the first insulating connection layer
and extending into the surface of the substrate are formed in the first region, the second
region, and the third region.

[00177] A first channel structure is formed on the surface of the substrate exposed by each
first through hole. A first functional layer is 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 is 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.

[00178] A first groove is formed in the first insulating 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 substrate
completely covers a projection of the corresponding first through hole on the substrate.
Athird channel structure in contact with the second channel structure in the
corresponding first through hole is formed in each first groove.

[00179] 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 layer and the plurality of third channel structures. A second
insulating connection layer is formed on the second stack layer. A plurality of second
through holes penetrating through the second stacked layer and the second insulating
connection 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
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plurality of second through holes on the substrate at least partially overlaps the projection
of the corresponding first through hole on the substrate.

[00180] 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 layer and
the bottom surface of each second through hole in the first region. A second filling is
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.

[00181] In the first region, a fifth channel structure in 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 is
formed in a second groove in each second through hole that is surrounded by the second
functional layer, and above the second filling structure.

[00182] 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 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, in the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and a
plurality of through array contact (TAC) barriers can be formed in the third region. The
plurality of staircase structure dummy holes in the second region can have a supporting
function of the staircase structure.

[00183] In some embodiments, as shown in FIG. 48A, 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 layer of the first stacked layer and the bottom nitride layer of the
second stacked layer can be in a range between 80nm and 100nm, preferably about 90nm.
A thickness “c” of the third channel structure can be in a range between 50nm and 70nm,
preferably about 60nm.

[00184] In some alternative embodiments, as shown in FIG. 47B, in each channel hole in

the first region, a thickness “b” of the first insulating connection layer, which is the
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distance between the top nitride layer of the first stacked layer and the bottom nitride
layer of the second stacked layer can be in a range between 20nm and 40nm, preferably
about 30nm. A thickness “c” of the third channel structure can be in a range between
50nm and 70nm, preferably about 60nm.

[00185] 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

[00186] 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
layer 215 with a conductive layer 240, as shown in FIGs. 49A and 49B. The conductive
layer can include any suitable material that is electronically conductive, including, but not
limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof.

[00187] 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 is, the first stacked layer and the second
stacked layer in the first region and the second region can be alternating
conductive/dielectric stack, while the first stacked layer and the second stacked layer in
the third region can be alternating oxide/nitride stack.

[00188] In some embodiments, during the replacement process, a portion of the third
channel structure 214 that is adjacent with the bottom nitride layer of the second stacked
layer 215, or is adjacent with the top nitride layer of the first stacked layer 202 can be
converted to an oxide layer by an oxidation process. That is, as shown in FIGs. 49A and
49B, athickness “c” 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
arange between 30nm and 50nm, preferably about 40nm.

[00189] Referring to FIGs. 74A and 74B, schematic flow diagrams of another exemplary
method for forming a joint opening structure of three-dimensional (3D) memory device
are illustrated in accordance with some embodiments of the present disclosure.
And FIGs. 51-55, 56A, 56B. 57A., 57B. 58A. 58B. 59A, 59B, 60-71, 72A, 72B. 73A and

73B54+-73 illustrate schematic structural cross-sectional diagrams of an exemplary joint
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opening structure of three-dimensional (3D) memory device at certain stages of the
fabricating process shown in FIGs. 74A and 74B.

[00190] At S301, a substrate 301 can be provided, a first stacked layer 302 and a first
insulating connection layer 303 can be formed on the surface of the substrate 301. As
shown in FIG. 51, the first stacked layer 302 can include a plurality of oxide/nitride layer
pairs, such as silicon oxide layer and silicon nitride layer pairs. The multiple oxide layers
(shown in the areas with dotes) and multiple nitride layers (shown in the areas with
meshes) in the first stacked layer 302 alternate in a vertical direction. The first stacked
layer 302 can include any suitable number of layers of the oxide layers and the nitride
layers. In some embodiments, a total number of layers of the oxide layers and the nitride
layers in the first stacked layer 302 is equal to or larger than 64.

[00191] In some embodiments, the first insulating connection layer 303 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the first insulating connection layer 303 can be different from
the material of the nitride layer in the first stacked layer 302.

[00192] Further, in some embodiments, a first mask layer 304 can be formed on the
surface of the first insulating connection layer 303. The first mask layer 304 can include
anitride layer on the surface of the first insulating connection layer 303, and an oxide
layer on the surface of such nitride layer.

[00193] At S302, 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
insulating connection layer 303, and can extend into the surface of the substrate 301.

[00194] In some embodiments, the first through hole 305 can be formed by etching the
first stacked layer 302 and the first insulating connection layer 303 and a subsequent
cleaning process. The etching process to form the first through hole 305 can be a wet
etching, a dry etching, or a combination thereof.

[00195] In some embodiments, when the first mask layer 304 is formed on the surface of
the first insulating connection layer 303, the etching process also etch the first mask layer
304 to form the first through holes 305.

[00196] At S303, a first channel structure 306 can be formed on the surface of the
substrate 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 polycrystalline silicon layer formed

by using a selective epitaxial process.
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[00197] At S304, a first functional layer can be formed on the sidewall of the first through
hole 305. The first functional layer can include a first tunneling layer 307, a first storage
layer 308, a first barrier layer 309, and a first passivation layer 310.

[00198] As shown in FIG. 53, the first tunneling layer 307 can be formed on the sidewall
of the first through hole 305 and the surface of the first channel structure 306. The first
tunneling layer can be used for generating electronic charges. In some embodiments, the
first tunneling layer 307 can be an oxide layer formed by using a deposition process.

[00199] The first storage layer 308 can be formed on the surface of the first tunneling layer
307. The first storage layer 308 can be used for storing electronic charges. In some
embodiments, the first storage layer 308 can be a nitride layer formed by using a
deposition process.

[00200] The first barrier layer 309 can be formed on the surface of the first storage
layer 308. The first barrier layer 309 can be used for blocking the outflow of the
electronic charges stored in the first storage layer 308. In some embodiments, the first
barrier layer 309 can be an oxide layer formed by using a deposition process.

[00201] As shown in FIG. 54, a first passivation layer 310 can be formed on the surface of
the first barrier layer 309. The first passivation layer 310 can be used for protecting the
first barrier layer 309 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 310 can be an amorphous silicon layer formed by
using a deposition process.

[00202] The portions of the first passivation layer 310, the first barrier layer 309, the first
storage layer 308 and the first tunneling layer 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 layer can be formed on the sidewall of the first
through hole 305.

[00203] In some embodiment, in the same removal process, the first barrier layer 309,
the first storage layer 308, the first tunneling layer 307, and the oxide layer of the first
mask layer 304 located on the surface of the nitride layer of first mask layer 304 can also
be removed. As such, the nitride layer of first mask layer 304 is remained on the surface
of the first insulating connection layer 303.

[00204] At S305, a second channel structure can be formed on the sidewall of the first

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

[00205] As shown in FIG. 55, a second channel layer 311 can be formed to cover the
sidewall of the first passivation layer 310, the bottom of the first through hole 305.
The second channel layer 311 can also cover the surface of the first insulating connection
layer 303, or cover the surface of the nitride layer of the first mask layer 304. In some
embodiments, the second channel layer 311 can be an amorphous silicon layer formed by
using a deposition process.

[00206] As shown in FIGs. 56A and 56B, a portion of the second channel layer 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 structure that is in contact with the first channel structure
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
layer 311 can be removed by using an etching process.

[00207] It is noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked layer 302 or lower than the
top surface of the first stacked layer 302. 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
302. In some embodiments, the top surface of the second channel structure can be higher
than the top nitride layer in the first stacked layer 302, as shown in FIG. 56A. 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 layer in the first stacked layer 302, as shown in
FIG. 56B.

[00208] At S306, 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 projection of the first through hole 305 on the substrate 301.

[00209] As shown in FIGs. 57A and 57B, the nitride layer of the first mask layer 304 can
be removed by using an etching process. As shown in FIGs. 58A and 58B, the surface of
the first insulating connection layer 303 can be planarized. A portion of the first
insulating connection layer 303 can be removed to form the first groove 312 that

penetrates the first insulating connection layer 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.

[00210] 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 303, as shown in FIG. 58A.
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 insulating connection layer 303 is
about 90nm, while the depth of the first groove is about 60nm.

[00211] In some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection layer 303, as shown in
FIG. 58B. That is, a portion of the top nitride layer in the first 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 50nm and 70nm. In one embodiment, the thickness of the planarized
first insulating connection layer 303 is about 30nm, while the depth of the first groove is
about 60nm.

[00212] At S307, a third channel structure 313 can be formed in the first groove 312.
As shown in FIGs. 59A 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 polycrystalline silicon player formed by using a deposition process.

[00213] A thickness of the third channel structure 313 can be equal to 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 planarized first insulating
connection layer 303, as shown in FIG. 59A. For example, the thickness of the third
channel structure 313 can be in a range between 50nm and 70nm, preferably about 60nm.
In some alternative embodiments, the thickness of the third channel structure 313 can be
greater than the thickness of the planarized first insulating connection layer 303, as shown
in FIG. 59B. For example, the thickness of the third channel structure 313 can be in a
range between 60nm and 80nm, preferably about 70nm.

[00214] At S308, a second stacked layer 314 and a second insulating connection layer 315
can be sequentially formed on the third channel structure 313. As shown in FIG. 60, the
second stacked layer 315 can include a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs. Similar to the first stacked layer 302 as
described above, the multiple oxide layers (shown in the areas with dotes) and multiple

nitride layers (shown in the areas with meshes) in the second stacked layer 314 alternate
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in a vertical direction. The second stacked layer 314 can include any suitable number of
layers of the oxide layers and the nitride layers. In some embodiments, a total number of
layers of the oxide layers and the nitride layers in the second stacked layer 314 is equal to
or larger than 64.

[00215] In some embodiments, the second insulating connection layer 315 can be made by
any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 315 can be different
from the material of the nitride layer in the second stacked layer 314.

[00216] Further, in some embodiments, a second mask layer 316 can be formed on the
surface of the second insulating connection layer 315. The second mask layer 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.

[00217] At S309, a second through hole 317 can be formed. As shown in 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 305 on the
substrate 301.

[00218] In some embodiments, the second stacked layer 314, the second insulating
connection layer 315, the second mask layer 316, and a portion of the third channel
structure 314 can be etched to form the second through hole 317. The second stacked
layer 314, the second insulating connection layer 315, the second mask layer 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 cleaning process can then be performed to
clean the second through hole 317.

[00219] In some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 317 and the radius of the bottom aperture of the
second through hole 317 can be 15nm. That is, as shown in FIG. 61, a distance “a”
between the boundary line of the top surface of the second through hole 317 and the
boundary of the bottom surface of the second through hole 317 can be no more than 15
nm.

[00220] At S3010, a second functional layer can be formed on the sidewall of the second

through hole 317. In some embodiments, the second functional layer can include
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a second tunneling layer 318, a second storage layer 319, a second barrier layer 320, and
a second passivation layer 321.

[00221] As shown in 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 layer 318 can be an oxide layer formed by using
a deposition process.

[00222] The second storage layer 319 can be formed on the surface of the second
tunneling layer 318. The second storage layer 319 can be used for storing electronic
charges. In some embodiments, the second storage layer 319 can be a nitride layer
formed by using a deposition process.

[00223] The second barrier layer 320 can be formed on the surface of the second storage
layer 319. The second barrier layer 320 can be used for blocking the outflow of the
electronic charges in the second storage layer 319. In some embodiments, the second
barrier layer 320 can be an oxide layer formed by using a deposition process.

[00224] As shown in FIG. 63, a second passivation layer 321 can be formed on the surface
of the second barrier layer 320. The second passivation layer 321 can be used for
protecting the second barrier layer 320 from being damaged in a subsequent removal
process. In some embodiments, the second passivation layer 322 can be an amorphous
silicon layer formed by using a deposition process.

[00225] As shown in FIG. 63, the portions of the second passivation layer 321, the second
barrier layer 320, the second storage layer 319, the second tunneling layer 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.

[00226] In some embodiments, the portions of the second passivation layer 321, the
second barrier layer 320, the second storage layer 319, the second tunneling layer 318,
and the oxide layer of the second mask layer 316 that are located on the nitride 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 305 can be interconnected
with each other, as shown in FIG. 63.
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[00227] In some embodiments, the portions of the second barrier layer 320, the second
storage layer 319, and the second tunneling layer 318 that are located under the second
passivation layer 321, as shown in the dashed circle in FIG. 64, can also be removed by
using an etching process.

[00228] At S3011, the second tunneling structure, the third tunneling structure, the second
passivation layer 321, and the first passivation layer 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 first through hole and the second through hole, as shown in FIG. 65.

[00229] At S3012, 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 channel structure can be higher than the
surface of the first filling structure. In some embodiments, the fourth channel structure
includes a joint channel structure that is sandwiched between the first stacked layer 302
and the second stacked layer 314, and covers the exposed surface of the first insulating
connection layer 303.

[00230] As shown in FIG. 66, a fourth channel layer 328 can be formed to cover the
sidewall and bottom of the third through hole 322 and the exposed surface of the third
insulating connection layer 303. In some embodiments, the fourth channel layer 323 can
also cover the surface of the second insulating connection layer 315, or the surface of the
nitride layer of the second mask layer 316. In some embodiments, the fourth channel
layer 328 can be an amorphous silicon layer formed by using a deposition process.

[00231] As shown in FIG. 67, a first filling layer 334 can be formed to cover the fourth
channel layer 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.

[00232] As shown in FIG. 68, a portion of the first filling layer 334 can be removed, such
that the surface of the first filling layer 334 is lower than the top surface of the second
insulating connection layer 315. In some embodiments, the removal process can include
an etching process. The remaining portion of the second filling layer 334 in the third
through hole 322 can form the second filling structure.

[00233] As shown in FIG. 69, the portion of the fourth channel layer 328 located on the

top surface of the second insulating connection layer 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 etching process. The remaining portion of the fourth channel layer 328 in the third
through hole 322 can form 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 fourth channel structure and the second
filling structure, and in the third through hole 322.

[00234] It is 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 structure is not lower
than the top surface of the top oxide layer 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.

[00235] At S3013, a fifth channel structure can be formed in the second groove. The fifth
channel structure can be in contact with the fourth channel structure. 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.

[00236] As shown in FIG. 71, thenitride 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.

[00237] Accordingly, the disclosed method as shown in FIGs. 74A and 74B can form
ajoint 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 structure can have alarge aspect ratio and a limited top-bottom 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
reduced cost.

[00238] In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 74A and
74B. The three-dimensional memory can include the following components described
below.

[00239] A first stacked layer including a plurality of oxide/nitride layer pairs, such as

silicon oxide layer silicon nitride layer pairs, is formed on a substrate. A first insulating
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connection layer is 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. 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.

[00240] 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 layer. 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 insulating connection layer, and is interconnected with the first through
hole. A second functional layer is formed on the sidewall of the second through hole.

[00241] 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 is 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 airgap is enclosed in the first filling structure.
The top surface of the fourth channel structure is higher than the top surface of the first
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 functional layer, and above
the fourth channel structure and the first filling structure.

[00242] In some embodiments, as shown in FIG. 72A, 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 layer of the second stacked layer can be in a range
between 80nm and 100nm, preferably about 90nm. A thickness “c” of the third channel
structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00243] In some alternative embodiments, as shown in FIG. 72B, 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 layer of the second stacked layer can be in a
range between 20nm and 40nm, preferably about 30nm. A thickness “c” of the third
channel structure can be in a range between 50nm and 70nm, preferably about 60nm.

[00244] Further, the error the radius of the aperture of different positions of the third
through hole can be within 15nm. That is, 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.

[00245] In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 302 and the second stacked
layer 314 with a conductive layer 440, as shown in FIGs. 73A and 73B. The conductive
layer can include any suitable material that is electronically conductive, including, but not
limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof.

[00246] 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
layer 314, or is 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
73B, athickness “c” 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
arange between 30nm and 50nm, preferably about 40nm.

[00247] Referring to FIGs. 103A and 103B, schematic flow diagrams of another
exemplary fabricating process for forming a joint opening structure of three-dimensional
(3D) memory device are illustrated in accordance with some other embodiments of the
present disclosure. And FIGs. 75-79. 80A. 80B. 81A. 81B. 82A. 82B. 83A. 83B. 84-100
101A. 101B. 102A and 102B#5462 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. 103A and 103B.

[00248] 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 substrate 401. 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. 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 (SS) dummy holes, while the third region 300 can be used to form one
or more through array contact (TAC) barriers.

[00249] As shown in FIG. 75, the first stacked layer 402 can be formed on the substrate
401. The first stacked layer 402 can include a plurality of oxide/nitride layer pairs. That
is, in the first stacked layer 402, multiple oxide layers (shown in the areas with dotes) and
multiple nitride layers (shown in the areas with meshes) alternate in a vertical direction.

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

[00250] Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150nm. Similarly, nitride layers 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. In some embodiments, the oxide
layers can be silicon oxide layers, and the nitride layers can be silicon nitride layer.

[00251] The first stacked layer 402 can include any suitable number of layers of the oxide
layers and the nitride layers. In some embodiments, a total number of layers of the oxide
layers and the nitride layers in the first stacked layer 402 is equal to or larger than 64. In
some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pair.

[00252] The first insulating connection layer 403 can be formed on the first stacked
layer 402. In some embodiments, the first insulating connection layer 403 can be made
by any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the first insulating connection layer 403 can be different from
the material of the nitride layer in the first stacked layer 402.

[00253] Further, in some embodiments, a first mask layer 404 can be formed on the
surface of the first insulating connection layer 403. The first mask layer 404 can include
anitride layer on the surface of the first insulating connection layer 403, and an oxide
layer on the surface of such nitride layer.

[00254] In some embodiments, the first stacked layer 402, the first insulating connection
layer 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 layer deposition (ALD)
processes, and/or any suitable combinations thereof.

[00255] At S402, 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 first 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.

[00256] In some embodiments, the first through holes 405 can be formed by etching the
first stacked layer 402 and the first insulating connection layer 403 and a subsequent
cleaning process. The etching process to form the first through holes 405 can be a wet
etching, a dry etching, or a combination thereof. It is noted that, in 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 405 in the first region 100.

[00257] 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
in FIG. 76. In some embodiments, the first channel structure 406 can be a polycrystalline
silicon (polysilicon) layer formed by using a selective epitaxial process.

[00258] At S404, a first functional layer 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
layer 407, a first storage layer 408, a first barrier layer 409, and a first passivation layer
410.

[00259] As shown in FIG. 77, the first tunneling 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 layer 407 can be
an oxide layer formed by using a deposition process.

[00260] The first storage layer 408 can be formed on the surface of the first tunneling layer
407. The first storage layer 408 can be used for storing electronic 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
polycrystalline silicon (polysilicon) or silicon nitride. In some embodiments, the first
storage layer 408 can be a nitride layer formed by using a deposition process.

[00261] The first barrier layer 409 can be formed on the surface of the first storage
layer 408. The first barrier layer 409 can be used for blocking the outflow of the
electronic charges stored in the first storage layer 408. In some embodiments, the first
barrier layer 409 can be a silicon oxide layer or a combination of silicon oxide/silicon

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

[00262] As shown in FIG. 78, a first passivation layer 410 can be formed on the surface of
the first barrier layer 409. The first passivation layer 410 can be used for protecting the
first barrier layer 409 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 410 can be an amorphous silicon layer formed by
using a deposition process.

[00263] The portions of the first passivation layer 410, the first barrier layer 409, the first
storage layer 408 and the first tunneling layer 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 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 405.

[00264] In some embodiment, in the same removal process, the first barrier layer 409,
the first storage layer 408, the first tunneling layer 407, and the oxide layer of the first
mask layer 404 located on the surface of the nitride layer of first mask layer 404 can also
be removed. As such, the nitride layer of first mask layer 404 is remained on the surface
of the first insulating connection layer 403.

[00265] At S405, a second channel structure can be formed on the sidewall of the first
functional layer 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 surface 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.

[00266] As shown in FIG. 79, a second channel layer 411 can be formed to cover the
sidewalls of the first passivation layer 410 and the bottom of each of the plurality of first
through holes 405. The second channel layer 411 can also cover the surface of the first
insulating connection layer 403, or cover the surface of the nitride layer of the first mask
layer 404. In some embodiments, the second channel layer 411 can be an amorphous
silicon layer formed by using a deposition process.

[00267] As shown in FIGs. 80A and 80B, a portion of the second channel layer 411 can be

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

[00268] It is noted that, in various embodiments, the top surface 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 layer
402. In some embodiments, the top surface of the second channel structure can be higher
than the top nitride layer in the first stacked layer 402, as shown in FIG. 80A. 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 layer in the first stacked layer 402, as shown in
FIG. 80B.

[00269] At S406, a first groove can be formed above the first insulating connection
layer 403 above each of the plurality of first through holes 405. 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.

[00270] As shown in FIGs. 81A and 81B, the nitride layer of the first mask layer 404 can
be removed. In some embodiments, the nitride layer of the first mask layer 404 can be
removed by using an etching process.

[00271] As shown in FIGs. 82A and 82B, the surface of the first insulating connection
layer 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 penetrate the first insulating
connection layer 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.

[00272] 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 layer 403, as shown in
FIG. 82A. For example, the depth of the first groove 412 can be in a range between
50nm and 70nm. In one embodiment, the thickness of the planarized first insulating

connection layer 403 is about 90nm, while the depth of the first groove is about 60nm.
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[00273] 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
in FIG. 82B. That is, a portion of the top nitride layer in the first stacked layer 402 can
also be removed to form the first groove. For example, the depth of the first groove 412
can be in a range between 50nm 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 is about 60nm.

[00274] At S407, a third channel structure 413 can be formed in each of the plurality of
first grooves 412. As shown in FIGs. 83A and 83B, the third channel structure 413 can
be in contact with the second channel structure in each of the plurality of first through
holes 405. In some embodiments, the third channel structure 413 can be a polycrystalline
silicon player formed by using a deposition process.

[00275] 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
insulating connection layer 403, as shown in FIG. 83A. For example, the thickness of
each third channel structure 413 can be in a range between 50nm 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 insulating
connection layer 403, as shown in FIG. 83B. For example, the thickness of each third
channel structure 413 can be in a range between 60nm and 80nm, preferably about 70nm.

[00276] Referring to FIG. 103B, at S408, a second stacked layer 414 and a second
insulating connection layer 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 layers and silicon nitride layers.
Similar to the first stacked layer 402 as described above, the multiple oxide layers (shown
in the areas with dotes) and multiple nitride layers (shown in the areas with meshes) in the
second stacked layer 414 alternate in a vertical direction. The second stacked layer 414
can include any suitable number of layers of the oxide layers and the nitride layers. In
some embodiments, a total number of layers of the oxide layers and the nitride layers in
the second stacked layer 414 is equal to or larger than 64.

[00277] In some embodiments, the second insulating connection layer 415 can be made by

any suitable insulating material and/or dielectric material, such as silicon 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 layer in the second stacked layer 414.

[00278] Further, in some embodiments, a second mask layer 416 can be formed on the
surface of the second insulating connection layer 415. The second mask layer 416 can
include a nitride layer on the surface of the second insulating connection layer 415,
and an oxide layer on the surface of such nitride layer.

[00279] At S409, 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 penetrate the second stacked
layer 414, the second insulating connection layer 415, and the second mask layer 416, and
can extend into the surface of the corresponding third channel structure 413. The
projection of each second through hole 417 on the substrate 401 can at least partially
overlap with the projection of the corresponding first through hole 405 on the substrate
401.

[00280] In some embodiments, the second stacked layer 414, the second insulating
connection layer 415, the second mask layer 416, and the third channel structures 413 can
be etched to form the plurality of second through holes 417 that penetrate the second
stacked layer 414 and the second insulating connection layer 415. The second stacked
layer 414, the second insulating connection layer 415, the second mask layer 416, and/or
the third channel structure 413 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 417.

[00281] It is noted that, each second through hole 417 can extend to the surface of the
corresponding third channel structure 413, or can extend into the corresponding third
channel structure 413. As such, a fourth channel structure formed subsequently in each
second through hole 417 can directly contact the corresponding third channel structure.

[00282] In some embodiments, a maximum difference between the radius of the top
aperture of each second through hole 417 and the radius of the bottom 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 bottom surface of the second through hole 417 can be no more than 15

nm.
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[00283] At S4010, a second functional layer can be formed on the sidewall of each second
through hole 417. In some embodiments, the second functional layer can include
a second tunneling layer 418, a second storage layer 419, a second barrier layer 420, and
a second passivation layer 421.

[00284] As shown in FIG. 86, the second tunneling layer 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 layer 418 can be used for generating
electronic charges. In some embodiments, the second tunneling layer 418 can be an oxide
layer formed by using a deposition process.

[00285] The second storage layer 419 can be formed on the surface of the second
tunneling layer 418. The second storage layer 419 can be used for storing electronic
charges. In some embodiments, the second storage layer 419 can be a nitride layer
formed by using a deposition process.

[00286] The second barrier layer 420 can be formed on the surface of the second storage
layer 419. The second barrier layer 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.

[00287] As shown in FIG. 87, a second passivation layer 421 can be formed on the surface
of the second barrier layer 420. The second passivation layer 421 can be used 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 layer formed by using a deposition process.

[00288] As shown in FIG. 87, the portions of the second passivation layer 421, the second
barrier layer 420, the second storage layer 419, the second tunneling layer 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
include an etching process and a cleaning process. In some embodiments, the portions of
the second passivation layer 421, the second barrier layer 420, the second storage layer
419, the second tunneling layer 418, the oxide layer of the second mask layer 416 that are
located on the nitride layer of the second mask layer 416 can also be removed by the
same removal process. As such, the second functional layer 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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[00289] In some embodiments, the portions of the second barrier layer 420, the second
storage layer 419, and the second tunneling layer 418 that are located under the second
passivation layer 421, as shown in the dashed circle in FIG. 88, can also be removed by
using an etching process.

[00290] At S4011, the second tunneling structure, the third tunneling structure, the second
passivation layer 421, and the first passivation layer 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 plurality 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.

[00291] At S4012, 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
each 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 filling structure.

[00292] As shown in FIG. 90, a fourth channel layer 428 can be formed to cover the
sidewall and the bottom surface of each 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 fourth channel layer 428 can also cover the top surface of the nitride layer of the
second mask layer 416. In some embodiments, the fourth channel layer 428 can be
an amorphous silicon layer formed by using a deposition process. In some embodiments,
the fourth channel structure 428 includes a joint channel structure that is sandwiched
between the first stacked layer 402 and the second stacked layer 414, and covers the
exposed surface of the first insulating connection layer 403.

[00293] As shown in FIG. 91, a second filling layer 429 can be formed to cover the fourth
channel layer 428. In some embodiments, the second filling layer 429 can include one or
more airgaps in each third through hole 417. In some embodiments, the second filling
layer 429 can be an oxide layer formed by using a deposition process.

[00294] As shown in FIG. 92, a third 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 layer 430 as
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a mask, the portions of the second filling layer 429 located in the second region 200 and
the third region 300 can be removed by using an etching process.

[00295] As shown in FIG. 93, the third mask layer 430 can be removed. Using the
remaining second filling layer 429 in the first region 100 as a mask, the fourth channel
layer 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.

[00296] As shown in FIG. 94, a third filling layer 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 insulating 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
embodiments, the filling performance of the third filling layer 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 layer 432 can be less than the removal rate of the
second filling layer 429.

[00297] As shown in FIG. 95, the second filling layer 429 on the surface of the fourth
channel 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 is
noted that, a portion of the third filling layer 432 can also be removed by the same etching
process.

[00298] As shown in FIG. 96, a first filling layer 434 can be formed in each fifth through
hole 433 in the first region 100, and in each fourth through hole 431 in the second region
200 and the third region 300. The material of the first filling layer 434 can be the same
material of the third filling layer 432.

[00299] As shown in FIG. 97, a portion of the first filling layer 434 can be removed by
using an etching process, such that the top surface of the first filling layer 434 in each
fifth through hole 433 or fourth through hole 431 is lower than the top surface of the
second insulating connection layer 415. The remaining portion of the first filling layer
434 in each fourth through hole 431 or fifth through hole 433 can form the first filling

structure.
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[00300] Further, the portion of the fourth channel layer 428 located on the surface of the
second insulating connection layer 415 or the surface of the second mask layer 416 can be
removed by using an etching process. The remaining portion of the fourth channel layer
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 channel 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.

[00301] It is 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 layer 414. The top surface of the fourth channel structure is not lower
than the top surface of the top oxide layer in the second stacked layer 414. 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 414.

[00302] At S4013, 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.

[00303] As shown in FIG. 99, the fifth channel structure 435 can be formed in the second
groove that is on the fourth channel structure and the first filling structure in each fifth
through hole 433 in the first region 100. The fifth channel structure 435 can also be
formed in the second groove that is on the first filling structure in each fourth through
hole 431 in the second region 200 and the third region 300.

[00304] As shown in FIG. 100, the nitride layer of the second mask layer 416 can be then
removed by 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 plurality of fifth
channel structures 435 can be planarized by any suitable techniques, such as backside
grinding, and/or chemical mechanical polishing (CMP).

[00305] 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 structure can have alarge 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 3D memory
device can simultaneously form a plurality of channel holes, staircase dummy holes, and
through array contact barriers, resulting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

[00306] In some embodiments, the present disclosure also provides another three-
dimensional memory device formed by using the above disclosed method as shown in
FIGs. 101A and 101B. The three-dimensional memory device can include a first region
for forming aplurality of channel holes, a second region for forming a plurality of
staircase structure (SS) dummy holes, and athird region for forming 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.

[00307] A first stacked layer including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on a substrate. A first
insulating connection layer is formed on the first stacked layer. A plurality of first
through holes penetrating the first stacked layer and the first insulating connection layer
and extending into the surface of the substrate are formed in the first region, the second
region, and the third region.

[00308] A first channel structure is formed on the surface of the substrate exposed by each
first through hole. A first functional layer is 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 is 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.

[00309] A first groove is formed in the first insulating 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 substrate
completely covers a projection of the corresponding first through hole on the substrate.
A third channel structure in contact with the second channel structure in the

corresponding first through hole is formed in each first groove.
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[00310] 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 layer and the plurality of third channel structures. A second
insulating connection layer is formed on the second stack layer. A plurality of second
through holes penetrating through the second stacked layer and the second insulating
connection 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.

[00311] 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 layer and
the bottom surface of each second through hole in the first region. A second filling is
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.

[00312] In the first region, a fifth channel structure in 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 is
formed in a second groove in each second through hole that is surrounded by the second
functional layer, and above the second filling structure.

[00313] 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 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, in the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and a
plurality of through array contact (TAC) barriers can be formed in the third region. The
plurality of staircase structure dummy holes in the second region can have a supporting

function of the staircase structure.
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[00314] In some embodiments, as shown in FIG. 101A, 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 layer of the first stacked layer and the bottom nitride layer of the
second stacked layer can be in a range between 80nm and 100nm, preferably about 90nm.
A thickness “c” of the third channel structure can be in a range between 50nm and 70nm,
preferably about 60nm.

[00315] 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 layer, which is the
distance between the top nitride layer of the first stacked layer and the bottom nitride
layer of the second stacked layer can be in a range between 20nm and 40nm, preferably
about 30nm. A thickness “c” of the third channel structure can be in a range between
50nm and 70nm, preferably about 60nm.

[00316] 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

[00317] In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 402 and the second stacked
layer 414 with a conductive layer 440, as shown in FIGs. 102A and 102B. The
conductive layer can include any suitable material that is electronically conductive,
including, but not limited to, W, Co, Cu, Al, doped silicon, silicides, or any combination
thereof.

[00318] 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 is, the first stacked layer and the second
stacked layer in the first region and the second region can be alternating
conductive/dielectric stack, while the first stacked layer and the second stacked layer in
the third region can be alternating oxide/nitride stack.

[00319] In some embodiments, during the replacement process, a portion of the third
channel structure 413 that is adjacent with the bottom nitride layer 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
102B, athickness “c” 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
arange between 30nm and 50nm, preferably about 40nm.

[00320] The provision of the examples described herein (as well as clauses phrased as

" " "o

"such as, including," and the like) should not be interpreted as limiting

eg.
the claimed subject matter to the specific examples; rather, the examples are intended to
illustrate only some of many possible aspects.

[00321] 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 listed after the
word and their equivalents, without excluding other elements or objects. The words
"connect" or "link" and the like are not limited to physical or mechanical connections, but
can include electrical connections, either directly or indirectly.

[00322] Although the present disclosure has been described and illustrated in the foregoing
illustrative embodiments, it is understood that the present disclosure has been made only
by way of example, and that numerous 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
embodiments can be combined 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.
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JOINT OPENING STRUCTURES OF THREE-DIMENSIONAL MEMORY
DEVICES AND METHODS FOR FORMING THE SAME

CROSS-REFERENCES TO RELATED APPLICATIONS

(6601} This application claims priority to PCT/CN2018/077785 filed on March 1, 2018,
which claims the priorities of Chinese Patent Application No. 201710134782 1, filed on
March 8, 2017, and Chinese Palent Application No. 2017101347836, filed on March 8,

2017, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

6662} The present disclosure generally relates to the field of semiconductor technology,
and more particularly, fo joint opening structures of three-dimensional (3D) memory

devices and method for forming the same.

BACKGROUND

16063} As semiconductor technology advances, three-dimensional (313) memory devices,
such as 3D NAND memory devices, keep scaling more oxide/nitride (ON} layers.
As such, it becomes difficult to use a single etching process to form the channel 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
capability control of the formed channel holes, including bow-free, straight profile,
critical dimension (CD) uwniformity, minimal twisting, etc., tend 1o be more challenging.

Thus, a single etching method may ot be efficient in both cost and process capability.

BRIEF SUMMARY

(G004} 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.

[6005] Oune aspect of the present disclosure provides a method of forming a joint opening

structure in a three-dimensional (3D) memory device. The method includes forming a
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first stacked layer and forming a first insulating connection laver on the first stacked
tayer, forming a first through hole that penetrates the first stacked laver and the first
msulating connection layer, forming a first channel structure overlay the surface of the
substrate that is exposed by the first through hole, forming a first functional layer on the
sidewall 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 structire 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 laver and forming a second insulating
connection layer on the first insulating connection layer, forming a second through hole
that penetrates the second stacked layer and the second insulating connection layer. A
projection of the second through hole on the substrate at least partially overlaps with the
projection of the first through hole on the substrate. The method further inchudes forming
a second functional layer on the sidewall of the second through hole, forming a fourth
chammel structure and formung a second filling structure on the sidewall of the second
functional laver and the exposed surface of the third channel structure, and fornung a fifth
channel structure in contact with the fourth channel structure above the second through
hole.

[3006} in some embodiments, the first stacked layer includes a first number of
oxide/nitride laver pairs, and the second stacked layer includes a second number of
oxide/nitride layver pairs. The first number and the second number are not less than 32.

6067} Forming the first functional layver mcludes forming a first tunneling layer on the
sidewall of the first through hole and the exposed surface of the first channel structure.
The first tunneling layer is configured, in operation, to generate charges. Forming the
first functional further includes forming a first storage layver 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, forming a first passivation layer on the surface of the first barrier laver
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
fayer, and the first tunneling layer on the swrface of the first channel structure. The

remaining portions of the first passivation layer, the first barrier layer, the first storage
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faver, and the first tunneling laver on the sidewall of the first through hole form the first
functional layer.

[6008] Forming the second channel structure and the first filling siructure includes
forming a second channel laver that covers the sidewall of the first passivation laver and
the exposed surface of the first channel layer, forming the first filling layer that covers the
surface of the second channel layer, removing a portion of the first filling layer to form
the first filling structure, wherein the top surface of the first filling structure is lower than
the fop swrface of the first insulating connection layer, and removing a portion of the
second channel layer to form the second channel structure. A top surface of the second
channel structure is lower than a top surface of the first insulating connection layer.

G609} 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 first insulating connection laver and at least a portion of the
top nitride layer of the first stacked layer o 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 layer is in contact with the second chanmel
structure, and planarizing the top surfaces of the first insulating connection layer and the
third channel layer to form the third channel structure.

{8610} in some embodiments, the method further includes forming a first mask layer
overlaying the first insulating connection layer before forming the first through hole, and
removing the first mask layer after forming the third channel structure, and forming a
second mask layver on the second insulating connection layer before forming the second
through hole, and removing the first mask laver after forming the fifth channel structure

16011} Forming the fourth channel structure and the second filling structure includes
formang a fourth channel layver 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 layer, removing a portion of the second filling layer to
form the second filling structure, and removing a poriion 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 surface of the second msulating connection layer. A top surface of the
second filling structure is lower than the top surface of the second insulating connection

laver.
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(6612} Forming the fifth channel structure includes etching the second insulating
connection fayer to 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 insulating connection layer and the fifth
channel laver to form the fifth channel structure. 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
joint opening structure in a three-dimensional (3D} memory device. The method includes
forming a first stacked layer and formang 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 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 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 hole, forming a first functional layer on the
sidewall of each first through hole, forming a second channel structure and formung a first
filling structure on the sidewall of the first functional layer and the exposed surface of the
first channel strocture 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 substirate covers a projection of the corresponding first
through hole on the substrate. The method further includes forming a second stacked
faver on the first insulating connection layer, forming a second insulating connection
fayer on the second stacked layer., forming a plurality 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
substrate. The method further includes forming a second functional layer on the sidewall
of each second through hole, forming a fourth channel structure and forming a second
filling structure on the sidewall of the second functional Iayer and the exposed surface of
the third channel structure in each second through hole in the first region, and forming a
second filling structure on the sidewall of the second functional laver in each second

through hole i the second region and the third region, and forming a fifth channel
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structure above each second through hole in 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.

6014} Forming the fourth channel structure and the second filling structure includes
forming a fourth channel laver that covers the sidewall of the first passivation layer and
the exposed surface of the third chanuel layer, forming a third filling layer that covers the
surface of the fourth channel layer, forming a third mask laver that covers the third filling
laver in the first region, and using the third mask layer as a mask to remove the third
filling laver in the second region and the third region, removing the third mask layer,,
using the third filling layer in the first region as a mask to remove the fourth channel layer
in the second region and the third region, forming a fourth filling laver on the surface of
the second functional laver i the second region and the third region, removing the third
filling layer in the first region, forming a second filling laver in each second through hole
in the first region, the second region, and the third region, removing a portion of the
second filling layer to form the second filling structure in each second through hole, and
removing a porlion of the fowth channel layer to form the fourth channel structure in
each second through hole. The top surface of the second filling structure is lower than the
top surface of the second insulating connection layer, and the top surface of the fourth
channel structure is lower than the top surface of the second insulating connection layer.

[6815] Another aspect of the present disclosure provides annother method of forming a
joint opening structure in a three-dimensional (3D) memory device. The method includes
forming a first stacked laver and forming a first insulating connection layer on a substrate,
forming a first through hole that penetraies the first siacked layer and the first insulating
connection laver, forming a first channel structure overlay the surface of the substrate that
is exposed by the first through hole, forming a first finctional layer on the sidewall of the
first through hole, forming 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 formung a second stacked layer and forming a
second insulating connection laver on the third channel structure, forming a second
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
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partially overlaps with the projection of the first through hole on the substrate. The
method further includes forming a second functional layer on the sidewall of the second
through hole, removing portions of the second functional layer and the third channel
structure at the bottom 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 channel structure and the second channel structure, forming a fourth channel
structure in contact with the first channel stiucture on the sidewall of the joint through
hole and the exposed surface of the first insulating connection layer, forming a first filling
structure that covers the surface of the fourth channel structure, and forming a fifth
channel structure in contact with the fourth channel structure above the joint through hole.
LY Another aspect of the present disclosure provides another method of forming a
jont opening structure in a three~dimensional (3D) memory device. The mwethod inchades
forming a first stacked layer and forming a first insulating cormection 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 structure
dumimy holes, and a third region for forming a plurahity of through array contact barriers.
The method further includes fornung a plurality of first through holes, each penetrating
the first stacked layer and the first insulating connection layer 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 layer on the sidewall of
each first through hole, forming a second channel structure on the sidewall of the first
functional layer 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 layer and forming a second insulating 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 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
substrate. The method further includes formung a second functional layer on the sidewall
of each second through hole, removing portions of the second functional layer and the

third channel structure at the bottom of each second through hole to interconnect the
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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 channe! structure in
contact with the first channel structure on the sidewall of each joint through hole and the
exposed surfaces of the first insulating connection layer, forming a first filling structure
that covers the surface of the fourth channel structure 1n each joint through hole, and
forming a fifth channel siructure above each joint through hole i the first region, the
second region, and the third region. Each fifth channel structure i1s in contact with the
corresponding fourth channel structure in each joint through hole in the first region.

16617} Another aspect of the present disclosure provides a joint opening structure of a
three-dimensional (3D} memory device, including a first stacked layer disposed
overlaying a substrate, a first msulating connection layer disposed on the first stacked
laver, 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 substrate, a first functional layer disposed on the
sidewall of the first through hole, a second channel structure in contact with the first
chanmel structure disposed on the sidewall of the first functional layer, 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 subsirate covers a projection of the fivst
through hole on the substrate. The joint opening structure further mcludes a second
stacked layer disposed on the third channel structure, a second insulating connection layer
disposed on the second stacked layer. A second through hole penetrating the second
stacked layer and the second wnsudating connection laver. A projection of the second
through hole on the subsirate at least partially overlaps with the projection of the first
through hole on the substrate. The joint opening 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 sidewall of the second
fimetional layer, and a fifth channel structure in contact with the fourth channel structure
disposed over the second through hole.

{6018} In some embodiments, a first filling structure covers the surface of the second
charmel structure, and a second filling structure covers the surface of the fourth channel

structure. The first through hole is non-interconnected with the second through hole.
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(6619} In some other embodiments, a first filling structure covers the surfaces of the
second channel structure and the fourth channel structure. The first through hole s
mterconnected with the second through hole.

6026} In some embodiments, the first stacked laver includes a first number of
conductor/dielectric layer pairs, and the second stacked layer includes a second number of
conductor/dielectric layer pairs.

6621} in some other embodiments, the first stacked laver includes a first number of
oxide/nitride faver pairs, and the second stacked layer includes a second number of
oxide/nitride layer pairs. The first number and the second number are not less than 32.

{6622 A thickness of the third channel structure is in a range between 30nm and 70nm.
A size difference between a top aperture and a botiom aperture of the first through hole is
equal to or less than 30nm. A size difference between a top aperture and a botiom
aperture of the second through hole is equal to or less than 30nm.

6623} Another aspect of the present disclosure provides a three-dimensional (3D)
memory device, including a first stacked layer disposed on a substrate, a first insulating
connection laver disposed on the first stacked laver, a second stacked laver disposed on
the first insulating connection laver, a second insulating connection layer disposed on the
second stacked layer, a plurality of channel holes in 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
30 memory device. Each of the plurality of charnnel holes includes the disclosed joint
opening structure.

[6024] (Other aspects of the present disclosure can be understood by those skilled in the

art in light of the description, the clairs, and the drawings of the present disclosure,

BRIEF DESCRIPTION OF THE DRAWINGS

6625} Various objectives, features, and advantages of the present disclosure can be more
fully appreciated with reference to the detaled description of the present disclosure when
considered 1n contact with the following drawings, in which hike reference numerals
identify hike elements. It is noted that the following drawings are merely examples for
iiustrative purposes according to various disclosed embodiments and are not intendad to

Hmit the scope of the present disclosure.
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(6626} FIGs. 1-6, 7A, 7B, 8A, 8B, A, 9B, 10A, 10B, 11A, 11B, 12-20, 21A, 21B, 22A
and 228 illustrate schematic structural cross-sectional diagrams of an exemplary jont
opening siructure of three-dimensional (3D) memory device at certain stages of
a fabricating process in accordance with some embodiments of the present disclosure;

66271 FIGs. 23A and 23B illustrate schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memoiy device are illustrated in accordance with some embodiments of the present
disclosure;

6028} FIGs. 24-29, 304, 30B, 31A, 31B, 324, 32B, 334, 33B, 34A, 34B, 35-47, 48A,
488, 49A and 498 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;

16029} FIGs. 50A and 50B iHustrate schematic flow diagrams of another exemplary
fabricating process for forming a jomnt opening structure of three-dimensional (3D)
memory device are illustrated i accordance with some embodimenis of the present
disclosure;

[3030] Fi(s. 51-35, 56A, 56B, 57A, 57B, 58A, 588, 39A, 59B, 60-71, 72A, 72B, 73A
and 73B 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;

06031} FIGs. 74A and 74B dlustrate schematic flow diagrams of another exemplary
fabricating process for forming a joini opening structure of three-dimensional (3D)
memory device are illustrated in accordance with some embodiments of the present
disclosure;

10032 FIGs. 75-79, 80A, 80B. 81A. 81B, 82ZA, 87B, 83A, 83B, 84-100, 101A, 101B,
102A and 1028 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 m accordance with some embodiments of the present
disclosure;

{0033} FIGs. 103A and 103B illustrate schematic flow diagrams of another exemplary

fabricating process for forming a joint opening structure of three-dimensional (3D)
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memory device are illustrated in accordance with some embodiments of the present
disclosure.
6034} Embodiments of the present disclosure will be described with reference to the

accompanying drawings.

DETAILED DESCRIPTION

[6035] Reference now be made in deta]l to exermplary embodiments of the mvention,
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
foliowing 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
embodiments that are not conflicted with each other can be combined and rearranged in
various ways. Without departing from the spirit and scope of the present disclosure,
modifications, equivalents, or improvements {o 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 1o “one embodiment,”
“an embodiment,” “an example embodiment,” “some embodiments,” etc., ndicate that
the embodiment described may include a particular feature, structure, or charactenstic,
but everv embodiment may not necessarily include the particular feature, structure, or
characteristic. Moreover, such phrases do not necessarily refer to the same embodiment.
Further, when a particular feature, structure or characteristic is described in contact with
an embodiment, it 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.

[G037] In general, terminology may be understood at least in part from usage in context.
For example, the term “one or more” as used herein, depending ai least in part upon
context, may be used to describe any feature, siructure, or characieristic in a singular
sense or may be used to describe combinations of features, structures or characteristics in
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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{6638} 1t should be readily understood that the meaning of “on,” “above,” and “over” in
the present disclosure should be interpreted in the broadest manner such that “on” not
only means “directly on” something but also includes the meaning of “on™ something
with an intermediate feature or a laver therebetween, and that “above” or “over” not only
means the meaning of “above” or “over” something but can also include the meamng 1t1s

>

“above” or “over” something with no intermediate feature or layer therebetween (ie.,
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 in the figures.
The spatially relative terms are intended to encompass different orientations of the device
in use or operation in addition to the orientation depicied in the figures. The apparatus
may be otherwise onenied (rotated 90 degrees or at other orientations) 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 include a wide array of semiconductor materials, such as silicon, germanium, galliom
arsenide, indium phosphide, etc.  Alternatively, the substrate can be made from
an electrically non-conductive material, such as a glass, a plastic, or a sapphire wafer.

[0041] As used herein, the term “layer” refers to a material portion including a region
with a thickness. A layer can extend over the entirety of an underlying or overlying
structure, or may have an extent less than the extent of an underlving or overlving
structure.  Further, alaver can be a region of a homogeneous or inhomogeneous
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 ai, a top surface and a bottom surface of the continuous structure. A layer
can extend horizontallv, vertically, and/or along atapered surface. A subsirate can be a
layer, can include one or more layers thersin, and/or can have one or more layer
thereupon, thereabove, and/or therebelow. A laver can include multiple layers. For
exarople, an interconnect layer can include one or more conductor and contact layers (in
which contacis, 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 charactenistic or parameter for a component or a process operation, set during the
design phase of a product or a process, together with a range of values above and/or
below the desired value. The range of values can be due to shight vanations in
manuflacturing processes or tolerances. As used herein, the term “about” indicates the
value of a given quantity that can vary based on a particular technology node associated
with the subject semiconductor device. Based on the particular technology node, the term
“about” can indicate a value of a given guantity that varies within, for example, 10-30%
of the value {e.g., £10%, £20%, or £30% of the value).

16643} In accordance with some embodimenis of the present disclosure, joint opening
structures of three-dimensional (3D) memory devices and method for forming the same
are provided to reduce the process difficulty and cost of the channel hole structures in 3D
memory devices.

[0044] As used herein, the term “3D memory device” refers to a semiconductor device
with vertically oriented strings of memory cell transistors {referred to herein as “memory
strings,” such as NAND strings) on a laterally-oriented substrate so that the memory
strings extend in the vertical direction with respect to the substrate.  As used herein, the
term “vertical/vertically” means nominally perpendicular to the lateral surface of
a substrate, while the term “horizontal/horizontally” means nominally paralie] to the
lateral surface of a substrate.

[0045] Referring to FIGs. 23A and 23B, schematic flow diagrams of an exemplary
fabricating process for forming a joint opening structure of three-dimensional (3D}
memory device are illustrated i accordance with some embodimenis of the present
disclosure. And FIGs. 1-6, 7TA. 7B, 8A. 8B. 9A, 9B, 10A, 108, 11A. 11B, 12-20, 21A.
21B, 22A and 22B illustrate schematic structiral 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.

10046} As shown in FIG. 23A, at 8101, a first stacked layer 2 and a first insulating
connection layer 3 can be sequentially formed on the surface of a substraie 1.

{6047} 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/nitnde layer pairs. The plurality
of oxide/nitride layer pairs are also referred to herein as an “alternating oxide/nitride

stack.” That 1s, in the first stacked layer 2, multiple oxide layers (shown in the areas with
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dotes) and muliiple nitride layers (shown in the areas with meshes) alternate in a vertical
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 nitride layvers, and each nitride
layer can be sandwiched by two adjacent oxide layers.

6048} Oxide layers can gach have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90om to 160nm,
preferably abouwt 150nm.  Similarly, nitride 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 T 10nm, preferably about 100nm.

16049} 1t 1s noted that, in the present disclosure, the oxide layers and/or nitride layers can
include any suitable oxide materials and/or nitride materials. For example, the element of
ihe oxide materials and/or nitride materials can include, but not imited to, W, Co, Cu, Al
doped silicon, silicides, or any combination thereol In some embodiments, the oxide
fayers can be silicon oxide lavers, and the nitride layers can be silicon nitride layer.

{6050} The first stacked layer 2 can include any suitable number of lavers of the oxide
tayers and the nitride lavers. In some embodiments, a total number of layers of the oxide
fayers and the nitride layers in the first stacked layer 2 is equal to or larger than 64. In
some embodiments, altemating conductor/dielectric stack includes more oxide layers or
more nitride fayers with different materials and/or thicknesses than the oxide/mitride layer
pair.

6051} The first insulating connection layer 3 can be formed on the first stacked layer 2.
in some embodiments, the first insulating connection iayer 3 can be made by any suitable
msulating material and/or dieleciric material, such as silicon oxide. It is noted that, the
material of the first insulating connection layer 3 can be different from the maternial of the
nitride laver in the first stacked layer 2.

[6652] Further, in some emwbodiments, a first mask layer 4 can be formed on the top
surface of the first insulating connection layer 3. The first mask laver 4 can include a
nitride layer on the top surface of the first insulating connection layer 3, and an oxide
laver on the top surface of such nitride layer.

6653} In some embodiments, the first stacked layer 2, the first insulating connection
layer 3, and/or the first mask layer 4 can be formed by using one or more deposition
processes. 1t is noted that, the term “deposition process” used in the present disclosure
can be referred to any suitable deposition process including, but not timited to, a chemical
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vapor deposition (VD) process, a physical vapor deposition (PVD) process, an atomic
tayer deposition (ALD) process, and/or any suttable combination thereof.

[6054] At §102, a first through hole 5 can be formed. As shown in 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.

[G055) in some 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 § can be a wet etching, a dry
eiching, or a combination thereof.

16656} In some embodiments, when the first mask laver 4 is formed on the top surface of
the first msulating connection fayer 3, the etching process also eich the first mask layer 4
to form the first through holes 3.

{8087 At 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 polverystalline silicon (polysilicon) layer formed by
using a selective epitaxial process.

{0058} In some embodiments, the first channel structure 6 mav not directly formed on the
swrface of the substrate 1. One or more layers can be formed between the first channel
structure 6 and the substrate 1. That is, the first channel strocture 6 15 overlay the
substrate 1.

{6059} At 5104, a first functional 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 laver
8, afirst barrier layer 9, and a first passivation layer 10,

0060} As shown in FIG. 3. the first tunneling 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 tumneling layer 7 can be an oxide laver formed by using a
deposition process.

6061} The first storage laver 8 can be formed on the swrface of the first tunneling layer 7.
The first storage layver 8 can be used for storing electronic charges. The storage or
removal of charge in the first storage layer 7 can impact the on/off state and/or a

conductance of the semiconductor channel The first storage layer 7 can include
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polycrystaliine silicon {polvsilicon) or silicon nitride. In some embodiments, the first
storage layer 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 §. In some embodiments, the first barrier laver 9 can be a
sihicon oxide layer or a combination of sihicon oxide/silicon nitride/silicon oxide (ONQO)
fayers. In some embodiments, the first barrier layer 9 includes high dielectric constant
(high-k} dielecirics {e.g., aluminum 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 barmer fayer 9. The first passivation layer 10 can be used for protecting the first
barrier laver 9 from being damaged i a subsequent removal process. In some
embodiments, the first passivation laver 10 can be an amorphous silicon layver formed by
using a deposition process.

{6064} The portions of the first passivation laver 10, the first barrier layer 9, the first
storage laver 8 and the first tunneling laver 7 located on the top surface of the first
chanmel structure 6 on the bottom of the first through hole 5 can be removed. In some
embodiments, the removal process can include an etching process and a cleaning process.
Ag such, the first fumctional layer can be formed on the sidewall of the first through hole
3.

[0065] 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 layer of the first mask
fayer 4 located on the surface of the nitride layer of first mask layer 4 can also be
removed. As such, the nitride layer of first mask layer 4 is remained on the swrface of the
first insulating connection layer 3.

3066} At S103, a second channel structure and a first {illing structure can be sequentially
formed on the sidewall of the first functional layer and the exposed surface of the first
chamne! 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 bottom surface of the first through hole 5.
The second channel laver 11 can also cover the top surface of the first insulating

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

6068} As shown in FIG. 6, a first filling laver 12 can be formed to 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
ernbodirents, the first filling layver 12 can inclade one or more atrgaps.

6669 As shown in FiGs. 7A and 7B, a portion of the fust filling layer 12 can be
removed, so that the top swrface of the first filling layer 12 can be lower than the top
surface of the first insulating connection laver 3. As soch, the remaining portion of the
first filling layer 12 in the first through hole 5 can form the first filling structure. In some
embodiments, the portion of the first filling layer 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 fo any suitable etching process including, but not lirmt to, a wet etching, a dry
etching, or a combination thereof

{6676} In some embodiments, as shown in FIG. 7A, the top surface of the first filling
fayer 12 can be hugher than the top surface of the second stacker layer 2. For example,
the top surface of the first filling layer 12 can be 20nm to 40nm higher than the top
swrface of the top nitride laver of the second stacker layer 2. Preferably, the top surface
of the first illing laver 12 can be about 30nm higher than the top surface of the top nitride
laver of the second stacker layer 2.

{6671} in some alternative embodiments, 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. Preferably, the top
surface of the first filling laver 12 can be about 35nm lower than the top swrface of the top
nitride layer of the second stacker Jayer 2.

[8G72] 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 channel layer 11 is lower than the first
msulating connection layer 3. The remaining portion of the second channel layer 11 can
form the second channel strocture that is in contact with the first channel structure 6. In
some embodiments, the portion of the second channel layer 11 can be removed by using

an efching 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 layer 2.
However, the top surface of the second channel structure is not lower than the fop 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 nitride laver in the first stacked
layer 2, as shown in FIG. 8A. In some alternative embodiments, the top surface of the
second channel structre is in a same plane of the top surface of the top oxide layer in the
first stacked fayer 2, as shown in FIG. 8B.

6074} At 8106, a first groove can be formed in the first insulating connection layer 3. In
some embodiments, the projection of the first groove on the subsiraie 1 can completely
cover the projection of the first through hole 5 on the substrate 1.

{6675} As shown in FIGs. 9A and 9B, the minde laver of the first mask layer 4 can be
removed.  In some embodiments, the nitride layer of the first mask laver 4 can be
removad by using an etching process.

6076} As shown in FIGs. 10A and 10 B, the surface of the first insulating connection
tayer 3 can be planarized by using any suitable techniques, such as backside grinding,
and/or chemical mechanical polishing (CMP). A portion of the first insulating cormection
layer 3 can be removed to form the first groove thai penetrates the first insulating
connection laver 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 5 on the substrate
1.

6677} In some embodiments, a depth of the first groove can be equal to or less than the
thickness of the planarized first sulating connection layer 3, as shown in FIG 10A
For example, the depth of the first groove can be in a range between S0nm and 70nm. In
one embodiment, the thickness of the planarized first insulating connection layer 3 is
about 90nm, while the depth of the first groove is about 60nm.

{0078) in some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection layer 3, as shown in FIG. 10B.
That is, a portion of the top nitride layer in the first stacked layer 2 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 thickuess of the planarized furst
msulating connection layer 3 is about 30nm, while the depth of the first groove is about

GOnm.
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6679} At 8107, a third channel structure 14 can be formed in the first groove 13.
As shown in FIGs. 11 A and 118, the third channel structure 14 can be in contact with the
second channel structure. In some embodiments, the third channel structure can be
a polverystalline silicon player formed by using a deposition process.

G086} A thickness of the third channel structure 14 can be equal to 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. Foresample, the thickness of the third channel structure 14 can be 1 a range
between 60nm and 80nm, preferably about 70nm.

6081} Referring to FIG. 23B, at $10¥, 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/nitride
fayer pairs, such as silicon oxide layer and silicon nitride layer pairs. Sinular to the first
stacked layer 2 as described above, the multiple oxide layers (shown in the areas with
dotes) and multiple nitride layers (shown in the areas with meshes} in the second stacked
faver 15 alternate in a vertical divection. The second stacked laver 15 can mnclude any
suitable number of layers of the oxide layers and the nitride lavers. In some
embodiments, a total number of layers of the oxide layers and the nitride iayers in the
second stacked layer 15 15 equal to or larger than 64.

6682 in some embodiments, the second insulating connection layer 16 can be made by
any switable msulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the second insulating connection layer 16 can be different from
the material of the nitride layer in the second stacked layer 15

(K] Further, in some embodiments, a second mask layer 17 can be formed on the
surface of the second insulating connection layer 16. The second mask laver 17 can
mclude a nitride layer on the surface of the second insulating connection layer 16, and an
oxide layer on the surface of such nunde layer.

6084 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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mswlating connection laver 16, and can extend into the surface of the third channel
structure 14, The projection of the second through hole 18 on the substrate 1 can at least
partially overlap with the projection of the first through hole 5 on the subsirate 1.

[3085] 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 form 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 by using a dry eiching process, a wet etching process,
or a combination thereof A cleaning process can then be performed to clean the second
through hole 18,

3086} it is noted that, the second through hole 18 can extend to the surface of the third
channel structure 14, or can extend inio the third channel structure 14, As such, a fourth
channel structure formed subsequently m 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
aperfure of each second through hole 18 and the radius of the botiom aperture of the
second through hole 18 can be 15am. That 15, as shown in FIG. 13, a distance “a”
between the boundary line of the top surface of each second through hole 18 and the
boundary of the bottom surlace of the second through hole 18 can be no more than 15 nm.

[B088] At §1010, a second functional layer can be formed on the sidewall of the second
through hole 18. In some embodiments, the second functional laver can include a second
tunneling layer 19, a second storage layer 20, a second barrier laver 21, and a second
passivation layer 22,

0089} As shown m FIG. 14, the second tunneling layer 19 can be formed on the sidewall
of the second through hole 14 and the surface of the second channel structure 14, The
second tunneling laver 19 can be used for generating electronic charges. In some
ernbodiments, the second tunueling layer 19 can be an oxide layer formed by using
a deposition process.

{6090} The second storage layer 20 can be formed on the surface of the second tunneling
tayer 19. The second storage layer 20 can be used for storing electronic charges. In some
embodiments, the second storage laver 20 can be a nitnide layer formed by using

a deposition process.
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(6691} The second barrier fayer 21 can be formed on the surface of the second storage
tayer 20. The second barrier layer 21 can be used for blocking the outflow of the
electronic charges in the second siorage layer 20. In some embodiments, the second
barrier layer 21 can be an oxide layer formed by using a deposition process.

6692} As shown in FIG. 15, a second passivation layer 22 can be {ormed on the surface
of the second barrier layer 21. The second passivation layer 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.

6693 As shown in FIG. 15, the portions of the second passivation layer 22, the second
barrier layer 21, the second storage layer 20 and the second tunneling laver 19 that are
located on the surface of the second channel structure 14 can be removed. In some
embodiments, the removal process can include an etching process and a cleaning process.
in some embodiments, the portions of the second passivation layer 22, the second barrier
faver 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 layer 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,

{03094} At 81012, a fourth channel stracture and a second filling structure 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 structure can be higher than the top surface of the second filling structure.

[6095] As shown n FIG. 16, a fourth channel layer 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 channel layer 23 can also cover the surface of
the second insulating connection laver 16, or the surface of the nitride layer of the second
mask layver 17. In some embodiments, the fourth channel laver 23 can be an amorphous
siticon layer formed by using a deposition process.

{6096} As shown in FIG. 17, a second filling layer 29 can be formed o cover the fourth
chammel layver 23 and to fill the second through hole 18, In some embodiments, the
second filling laver 29 can be an oxide layer formed by using a deposition process.

[66G97] 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 etching process. The remaining portion of the second filling layer 29 in the second
through hole 18 can form the second filling structure.

6098} As shown in FIG. 19, the portion of the fourth channel layer 23 located on the
surface of the second insulating connection layer 16 or the surface of the second mask
faver 17 can be removed. In some embodiments, the removal process can include an
etching process. The remaining portion of the fourth channel layer 23 in the second
through hole 18 can form the fourth channel structure. The top swrface of the fourth
charmel sirocture can be higher than the top surface of the second filling structure. As
such, a second groove can be formed on the fourth channel structure and the second
filling stracture, and in the second through hole 18

3099} 1t 15 noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 15, or can be lower than the top surface of the
second stacked layer 15. The top surface of the fourth channel structure is not lower than
the top surface 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 in the second stacked laver 15,

60100} At 81013, a fifth channel structure can be formed in the second groove. The fifth
channel structure can be in contact with the fourth channel structure. As shown in FIG.
20, the fifth channel structure 30 can be formed v the second groove that is on the fourth
channel structiwe and the second filling structire and in the second through hole 18.
The nitride layer of the second mask layer 17 can be then removed by an etching process.

66161} As shown in FIGs. 21A and 21IB, the top swface of the second insulating
connection laver 16 and the top surface of the fifth channel structure 30 can be plananzed
by any suitable techniques, such as backside grinding, and/or chemical mechanical
polishing (CMP).

(60102} Accordingly, the disclosed method as shown in FIGs. 23A and 238 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 structure can have a large aspect ratio and a limited top-bottom 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 simplitied process complexity, and a

reduced cost.
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[60163] In some embodiments, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 23A and
23B. The three-dimensional memory can include the following components described
below.

[B0104] A first stacked laver including a plurality of oxide/mitride layer pairs, such as
silicon oxide layer silicon mitride layer pairs, is formed on a substrate. A first insulating
conneciion layer is 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.

160165] A first channel structure 15 formed on the surface of the substrate exposed by the
first through hole. A first functional laver is 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 is 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 stracture. The top surfaces of
the second channel structure and the first filling structure are lower than the top surfaces
of the first insulating cormection layer.

[60106] A first groove is formed in the first insulating connection layer, and above the first
functional layer, the second channel structure and the first filling structure. A projection
of the first groove on the substrate completely covers a projection of the first through hole
on the substrate. A third channel structure in contact with the second channel structure is
formed in the first groove.

601987} A second stack laver meluding a plurality of oxade/mitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on the top surfaces of the first
msulating connection laver and the third channel structure. A second insulating
connection layer is formed on the second stack jayer. A second through hole penetrates
through the second siacked layer and the second insulating connection layer, and extends
into a surface of the third channe! 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 laver is formed on the sidewall of the second through hole. A
fourth channel structure is formed on the sidewall of the second functional layer and the

bottom surface of the second through hole. A second filling structure is formed on the
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sidewall and the surface of the fourth channel structure to fill the second through hole.
In some embodiments, an airgap is enclosed in the second f{illing structure. The top
surface of the fourth channel structure is 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 functional laver, and above the fourth
channel structure and the second filling structure.

(66109} 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 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.

(60110} In some alternative embodiments, as shown in FIG. 218, a thickness “b” of the
first insulating connection layer, which is the distance between the top nitnide layer of the
first stacked layer and the bottom nitride layer of the second stacked layer can be in a
range between 20nm and 40nm, preferably about 30nm. A thickness “¢” of the third
charmel structure can be in a range between S0um and 70mm, preferably about 60nm.

66111} 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly. the disclosed channel hole having a joint opeming structure can have a large
aspect ratio and a limited top-botiom aperture error.

{60112} In some embodiments, a replacement process can be performed to replace each of
the plurality of nitride layers in the first stacked layer 2 and the second stacked Tayer 15
with a conductive laver 40, as shown in FIGs. 22A and 228. The conductive laver can
mclude any suitable material that is electronically conductive, including, but not limited
o, W, Co, Cu, Al, doped silicon, silicides, or any combination thereof,

(30113} in some embodiments, during the replacement process, a portion of the third
chamne! structure 14 that is adjacent with the botiom nitride layer of the second stacked
laver 15, or is adjacent with the top nitride layer of the first stacked layer 2 can be
converted to an oxide layer by an oxidation process. For example, an eiching process can
be performed to remove all mtride layers in the first 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 siructure can be
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converter 1o 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 exarmple, the thickness “¢” of the third channel structure can be reduced to a
range between 30nm and 50nm, preferably about 40nm.

60114} Referring to FIGs. S0A and 50B, schematic flow diagrams of another exerplary
fabricating process for forming a joint opening structure of three-dimensional (3D)
memoiy device are illustrated in accordance with some other embodiments of the present
disclosure. And FIGs. 24-29, 30A, 30B, 31A, 31B, 32A, 32B, 33A. 33B. 34A, 34B, 35-
47, 48A, 488, 49A and 49B illustrate schematic structural cross-sectional diagrams of an
exemplary joint opening structure of three-dimensional (3D} memory device al certain
stages of the fabricating process shown in FIGs. S0A and 50B.

[60115] As shown i FIG. 50A, at S201, a first stacked layer 202 and a first insulating
connection layer 203 can be sequentially formed on the surface of a subsirate 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 {o
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.

60116} 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 in the areas with dotes} and
multiple nitride lavers (shown in the areas with meshes} alternate in a vertical direction.
in other words, except a top and a bottom layer of a given stack, each of the other oxide
layers can be sandwiched by two adjacent nitride layers, and each niinide laver can be
sandwiched by two adjacent oxide layers.

60117} Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90om to 160nm,
preferably abowt 150nm. Similarly, nitride layers 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. In some embodiments, the oxide
tayers can be silicon oxide layers, and the nitride layers can be silicon nitride layer.

160118} The first stacked layer 202 can include any switable number of layers of the oxide

lavers and the mitride layers. In some embodiments, a total number of lavers of the oxide
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favers and the nitride lavers in the first stacked laver 202 is equal to or larger than 64. In
some embodiments, alternating conductor/dielectric stack includes more oxide layers or
more nitride layers with different materials and/or thicknesses than the oxide/nitride layer
pais.

60119} The first insulating connection laver 203 can be formed on the first stacked
laver 202. In some embodiments, the first insulating connection layer 203 can be made
by any suitable insulating material and/or dielectric maternial, such as silicon oxide. It is
noted that, the material of the first insnlating connection layer 203 can be different from
the material of the nitride layer i the first stacked layer 202.

166120} Further, in some embodimenis, a first mask layer 204 can be formed on the
surface of the first insulating connection layer 203. The first mask layer 204 can include
anitride layer on the surface of the first insulating connection laver 203, and an oxide
layer on the surface of such nitride layer.

60121} In some embodiments, the first stacked layer 202, the first insulating connection
fayer 203, and/or the first mask layer 204 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 layer deposition {ALD)
processes, and/or any suitable combinations thereof.

60122} At 8202, one or mwore 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 insulating connection laver 203, and can extend into the surface of the
substraie 201, In some embodiments, when the first mask layer 204 is formed on the
surface of the first insulating connection layer 203, the etching process also etch the first
mask layer 204 to form the first through holes 205,

303123} In some embodiments, the first through holes 205 can be formed by etching the
first stacked layer 202 and the first insulating connection layer 203 and a subsequent
cleaning process. The etching process to form the first through holes 205 can be a wet
etching, a dry etching, or a combination thereof. It is noted that, in the direction
perpendicular 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.
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(60124 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 203, as shown
i FIG 25, In some embodiments, the first channel structure 206 can be a polycrystalline
silicon {polysilicon) fayer formed by using a selective epitaxial process.

60125} At 8204, a first functional layer 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 layer 208, a first barrier laver 209, and a first passivation layer
210.

(66126} As shown in FIG. 26, the first tonneling laver 207 can be formed on the sidewall
of the plurality of first through holes 205 and the exposed surfaces of the first channel
structures 206. The first tunneling layer 207 can be used for generating electronic
charges {electrons or holes). In some embodiments, the first tunneling layver 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 tunneling layer
2(y7. The first storage layer 208 can be used for storing electronic charges. The siorage
or removal of charge in the first storage layver 207 can impact the on/off state and/or
a conductance of the semiconductor channel. The first storage layver 207 can include
polverystalline silicon (polysilicon} or silicon miiride. In some embodiments, the first
storage layer 208 can be a nitride layer formed by using a deposttion process.

[G0128} The first barmer 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 layver 208. In some embodiments, the first
barrier layer 209 can be a silicon oxide layer or a combination of silicon oxide/stlicon
nitride/silicon oxide (ONO) layers. In some embodiments, the first barrier layer 209
includes high dielectric constant (high-k) dielectrics {e.g. aluminum oxide). In one
example, the first barvier laver 209 i3 an oxide laver formed by usmg a deposition
Process.

60129} As shown i FIG. 27, a first passivation layer 210 can be formed on the surface of
the first barrier layer 209. The first passivation layer 210 can be used for protecting the
first barrier layer 209 from being damaged in a subsequent removal process. In some
embodiments, the first passivation layer 210 can be an amorphous silicon layer formed by

using a deposition process.
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661301 The portions of the first passivation layer 210, the first barrier layer 209, the first
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
be removed. In some embodiments, the removal process can include an eiching process
and a cleaning process. As such, the first fonctional layver can be formed on the sidewalls
of the plurality of first through holes 2035,

(66131} 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 miinde layer of first mask layer 204 can also
be removed. As such, the nitride layer of first mask laver 204 is remained on the surface
of the first insulating connection layer 203.

60132} At §203, a second channel structure and a first {illing structure can be sequentially
formed on the sidewall of the first functional laver and the exposed surface of the first
channe! 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 connection layer 203,

1601334 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 botiom of each of the plurality of first
through holes 205, The second channel 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
faver 204, In some embodiments, the second channel laver 211 can be an amorphous
siticon fayer formed by using a deposition process.

(66134} As shown i FIG. 29, a first filling laver 212 can be formed to cover the second
chammel layer 211 and fill each of the plurality of first through holes 205, In some
embodiments, the first filling layer 212 can be an oxide laver formed by using a
deposition process.

[GG135] As shown in FIGs. 30A and 30B, a portion of the first filling layer 212 can be
removed, such that the top surface of the first filling layer 212 can be lower than the top
surface of the first insulating connection layer 203, As such, the remaining portion of the
first filling laver 212 i each of the plurality of first through holes 205 can form the first
filling structure. In some embodiments, the portion of the first filling layer 212 can be
removed by using an etching process, such as a wet eiching, a dry eiching, or a

combination thereof
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[60136] In some embodiments, as shown in FIG. 30A, the top surface of the first filling
taver 212 can be higher than the top surface of the second stacker laver 202,
For example, the top surface of the first filling layer 212 can be 20nm to 40nm higher
than 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 30nm higher than the top surface
of the top nitride layer of the second stacker layer 202.

(66137} in some alternative embodiments, as shown in FIG. 308, the top surface of the
first filling layer 212 can be lower than the top surface of the second stacker layer 202.
For example, the top surface of the first filling laver 212 can be 30nm to 40nm lower than
the top surface of the top nitride laver of the second stacker layer 202, Preferably, the top
surface of the first filling laver 212 can be abowt 35nm lower than the top surface of the
top nitride layer of the second stacker layer 202.

(60138} As shown in FIGs. 31A and 31B, a portion of the second channel layer 211 can be
removed, such that the surface of the second channel layer 211 is lower than the firgt
mswlating connection layer 203, The remaining portion of the second channel layer 211
can form the second channel structure that is in contact with the first channel structure
206. In some embodiments, the portion of the second channel layer 211 can be removed
by using an etching process.

60139} It 1s noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked layer 202 or lower than the
top surface of the first stacked layer 202. 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
202, In some embodiments, the top surface of the second channel siruciure can be higher
than the top nitride layer in the first stacked laver 202, as shown in FIG. 31A. In some
alternative embodiments, 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 layer 202, as shown in
FIG 31B.

60140} At S206, a first groove can be formed in the first insulating connection layer 203
above each of the phuality of first through holes 205, In some embodiments,
the projection of the first groove on the substrate 201 can completely cover the projection

of the corresponding first through hole 205 on the substrate 201,
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(60141} As shown in FIGs. 324 and 32B, the nitride layer of the first mask layer 204 can
be removed. In some embodiments, the niiride layer of the first mask layer 204 can be
removed by using an eiching process.

60142} As shown in FIGs. 33A and 33 B, the swface of the first insulating connection
fayer 203 can be plananzed by any suitable techmiques, such as backside grinding, and/or
chemical mechanical polishing {CMP). A portion of the first insulating connection layer
203 can be removed to 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 projection of each of the plurality of
first through holes 2035 on the substrate 201

30143} 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. Io
one embodiment, the thickness of the planarized first insulating connection layer 203 is
about 90nm, while the depth of the first groove is about 60nm.

(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 is, a portion of the top miride 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 planarnized
first insulating conmection layer 203 is about 30nm, while the depth of the first groove is
about 60nm.

[66145] At 8207, a third channel siructure 214 can be formed in each of the plurality of
first grooves 213, As shown in FIGs. 34A and 34B, the third channel structure 214 can
be in contact with the second channel structure in each of the plurality of first through
holes 205. Insome embodiments, the third channel structure can be a polycrystalline
silicon player formed by using a deposition process.

60146} A thickness of each third channel structure 214 can be equal fo the depth of each
first groove 213, As described above, in some embodiments, a thickness of each third
channel structure 214 can be equal to or less than the thickness of the planarized first
msulating connection layer 203, as shown in FIG. 34A. For exanple, the thickness of
each third channel structure 214 can be in a range between S0nmm and 70nm, preferably

about 60nm. Insome alternative embodiments, the thickness of each third channel
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structure 214 can be greater than the thickness of the planarized first insulating
connection tayer 203, as shown in FIG. 34B. For example, the thickness of each third
channel structure 214 can be in a range between 60nm and 80nm, preferably about 70nm.

60147} Refernng to FIG. 30B, at 5208, a second stacked layer 215 and a second
msulating connection layer 216 can be sequentially formed on the plurality of third
channel structures 214, As shown in FIG. 33, the second stacked layer 215 can include a
plurality of oxide/nitride layer pairs, such as silicon oxide layers and silicon nitride layers.
Similar to the first stacked laver 202 as described above, the multiple oxide layers (shown
in the areas with dotes) and multiple minde layers (shown 1 the areas with meshes) in the
second stacked laver 215 alternate in a vertical direction. The second stacked layer 2135
can include any suitable mumber of lavers of the oxide layers and the nitride layers. In
some embodiments, a total nursber of layvers of the oxide layers and the nitride layers in
the second stacked layer 215 15 equal to or larger than 64

60148} in some embodiments, the second insulating connection layer 216 can be made by
any suitable insulating material and/or dieleciric material, such as silicon oxide. It is
noted thai, the material of the second insulating connection layer 216 can be different
from the material of the nitride layer in the second stacked layer 215,

60149 Further, in some embodiments, a second mask layer 217 can be formed on the
surface of the second insulating connection layer 216, The second mask laver 217 can
imclude a nitride layer on the surface of the second insulating connection layer 216, and
an oxide layer on the surface of such nitride layer.

{60156} 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
fayer 213, the second insulating connection layer 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 subsirate 201 can at least partially
overlap with the projection of the corresponding first through hole 205 on the substrate
201.

60151} In some embodiments, the second stacked laver 215, the second insulating
connection layer 216, the second mask layer 217, and the third channel structures 214 can
be etched to form the plurality of second through holes 218 that penetrate the second

stacked laver 215 and the second insulating connection layer 216, The second stacked
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fayer 215, the second insulating connection fayer 216, the second mask layer 217, and/or
the third channel structure 214 can be etched by using a dryv eiching 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,

60152} it 1s noted that, each second through hole 218 can extend to the surface of the
corresponding third channel structure 214, or can extend nto the corresponding third
channel structure 214. As such, a fourth channel structure formed subsequently i each
second through hole 218 can directly contact the corresponding third channel structure. It
is also noted that, the one or more second through holes 218 in the third region 300 can
also completely penetrate the corresponding third channel siructures 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 maximum difference between the radius of the fop
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 13
.

[68154] At S2010, a second functional layer can be formed on the sidewall of each second
through hole 218 In some embodiments, the second functional layer can include
asecond tunneling layer 219, a second storage laver 220, a second barrier layer 221,
and a second passivation layer 222.

(66155} As shown in FIG. 37, the second tunneling layer 219 can be formed on the
sidewall of each second through hole 218 and the swrface of the corresponding third
chamnel structure 214, The second tunneling laver 219 can be used for generating
electronic charges. In some embodiments, the second tunneling Jayer 219 can be an oxide
laver formed bv using a deposition process.

60156} The second storage laver 220 can be formed 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 slorage layer 220 can be a nitride layer
formed by using a deposition process.

160157} The second barrier layer 221 can be formed on the surface of the second storage

faver 220. The second barrier layer 221 can be used for blocking the outflow of the
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electronic charges in the second storage layer 220. In some embodiments, the second
barrier fayer 221 can be an oxide laver formed by using a deposition process.

60158 As shown in FIG. 34, a second passivation layer 222 can be formed on the surface
of the second barrier layer 221. The second passivation laver 222 can be used for
protecting the second barrier layer 221 from being damaged in a subsequent removal
process. In some embodiments, the second passivation layer 222 can be an amorphous
silicon layer formed by using a deposition process.

{60159} As shown in FIG. 38, the portions of the second passivation layer 222, the second
basrier layer 221, the second storage layer 220 and the second turmeling layer 219 that are
focated on the surface of each third channel structure 214 can be removed. In 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
layer 221, the second storage laver 220, the second tunnehing layer 219, the oxade layer of
the second mask layer 217 that are located on the nutride layer of the second mask layer
217 can also be removed by using an efching process. As such, the second functional
tayer can be formed on the sidewall of each second through hole 213,

[60166] At 82011, 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 second
through hole 218 m the first region 100, Further, a second filling structure can be formed
in each of the plurality of second through holes 218 n 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 second filling structure.

{60161} As shown in FIG. 39, a fourth channel layer 223 can be formed to cover the
sidewall of the second passivation laver 222 and the bottom surface of 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 fourth channel layer 223 can also cover
the top surface of the second insulating connection layer 216, or the top surface of the
nitride layer of the second mask layer 217. In some embodiments, the fourth channel
layer 223 can be an amorphous silicon laver formed by using a deposition process.

66162} As shown m FIG. 40, a third filling layer 224 can be formed {o cover the fourth
channel layer 223 In some embodiments, the third filling layer 224 can include one or
more airgaps in each second through hole 218, In some embodiments, the third filling

laver 224 can be an oxide fayer formed by using a deposition process.
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[60163] As shown in FIG. 41, a third mask layer 25 can be formed on the top surface of
the third filling layer 224 in the first region 100. Using the third mask 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 etching process.

(303164} As shown in FIG. 42, the third mask laver 225 can be removed. Using the
remaining third filling layer 224 in the first region 100 as a mask, the fourth channel
fayer 223 located in the second region 200 and the third region 300 can be removed by
using an etching process.

[60165] As shown in FIG. 43, a fourth filling layer 227 can be formed on the surface of the
second functional layer located in the second region 200 and the third region 300
in some embodiments, the filling performance of the fourth filling layer 227 can be better
than the filling performance of the thurd filling layer 224, That is, in a same removing
process, the removal rate of the fourth filling layer 227 can be less than the removal rate
of the third filling layer 224

(66166} As shown in FIG. 44, the third filling layer 224 on the surface of the fowrth
channel layer 223 in the first region 100 can be removed by using an etching process. I
is noted that, a portion of the fowth filling laver 227 can also be removed by the same
etching process.

30167} As shown in FIG. 45, a second filling laver 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 layer 229 can be the same material of the fourth filling
faver 227.

160168} As shown in FIG. 46, a portion of the second filling layer 29 can be removed by
using an eiching process, such that the top surface of the second filling layer 229 in each
second through hole 218 is lower than the top swface of the second insulating connection
faver 216, The remaining portion of the second filling fayer 29 in each second through
hole 218 can form the second filling structure.

60169} Further, the portion of the fourth channel layer 223 located on the surface of the
second insulating connection laver 216 or the surface of the second mask layer 217 can be
removed by using an etching process. The remaining portion of the fourth channel layer
223 i each second through hole 218 can formn the fourth channel structure. The top
surface of the fourth channel structure can be higher than the top surface of the second

filling strocture.  As such, a second groove can be formed on the fourth channel structure
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and the second filling stracture in each second through hole 218 in the first region 100,
and on the second filling structure in each second through hole 218 in the second region
200 and the third region 300.

60176} It is noted that, the top surface of the fourth channel structure can be higher than
the top surface of the second stacked layer 215, or can be lower than the top surface of the
second stacked laver 2135, The top surface of the fourth channel structure is not lower
than the top surface of the fop oxide layer in the second stacked layer 215, 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 laver 215,

166171} At S2012, 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.

(606172} 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 fifth channel structure 230 can also
be formed in the second groove that is on the second filling structure in each second
through hole 218 in the second region 200 and the third region 300. The nitnide layer of
the second mask layer 217 can be then removed by an etching process.

[60173] As shown in FiGs. 48A and 48B, the top surface of the second insulating
conmection layer 216 and the top surface of the plurality of fifth channel structures 230
can be planarized by any suitable techniques, such as backside grinding, and/or chemical
mechanical polishing (CMP}).

66174} Accordingly, the disclosed method as shown i FIGs. 50A and 50B 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 operuing structure can have alarge aspect ratio and a limited top-bottom aperture
error. Further, the disclosed method of forming a joint opening structure in a 3D memory
device can simultanecusly form a phurality of channel holes, staircase dummy holes, and
through array contact barriers, resulting in an efficient process capability control, a
simnplified process complexity, and a reduced cost.

160175 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 50B. The three-dimensional memory device can include a first region for
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forming a plurality of channel holes, a second region for forming a plurality of staircase
structure (S8} dummy holes, and a third region for forming 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.

(08176} A first stacked layer including a plurality of oxide/nitride laver pairs, such as
silicon oxide layer and silicon nitride layver pairs, is formed on a substrate. A first
insulating connection layer is formed on the first stacked layer. A plurality of first
through holes peneirating the first stacked laver and the first insulating connection laver
and extending mto the surface of the substrate are formed in the first region, the second
region, and the third region.

606177} A first channel structure 1s formed on the surface of the subsirate exposed by each
first through hole. A first functional layer is formed on the sidewall of each first through
hole. A second channel structure 1s 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 18 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.

(66178} A first groove 1s formed in the first insulating connection laver, and above the first
fimctional layer, the second channel structure and the first filling structure in each first
through hole. A projection of each of the plurality of firsi grooves on the substrate
completely covers a projection of the corresponding first through hole on the subsirate.
Athird channel structire in contact with the second channel structure in the
corresponding first through hole s formed in each first groove.

60179} A second stack layer including a plurality of oxide/mitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs, is formed on the fop surfaces of the first
mswlating connection fayer and the plurality of third channel structures. A second
msulating connection layer is formed on the second stack layer. A plorality of second
through holes penetrating through the second stacked layer and the second msulating
connection 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
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plurality of second through holes on the substrate at least partially overlaps the projection
of the corresponding first through hole on the substrate.

[60180] A second functional laver is formed on the sidewall of each second through hole.
A fourth channel structure is formed on the sidewall of the second functional laver and
the bottom surface of each second through hole in the first region. A second filling is
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 1n each second through hole in the first region.

166181} in the first region, a fifth channel structure in contact with the fourth channel
structure 1s formed in a second groove i each second through hole that is swrrounded 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 chamnel structure 1s
formed in a second groove in each second through hole that is surrounded by the second
functional layer, and above the second filling structure.

(66182} Diue 1o the fourth channel structures being formed in the second through holes in
the first region rather than the third region, the fifth chammel 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 {ifth channel structure in each
second through hole in the third region can be electronically insulated with the first
channe! structure in the corresponding first through hole. Thus, in the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and a
plurality of through array contact {TAC) barriers can be formed in the third region. The
plurality of staircase structure dunumy holes in the second region can have a supporting
function of the staircase structure.

(33183} In some embodiments, as shown in FIG. 48A, in each channel hole n the first
region, a thickness “b” of the first insulating comnection layer, which is the distance
between the top nitride layer of the first stacked layer and the bottom nitride layer of the
second stacked 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 70nmy,
preferably about 60nm.

160184} 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
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distance between the top nitride layer of the first stacked layer and the bottom nitride
tayer of the second stacked layer can be n a range between 20nm and 40nm, preferably
about 30nm. A thickness “c” of the third channel structure can be in a range between
50nm and 70nm, preferably about 60nm,

[60185] Further, the difference between the radivses 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 a large
aspect ratio and a limited top-bottorn aperture error.

1603186} In some embodiments, a replacement process can be performed fo replace each of
the plurality of nitride lavers in the first stacked layer 202 and the second stacked
laver 215 with a conductive layer 240, as shown in FIGs, 49A and 498B. The conductive
layer can include any switable moaterial that is electronically conductive, including, but not
himited to, W, Co, Cu, Al doped silicon, silicides, or any combination thereof.

{60187} 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 is, the first stacked layer and the second
stacked layer i the first region and the second region can be altemating
conductive/dielectric stack, while the first stacked layer and the second stacked layer in
the third region can be aliernating oxide/nitride stack.

{60188} In some embodiments, during the replacement process, a portion of the third
charmel structure 214 that 15 adjacent with the bottomw nitride layver of the second stacked
fayer 213, or is adjacent with the top nitride layer of the first stacked layver 202 can be
converted to an oxide layer by an oxidation process. That is, as shown in FIGs. 49A and
49B, 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 30nm, preferably about 40nm.

(661589} Referring to FIGs. 74A and 74B, schematic flow diagrams of another exemplary
method for forming a joint opening structure of three-dimensional (3D3) memory device
are illustrated 1 accordance with some embodiments of the present disclosure.
And FIGs. 51-55, 56A, 568, STA, 57B. 58A, 58B, 59A, 598, 60-71, 72A. 72B. 73A and

73B illustrate schematic structural cross-sectional diagrams of an exemplary joint opening
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structure of three-dimensional (3D} memory device at certain stages of the fabricating
process shown i FIGs. 74A and 74B.

[60190] At S301, a substrate 301 can be provided, a first stacked layver 302 and a first
msulating connection layver 303 can be formed on the surface of the substrate 301, As
shown in FIG. 51, the first stacked layer 302 can include a plurality of oxide/mitride layer
pairs, such as silicon oxide layer and silicon nitride layer pairs. The multiple oxide lavers
(shown in the areas with dotes} and multiple nitride layers (shown in the areas with
meshes} in the first stacked layer 302 alternate in a vertical direction. The first stacked
faver 302 can include any suitable number of layers of the oxide lavers and the mitride
layers. In some embodiments, a total number of layers of the oxide layers and the nitride
layers in the first stacked laver 302 is equal to or larger than 64.

60191} In some embodimenis, the first msulating connection layer 303 can be mwade by
anv suitable insulating material and/or dielectric material, such as silicon oxide. It s
noted that, the material of the first insulating connection layer 303 can be different from
the material of the nitride layer in 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 layer 303. The first mask layer 304 can include
anitride layer on the surface of the first insulating connection laver 303, and an oxide
layer on the surface of such nitride laver.

60193} At 8302, a first through hole 305 can be formed. As shown mn FIG. 51, the first
through hole 305 can completely penetrate the first stacked layer 302 and the first
insulating connection laver 303, and can extend into the surface of the substrate 301.

(66194} In some embodiments, the first through hole 303 can be formed by etching the
first stacked layer 302 and the first insulating connection laver 303 and a subsequent
cleaning process. The etching process to form the first through hole 305 can be a wet
etching, a dry etching, or a combination thereof.

(60195} in some embodiments, when the first mask laver 304 15 formed on the surface of
the first insulating connection layer 303, the etching process also etch the first mask layer
304 to form the first through holes 305.

(60196} At S303, a first channel structure 306 can be formed on the surface of the
substrate 301 that is exposed by the first through hole 303, as shown m FIG. 52, In some
embodiments. the first channel structure 306 can be a polvcrystalline silicon layer formed
by using a selective epitaxial process.
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(60197} At 8304, a first functional layer can be formed on the sidewall of the first through
hole 305, The first functional laver can include a first tunneling laver 307, a first storage
tayer 308, a first barrier layer 309, and a first passivation layer 310.

[60198] As shown in FIG. 33, the first tunneling layer 307 can be formed on the sidewali
of the first through hole 305 and the surface of the first channel structure 306, The first
tunnehing layver can be used for generating electronic charges. In some embodiments, the
first tunneling layer 307 can be an oxide layer formed by using a deposition process.

{60199} The first storage layer 308 can be formed on the surface of the first tunneling layer
307, The first storage layer 308 can be used for storing electronic charges. In some
embodiments, the first storage layer 308 can be a nitnide layer formed by using a
deposition process.

60200} The first bamer layer 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 siored in the first storage layer 308. In some embodiments, the first
barrier layer 309 can be an oxide layer formed by using a deposiiion process.

66201} As shown in FIG. 54, a first passivation layer 310 can be formed on the surface of
the first barrier layer 309, The first passivation laver 310 can be used for protecting the
first barrier layer 309 from being damaged in a subsequent removal process. In some
ermbodiments, the first passivation laver 310 can be an amorphous silicon layer formed by
using a deposition process.

166202} The portions of the first passivation laver 310, the first barrier layer 309, the first
storage layer 308 and the first tunneling layer 307 located on the surface of the first
charmel structure 306 on the boitom 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 layer can be formed on the sidewall of the first
through hole 303,

(30203} in some embodiment, in the same removal process, the first barrier layer 309,
the first storage layer 308, the first tunneling layer 307, and the oxide layer of the firgt
mask layer 304 located on the surface of the nitride layer of first mask layer 304 can also
be removed. As such, the nitride layer of {irst mask laver 304 is remained on the surface
of the first insulating connection layer 303,

160204] At 8303, a second channel structure can be formed on the sidewall of the first
functional layer sidewall and the surface of the first channel structure 306, The surfaces
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of the second channel structiwe can be lower than the surface of the first insulating
connection layer 303.

[60205] As shown in FIG. 355, a second channel layer 311 can be formed to cover the
sidewall of the first passivation laver 310, the bottom of the first through hole 305.
The second channel tayer 311 can also cover the surface of the first insulating connection
laver 303, or cover the surface of the nitride layer of the first mask layer 304. In some
embodiments, the second charmel layer 311 can be an amorphous silicon layer formed by
using a deposition process.

60206} As shown i FIGs. 56A and 36B, 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 structure that is in contact with the first channel structore
306, In some embodiments, an airgap can be enclosed by the second channel structure, as
shown in FIGs. 56A and 36B. In some embodiments, the portion of the second channel
faver 311 can be removed by using an etching process.

(60267} It 1s noted that, in various embodiments, the top surface of the second channel
structure can be higher than the top surface of the first stacked layer 302 or lower than the
top swrface of the first stacked layer 302. However, the {op surface of the second channel
structure 1s not lower than the top surface of the top oxide layer in the first stacked layer
302. In some ernbodirnents, the top surface of the second channel structure can be higher
than the top nitride laver in the first stacked layer 302, as shown in FIG. 56A. 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 in the first stacked layer 302, as shown in
FIG. 56B.

160208 At 8306, a first groove 312 can be formed in the first insulating connection layer
303. In some embodiments, the projeciion of the first groove 312 on the substraie 301
can completely cover the projection of the first through hole 305 on the substrate 301.

60209} As shown in FiGs. 57A and 57B, the nitride layer of the first mask layer 304 can
be removed by using an etching process. As shown in FIGs. 58A and 58B, the surface of
the first insulating comnection layer 303 can be planarized. A portion of the first
msulating connection layer 303 can be removed to form the first groove 312 that

penetrates the first insulating connection layer 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.

60219} 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 303, as shown in FI{G. S8A.
For example, the depth of the first groove can be in a range between 30nm and 70nm. In
one embodiment, the thickness of the planarized first insulating connection layer 303 s
about 90nm, while the depth of the first groove is about 60nm.

{60211} In some alternative embodiments, the depth of the first groove can be greater than
the thickness of the planarized first insulating connection laver 303, as shown in
FIG. 588, That is, a portion of the top nifride laver in the first 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 50nm and 70nm.  In one embodiment, the thickness of the planarnized
first msulating connection layer 303 is about 30nm, while the depth of the first groove is
about 60nm.

66212} At 8307, a third channel structure 313 can be formed in the first groove 312
As shown in FIGs. 59A 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 polverystalline silicon player formed by using a deposition process.

60213} A thickness of the third channel structure 313 can be equal to 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 planarized first insulating
connection layer 303, as shown in FIG. 59A. For example. the thickness of the third
channel structure 313 can be in a range between 30nm and 70nm, preferably about 60nm.
In some alternative embodiments, the thickness of the third channel structure 313 can be
greater than the thickness of the planarized first insulating connection layer 303, as shown
in FIG. S9B. For example, the thickness of the third channel structure 313 can be in a
range between 60nm and 80nm, preferably about 70nm.

60214} At 8308, 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 nclude a plurality of oxide/mitride layer pairs, such as
silicon oxide layer and silicon nitride layer pairs. Sumilar to the first stacked layer 302 as
described above, the multiple oxide layers {shown in the areas with dotes) and multiple

nitride layers {shown in the areas with meshes) in the second stacked layver 314 alternate
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i a vertical direction. The second stacked layer 314 can include any switable number of
tayers of the oxide lavers and the nitride layers. In some embodiments, a total number of
tayers of the oxide lavers and the nitride layers in the second stacked laver 314 is equal to
or larger than 64.

60215} In some embodiments, the second insulating connection layer 315 can be made by
any suitable insulating material and/or dielectric matenial, such as silicon oxide. It s
noted that, the material of the second insulating connection layer 315 can be different
from the material of the nitride layer in the second stacked layer 314.

60216} Further, in some emwbodiments, a second mask Iayer 316 can be formed on the
surface of the second insulating connection laver 315, The second mask layer 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.

60217} At 8309, a second through hole 317 can be formed. As shown i FIG 61,
the second through hole 317 can completely peneirate the second stacked layer 314 and
the second insulating connection layer 315, and can extend into the surface of the third
charmel 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.

60218} In some embodiments, the second stacked layer 314, the second insulating
conmection layer 315, the second mask layer 316, and a portion of the third channel
structure 314 can be eiched to form the second through hole 317. The second stacked
faver 314, the second insulating connection layer 3135, the second mask layer 316, and/or
the third channel structure 314 can be etched by using a dry eitching process, a wet
etching process. or a combination thereof. A cleaning process can then be performed to
clean the second through hole 317

60219} In some embodiments, a maximmum difference between the radius of the top
aperture of each second through hole 317 and the radius of the botiom aperture of the
second through hole 317 can be 15nm. That is, as shown in FIG. 61, a distance “a”
between the boundary hine of the top surface of the second through hole 317 and the
boundary of the bottom surface of the second through hole 317 can be no more than 15
nim.

166220} At 83010, a second functional layer can be formed on the sidewall of the second

through hole 317 In some embodiments, the second functional layer can include
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a second tunneling layer 318, a second storage layver 319, a second barrier layer 320, and
a second passivation layver 321,

60221} As shown in 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 siructure
313. The second tunneling layer 318 can be used for generating electronic charges. In
some ernbodiments, the second tunnehing layer 318 can be an oxide layer forroed by using
a deposition process.

60222} The second storage laver 319 can be formed on the surface of the second
tunneling layer 318, The second storage laver 319 can be used for sionng electromce
charges. In some embodiments, the second storage layer 319 can be a nitnide layer
formed by using a deposition process.

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

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

06225} As shown in 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 nitride 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 313,
and the second through hole 317 and the first through hole 3035 can be interconnected

with each other, as shown in FIG. 63.
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166227} In some embodimenis, the portions of the second barrier 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.

60228} At S3011, the second tunneling structure, the third tunneling structure, the second
passivation layer 321, and the first passivation layer 310 can be removed. In some
embodiments, the second tunneling structure, the third tunneling structure, the second
passivation layer 321, and the first passivation laver 310 can be removed by using one or
more etching processes.  As such, a third through hole 322 can be formed by
mierconnecting the first through hole and the second through hole, as shown in FIG, 65.

30229} At 83012, a fourth channel structure and a first filling structwwe can be
sequentially formed on the sidewall and the bottom of the third through hole 322, In
some embodiments, the surface of the fourth channel structure can be higher than the
surface of the first filling structure. In some embodiments, the fourth chanunel structure
mchudes a joint channel structure that is sandwiched between the first stacked layver 302
and the second stacked laver 314, and covers the exposed surface of the first insulating
connection layer 303.

60236} As shown in FIG. 66, a fourth channel laver 328 can be formed to cover the
sidewall and bottom of the third through hole 322 and the exposed surface of the third
msulating connection layer 303, In some embodiments, the fourth channel layer 323 can
also cover the surface of the second insulating connection layer 313, or the surface of the
nitride layver of the second mask laver 316, In some embodiments, the fourth channel
fayer 328 can be an amorphous stlicon layer formed by using a deposition process.

1602311 As shown in FIG. 67, a first filling laver 334 can be formed to cover the fourth
charmnel layer 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 in FIG. 68, a portion of the first filling layer 334 can be removed. such
that the surface of the first filling layer 334 is lower than the top swrface of the second
msulating connection layer 315, In some embodiments, the removal process can include
an eiching process. The remaining portion of the second filling layer 334 in the third
through hole 322 can form the second filling structure.

166233} As shown in FIG. 69, the portion of the fourth channel layer 328 located on the

top surface of the second insulating connection layer 315 or the top swrface of the second
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mask layer 316 can be removed. In some embodiments, the removal process can include
an eiching process. The remaining portion of the fourth channel layer 328 in the third
through hole 322 can form the fourth channel structure. The top surface of the fourth
channel structure can be higher than the top swface 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 third through hole 322,

(66234} it 1s noted that, the top surface of the fourth channel siructure 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 swrface of the fourth channel siructure is not lower
than the top surface of the top oxide layer 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} At S3013, a fifth channel structure can be formed in the second groove. The fifth
channe! structure can be in contact with the fourth channel structure. 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 m FIG. 71, thenitride fayer of the second mask layer 316 can be
removed by an eiching 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.

{66237} Accordingly, the disclosed method as shown in FiGs. 74A and 74B can form
ajoint opening structiwre 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-bottom 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
reduced cost.

60238} In some embodimenis, the present disclosure also provides a three-dimensional
memory device formed by using the above disclosed method as shown in FIGs. 74A and
748. The three-dimensional memory can include the following components described
below.

160239} A first stacked layer including a plurality of oxide/nitride layer pairs, such as

silicon oxide layer silicon nitride layer pairs, is formed on a substrate. A first insulaling
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connection layer is formed on the first stacked layer. A first through hole peneirates the
first stacked layer and the first insulating connection layer, and exiends 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.

(60240} A second stack laver including a plurality of oxide/mitride layer pairs, such as
siticon oxide layer and silicon nitride layer pairs, is formed on the op 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 insulating connection layer, and 15 interconnecied with the first through
hole. A second functional fayer 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 1s 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 channel structure is higher than the top surface of the first
filling structure. A fifth channel structure in contact with the fourth channel structure is
formed 1n a second groove that is surrounded by the second functional layer, and above
the fourth chanmel structure and the first filling structure.

(06242} in some embodiments, as shown in 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 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.

60243} In some altemative embodiments, as shown in FIG. 72B, a thickness “b” of the
first insulating connection laver, which is the distance between the top nitride layver of the
first stacked layer and the bottom nitride layer of the second stacked layer can be in a
range between 20nm and 40nm, preferably about 30nm. A thickness “¢” of the third
charmel structure can be in a range between S0um and 70mm, preferably about 60nm.

160244 Further, the error the radius of the aperture of different positions of the third
through hole can be within 15nm. That 1s, a difference betweaen a maximum radius of the

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

[60245] in some embodiments, a replacement process can be performed fo replace each of
the plurality of nitride lavers in the first stacked layer 302 and the second stacked
laver 314 with a conductive layver 440, as shown in FIGs. 73A and 73B. The conductive
laver can include any suitable material that 1s electronically conductive, including, but not
hiomted 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 bottorn nitride laver of the second stacked
fayer 314, or is adjacent with the top nitride layer of the first stacked layver 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 to
a range between 30nm and 30nm, preferably about 40nm.

166247} Referring to FIGs. 103A and 103B, schematic flow diagrams of another
exemplary fabricating process for forming a joint opening structure of three-dimensional
(3D) memory device are illustrated in accordance with some other erabodiments of the
present disclosure. And FIGs. 75-79, 80A, 80B, 81A, 81B, 82A, 82B, 83A, 3B, 84-100,
101A, 101B, 102A and 102B illostrate 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. 103A and 103B.

66248} As shown in FIG. 103A, at 5401, a first stacked layer 402 and a first insulating
connection fayer 403 can be sequentially formed on the surface of a subsirate 401, 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. 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 (SS) dummy holes, while the third region 300 can be used to form one
or more through array contact {TAC) barriers.

[60249] As shown in FIG. 75, the first stacked layer 402 can be formed on the substrate
441, The first stacked laver 402 can include a plurality of oxade/nitride laver pairs. That
1s, n the first stacked layer 402, multiple oxide layers {shown in the areas with dotes) and
multiple nitride layers {(shown in the areas with meshes) alternate in a vertical direction.

In other words, except a top and a bottom layer of a given stack, each of the other oxide
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favers can be sandwiched by two adjacent nitride layers, and each nitride layer can be
sandwiched by two adjacent oxide layers.

60250 Oxide layers can each have the same thickness or have different thicknesses. For
example, a thickness of each oxide layer can be in a range from 90nm to 160nm,
preferably about 150mm. Simalarly, nitride lavers can each have the same thickness or
have different thicknesses. For exarople, a thickness of each nitride layer can be in a
range from 40nm to 110nm, preferably about 100nm. In some embodiments, the oxide
lavers can be silicon oxide lavers, and the nitride layers can be silicon nitride layer.

(60251 The first stacked laver 402 can include any suitable number of layers of the oxide
fayers and the nitride lavers. In some embodiments, a total number of lavers of the oxide
layers and the nitride layers in the first stacked layer 402 is equal 1o or larger than 64. In
some embodiments, altemating conductor/dielecine stack includes more oxide lavers or
more nitride layers with dufferent matenials and/or thicknesses than the oxide/nitride layer
pair.

66252} The first insulating connection layer 403 can be formed on the first stacked
fayer 402, In some embodiments, the first msulating connection layer 403 can be made
by any suitable insulating material and/or dielectric material, such as silicon oxide. It is
noted that, the material of the first insulating connection laver 403 can be different from
the material of the nitnide layer in the {irst stacked layer 402.

(60253} Further, in some embodiments, a first mask laver 404 can be formed on the
surface of the first insulating connection laver 403. The first mask layer 404 can mnclude
anitride layer on the surface of the first insulating connection layer 403, and an oxide
tayer on the surface of such mitride layer,

166254} In some embodiments, the first stacked laver 402, the first insulating 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 layer deposition (ALD)
processes, and/or any suitable combinations thereof.

[60255] At 8402, 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 first through holes 405 can completely penetrate the first stacked laver
402 and the first insulating connection layer 403, and can extend mto the surface of the

substrate 401, In some embodiments, when the first mask layer 404 15 formed on the

Atty. Dkt No. 4123.0110062

Micron Ex. 1002, p. 336
Micron v. YMTC
IPR2025-00294



- 4G .

surface of the first imsulating connection layer 403, the etching process also etch the first
mask laver 404 to form the first through holes 405,

[60256] In some embodiments, the first through holes 405 can be formed by etching the
first stacked layer 402 and the first insulating connection laver 403 and a subsequent
cleaning process. The etching process o form the first through holes 405 can be a wet
etching, a dry eiching, or a combination thereof. 1t is noted that, i 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 405 in the first region 100,

1662571 At 8403, 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
in FIG. 76, In some embodiments, the firat channel structure 406 can be a polycrystalline
silicon {polysilicon) layer formed by using a selective epitaxial process.

[66258] 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
tayer 407, a first storage layer 408, a first barrier layer 409, and a first passivation layer
410,

60259 As shown in FIG. 77, the first tunneling layer 407 can be formed on the sidewali
of the plurality of first through holes 405 and the exposed surfaces of the first channel

-
I
i

structures 406, The first tunneling layer 407 can be used for generating electronic
charges (electrons or holes). In some embodiments, the first tunneling layer 407 can be
an oxide layer formed by using a deposition process.

[60266] The first storage layer 408 can be formed on the surface of the first tunneling layer
407, The first storage layer 408 can be used for storing electronic 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
polverystalline silicon (polysilicon) or silicon mitride. In some embodiments, the first
storage layer 408 can be a nitride layer formed by using a deposition process.

60261} The first barrier laver 409 can be formed on the surface of the first siorage
fayer 408, The first barrier layer 409 can be used for blocking the outflow of the
electronc charges stored in the first storage layer 408, In some embodiments, the first
barrier layer 409 can be a silicon oxide layer or a combination of silicon oxide/silicon

nitride/sihicon oxide (ONO) layers. In some embodiments, the first barrier layer 409
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mcludes high dielectric constant (high-k} dielectrics (e.g., alumunuom oxide). In one
example, the first barrier layer 409 is an oxide layer formed by using a deposition
ProCess.

60262} As shown in FIG. 78, a first passivation fayer 410 can be formed on the surface of
the {irst barrier layer 409, The first passivation laver 410 can be used for proteciing the
first barrier layver 409 from being damaged in a subsequent rerooval process. Insome
embodiments, the first passivation laver 410 can be an amorphous silicon layer formed by
using a deposition process.

66263} The portions of the first passivation layer 410, the first barrier layver 409, the firsi
storage laver 408 and the first tunneling layer 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 eiching process
and a cleaning process. As such, the first functional layer can be formed on the sidewalls
of the plurality of first through holes 405

60264} In some embodiment, in the same removal process, the first barrier layer 409,
the first storage laver 408, the first tunneling layer 407, and the oxide layver of the first
mask layer 404 located on the surface of the niinide layer of first mask layer 404 can also
be removed. As such, the nitride layer of first mask layer 404 is remained on the surface
of the first insulating connection layer 403.

(30265} At 84035, a second channel structure can be formed on the sidewall of the first
functional layer 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 surface of the second
charmnel structure in each first through hole 4035 can be lower than the fop surface of the
first insulating connection layer 403.

60266} As shown mn FIG. 79, a second channel laver 411 can be formed to cover the
sidewalls of the first passivation layer 410 and the bottom of each of the plurality of first
through holes 405. The second channel layer 411 can also cover the surface of the firgt
msilating conneciion 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 layer formed by using a deposition process.

160267} As shown in FiGs. 80A and 80B, a portion of the second channel laver 411 can be

rermoved, such that the top surface of the second channel layer 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 channel structure 406, In some embodiments, the portion of the second channel
fayer 411 can be removed by using an etching process.

60268} It 1s noted that, in various embodiments, the top surface 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 layer
402, In some embodimenis, the top surface of the second channel struciure can be higher
than the top nitride layer in the first stacked laver 402, as shown in FIG. 80A. In some
alternative embodiments, 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 layer 402, as shown in
FIG. 80B.

60269} At 8406, a first groove can be formed above the first msulating connection
faver 403 above each of the plurality of first through holes 405, 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.

36270} As shown in FIGs. 81A and 81B, the niiride fayer of the first mask layer 404 can
be removed. In some embodiments, the nitride layer of the first mask laver 404 can be
rermoved by using an etching process.

66271} As shown in FIGs. 82A and 82B, the surface of the first insulating connection
fayer 403 can be planarized by anv 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 penetrate 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 eqgual to or less than
the thickness of the planarized first insulating connection layver 403, as shown in
FIG. 82A. For example, the depth of the first groove 412 can be in a range between
30nm 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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166273} 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
in FIG. 82B. That is, a portion of the top nitride layer in the first stacked layer 402 can
also be removed to form the first groove. For example, the depth of the first groove 412
can be in a3 range between 50nm 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 is about 60nm.

(60274} At 8407, a third channel structure 413 can be formed in each of the plurality of
first grooves 412, As shown in FIGs. 83A and 83B, the third channel structure 413 can
be in contact with the second channel structure in each of the plurality of first through
holes 405. In some embodiments, the third channel structure 413 can be a polycrystaliine
silicon player formed by using a deposition process.

060275} A thickness of each third chamnel 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
each third channel structure 413 can be in a range between 50no and 70nyn, preferably
about 60nm. Insome alternative embodiments, the thickness of each third channel
structure 413 can be greater than the thickness of the plananized first insulating
conmection layer 403, as shown in FIG. 83B. For example, the thickness of each third
channel structure 413 can be in a range between 60nm and 80nm, preferably about 70nm.

60276} Referring to FIG. 103B, at S408, a second stacked laver 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 laver pairs, such as silicon oxide lavers and silicon nitride layers.
Similar to the first stacked layer 402 as described above, the multiple oxide lavers {shown
in the areas with dotes) and multiple nitnide layers (shown in the areas with meshes) in the
second stacked laver 414 alternate in a vertical direction. The second stacked laver 414
can inchude any suitable number of layers of the oxide layers and the nitride lavers. In
some embodiments, atotal number of lavers of the oxide layers and the nitride lavers in
the second stacked laver 414 15 equal to or larger than 64.

166277} in some embodiments, the second insulating connection layer 415 can be made by
any suitable insulating material and/or dielectric matenial, such as silicon oxide. It is
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noted that, the material of the second insulaling connection layer 415 can be different
from the material of the nitride fayer i the second stacked layer 414,

60278 Further, in some embodiments, a second mask layer 416 can be formed on the
surface of the second insulating connection layer 415, The second mask laver 416 can
include anitnide layer on the surface of the second insulating connection layer 415,
and an oxide layer 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 insulating connection layer 415, and the second mask laver 416, and
can extend into the surface of the corresponding 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 405 on the substrate
401.

60286} In some embodiments, the second stacked laver 414, the second insulating
connection layer 415, the second mask layer 416, and the third channel straoctures 413 can
be etched to form the plurality of second through holes 417 that penetrate the second
stacked layer 414 and the second insulating connection layer 415, The second stacked
layver 414, the second insulating connection layer 415, the second mask layer 416, and/or
the third channel structure 413 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 417.

(60281} It 18 noted that, each second through hole 417 can extend 1o the surface of the
corresponding third chanunel structure 413, or can extend into the corresponding third
charmnel structure 413, As such, a fourth channel structure formed subsequently in each
second through hole 417 can directly contact the corresponding third channel structure.

(60282} in some embodiments, a maximum difference between the radius of the fop
aperture of each second through hole 417 and the radius of the bottom 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 bottom surface of the second through hole 417 can be no more than 135

nm.
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160283} At 84010, a second functional layver can be formed on the sidewall of each second
through hole 417 In some embodiments, the second {unctional layer can include
a second tunneling layer 418, a second storage layer 419, a second barrier laver 420, and
a second passivation layer 421,

60284} As shown in FIG. 86, the second tunneling layver 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 tunneling fayer 418 can be an oxide
fayer formed by using a deposiiion process.

160285 The second storage layer 419 can be formed on the surface of the second
tunneling layer 418, The second storage layer 419 can be used for storing electronic
charges. In some embodiments, the second storage layer 419 can be a ntiride layer
formed by using a deposition process.

60286} The second barrier layer 420 can be formed on the surface of the second siorage
faver 419. The second barrier 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.

60287} As shown in FIG. 87, a second passivation laver 421 can be formed on the surface
of the second barrier layer 420. The second passivation laver 421 can be used for
protecting the second barner laver 420 from being damaged in a subseguent removal
process. In some embodiments, the second passivation layer 421 can be an amorphous
siticon fayer formed by using a deposition process.

(60288} As shown in FIG. 87, the portions of the second passtvation layer 421, the second
barrier layer 420, the second storage laver 419, the second tunneling laver 418, and the
third channel structure 413 between each second through hole 417 and the corresponding
first through hole 403 can be removed. In some embodiments, the removal process can
imclude an etching process and a cleaning process. In some embodiments, the portions of
the second passivation layer 421, the second barrier layer 420, the second storage layer
419, the second tunneling layer 418, the oxide laver of the second mask layer 416 that are
focated on the nitride layer of the second mask layver 416 can also be removed by the
same removal process.  Assuch, the second functional layer can be formed on the
sidewall of each second through hole 417, and each second through hole 417 and the

corresponding {irst through hole 405 can be intercormected with each other.
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60289} In some embodimenis, the portions of the second barrier 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. 48, 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 layer 410 can be removed. In some
embodiments, the second tunneling structure, the third tunneling structure, the second
passivation layer 421, and the first passivation laver 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 interconmecting
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 inr 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 swrface of the first filling structure.

160292} As shown in FIG. 90, a fourth channel laver 428 can be formed to cover the
sidewall and the bottom surface of each 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 fourth channel layer 428 can also cover the top surface of the nitride laver of the
second mask fayer 416, In some embodiments, the fourth channel layer 428 can be
an amorphous stlicon fayer formed by using a deposttion process. In some embodiments,
the fourth channel structure 428 includes a joint channel structure that is sandwiched
between the first stacked laver 402 and the second stacked layer 414, and covers the
exposed surface of the first insulating connection layer 403,

066293} As shown in FIG. 91, a second filling layer 429 can be formed to cover the fourth
channe! layver 428. In some embodiments, the second filling laver 429 can include one or
more airgaps in each third through hole 417. In some embodiments, the second filling
tayer 429 can be an oxide layer formed by using a deposition process.

100294] As shown in FIG. 92, a third 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 layer 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.

[60295] As shown n FIG. 93, the third mask laver 430 can be removed. Using the
remaining second filling layer 429 in the first region 100 as a mask, the fourth 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 layer 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 filhng layer 432 can also cover the exposed surface of the
first insulating 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
embodiments, 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 layer 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
channel 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, Itis
noted that, a portion of the third filling layer 432 can also be removed by the same eiching
process.

166298} As shown in FIG. 96, a first filling layer 434 can be formed in each fifth through
hole 433 in the first region 100, and in each fourth through hole 431 in the second region
200 and the third region 300. The material of the first filling laver 434 can be the same
maierial of the third filling laver 432,

(00299} As shown in FIG. 97, a portion of the first filling layver 434 can be removed by
using an etching process, such that the top surface of the first filling laver 434 in each
fifth through hole 433 or fourth through hole 431 is lower than the top swrface of the
second insulating connection layer 415, The remaining portion of the first filling layer
434 in each fourth through hole 431 or fifth through hole 433 can form the first filling

structure.
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160366 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 mask layer 416 can be
removed by using an etching process. The remaining portion of the fourth channel layer
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 channel 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.

603061 1t 1s 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 iop surface of the fourth channel structure is not lower
than the top surface of the fop oxide layer in the second stacked layer 414, 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 laver 414

66302} At S4013, 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

(30303} As shown in FIG. 99, the fifth channel structure 435 can be formed in the second
groove that is on the fourth channel siructure and the first filling structure in each fifth
through hole 433 in the first region 100. The fifth channel structure 435 can also be
formed in the second groove that 1s on the first filling structure in each fourth through
hole 431 in the second region 200 and the third region 300

160304] As shown in FIG. 100, the nitride layer of the second mask layer 416 can be then
removed by an etching process. As shown in FiGs. 101A and 101B, the top surface of
the second msulating connection layer 4135 and the top surface of the plurality of fifth
chamne! structures 435 can be planarized by any switable techniques, such as backside
grinding, and/or chemical mechanical polishing (CMP}.

60305} 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 operuing struchure can have alarge 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 3D memory
device can simultanecusly form a plurality of channel holes, staircase dummy holes, and
through array contact barriers, resulting in an efficient process capability control, a
simplified process complexity, and a reduced cost.

30386} In some embodiments, the present disclosure also provides another three-
dimensional memory device formed by using the above disclosed method as shown in
FiGs. 101A and 101B. The three-dimensional memory device can include a first region
for forming a plorality of channel holes, a second region for forming a plurality of
staircase siructure (88) dummy 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.

30387} A first stacked laver including a plurality of oxide/nitride layer pairs, such as
silicon oxide layer and silicon nitride laver pairs, is formed on a substrate. A first
msulating connection laver is formed on the first stacked layer. A plurality of first
through holes penetrating the first stacked layer and the first insulating connection laver
and extending into the surface of the substrate are formed in the first region, the second
region, and the third region.

30308} A first channel structure 1s formed on the surface of the sobsirate exposed by each
first through hole. A first functional layer is 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 15 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 swrfaces of the
second channel struciure and the first filling structure are lower than the top surfaces of
the first insulating connection layer.

60309} A first groove is formed in the first insulating 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 phurality of first grooves on the substrate
completely covers a projection of the corresponding first through hole on the substrate.
Athird channel structure in contact with the second channel structure i the

corresponding first through hole 1s formed in each first groove.
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663190} A second stack laver including a plurality of oxide/nitride layer pairs, such as
siticon oxide layer and silicon nitride layver pairs, is formed on the top surfaces of the first
msulating connection layer and the plurality of third channel structures. A second
msulating connection laver is formed on the second stack layer. A plurality of second
through holes penetrating through the second stacked layver 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.

166311} A second functional laver is formed on the sidewall of each second through hole.
A fourth channel structure is formed on the sidewall of the second functional laver and
the boitom surface of each second through hole in 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.

166312} in the first region. a fifth channel structure in contact with the fourth channel
structure 1s formed in a second groove in each second through hole that is swrrounded 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 chamnel structure 1s
formed in a second groove in each second through hole that is surrounded by the second
functional layer, and above the second filling structure.

{60313} Due 1o the fourth channel struciures 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 in the corresponding first through hole, while the {ifth channel structure in each
second through hole i the third region can be electronically insulated with the first
channe! structure in the corresponding first through hole. Thus, in the three-dimensional
memory device, a plurality of channel holes can be formed in the first region, and a
plurality of through array contact {TAC) barriers can be formed in the third region. The
plurality of staircase structure dunmwoy holes 1n the second region can have a supporting

function of the staircase structure.

Atty. Dkt No. 4123.0110062

Micron Ex. 1002, p. 347

Micron v. YMTC
IPR2025-00294



- GO -

(66314} In some embodiments, as shown in FIG. 101A, in each channel hole in the first
region, a thickness “b” of the first insulating connection layer, which is the distance
between the top niiride laver of the first stacked layer and the bottom nitride layer of the
second stacked layer can be in a range between 80nm and 100nm, preferably abowt S0nm.
A thickness “¢” 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 layer, which is the
distance between the top minde laver of the {irst stacked layer and the botiom minde
tayer of the second stacked layer can be in a range between 20nm and 40nm, preferably
about 30nm. A thickness “¢” of the third channel structure can be in a range between
50nm and 70nm, preferably about 60nm.

(66316} 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 bottom aperture of the fourth channel structure can be within 15nm.
Accordingly, the disclosed channel hole having a joint opening structure can have a large
aspect ratio and a limited top-bottom aperture error.

60317} In some embodimentis, a replacement process can be performed fo replace each of
the plurality of nitride lavers in the first stacked laver 402 and the second stacked
faver 414 with a conductive layer 440, as shown in FIGs. 102A and 102B. The
conductive laver can include any suitable material that is electronically conductive,
inchuding, 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 in the first region and the second region can be alternating
conductive/diglectric stack, while the first stacked layer and the second stacked layer in
the third region can be alternating oxide/nitride stack.

160319 In some embodiments, during the replacement process, a portion of the third
chanmnel structure 413 that 15 adjacent with the bottom nitride laver of the second stacked

laver 414, or is adjacent with the top nitride laver 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 i FIGs. 102A and
1028, athickness “c” 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.

60326} The provision of the examples described herein {(as well as clauses phrased as
"such as," "eg." "including," and the like) should not be interpreted as limiting
the claimed subject matter to the specific examples; rather, the examples are intended 1o
tlustrate 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 constitiients. The words "comprise” or "include” and the like mean that the
elements or objecis preceding the word can cover the elements or objects listed afler the
word and their equivalents, without excluding other elements or objects. The words
"connect” or "link" and the like are not limited to physical or mechanical connections, but
can include electrical connections, either directly or indirectly.

68322} Although the present disclosure has been described and iltustrated in the foregoing
tlustrative embodiments, it 1s understood that the present disclosure has been made only
by way of example, and that numerous 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 ondy limmted by the claims which follow. Features of the disclosed
embodiments can be combined 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.
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