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PTO/AIA/L5 {16-17}

Approved for use through 11/30/2017. OMB 0651-0032

8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895 no persons sre required to respond 1o a coliection of information uniess it displays a vaslid OMB cantrol number.

4 UTILITY Attorney Docket No. 4123.0190001

PATENT APPLICATION First Nomed Inventor  [{(ian TAO
TRANSMITTAL Title See 1 in Addendum

Priority Mail Fxpress®

\ (Only for new nonprovisional applications under 37 CFR 1.53{b}} Labe! No. j
APPLICATION ELEMENTS Commissioner for Patents
See MPEP chapter 600 concerning utility patent opplication contents. ADDRESS TO P.O. Box 1450

Alexandria, VA 22313-1450
1.[_] ree Transmittal Form ACCOMPANYING APPLICATION PAPERS

{PTQ/SB/17 or equivalent)

2 D Applicant asserts small entity status. 10.{ | Assignment Papers

See 37 CFR 1,27 {cover sheet & document(s})
3. D Applicant certifias micro entity status, See 37 CFR 1,29 Name of Assignee -

Appiicant must attach form PTO/SE/15A or B or equivalent. Yangize Memory Technologies Co., Lid.
4, Specification [Total Pages 36 ] 11 37 CFR 3.73{c} Statement Power of Attorney

8oth the claims and abstract must start cn a new page.
{See MIPEP § 608.01{a) for information on the preferred arrangement)} 12

5. Drawingis} (35 U.5.C. 113) [Tota! Sheets 18 i

{when there is an ussignes}

English Translation Document

1O O

__________________________ {if appiicabie)
6. inventor's Oath or Declaration {Totol Pages _ 13, information Disclosure Statement
{including substitute statements under 37 CFR 1.64 and a (PTO/SB/CS or PTO-1443}

serving as an oath or deciaration under 37 CFR 1.63{e, . PR e
Vs ’ 3el) D Copies of citations attached

a. E Newly executed {original or copy) Preliminary Amendment

A

B.l | Acopyfrom a prior application {37 CFR 1.63(d})
7. Application Data Shest  * See note below.
See 37 CFR 1.76 {PTG/AIA/ 14 or equivalent)

8. CB-ROM or D-R
in duplicate, large table, or Computer Program (Appendix} 17.

Return Receipt Postcard
{(VIPEP § 503) (Should be specifically itemized)

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

NN

. Monpublication Reguest
E tandscape Table on CD Under 35 15.5.C. 122(b}{2)(B){i). Applicant must attach form PTO/SR/3S
ar equivalent.

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

9. Nucleotide and/or &mino Acld Sequence Submission
{if applicable, items o, - ¢. are required) 18.

=

a. i Computer Readable Form {CRF}

b. D Specification Sequence Listing on:
i. | CD-ROM or CO-R {2 copies); or

ii.D Paper

c. D Statements verifying identity of above copies

*Mote: {1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet {ADS).
{2} For applications filed under 35 U.S.C. 111, the application must contain an ADS specifving the applicant if the applicant is an
assignee, persen to whem the inventor is under an obiigation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46{h}.
19. CORRESPONDENCE ADDRESS
The address associated with Customer Number: 26111 OR D Correspondence address below
Narme
Address
City State Zip Code
Country Telephone Email
7 - <
Signature /Donald J. Featherstone/ Date 7/27/18
Name Registration No.
L (Print/Type) Donald J. Featherstone (Attorney/agent) 153,876 )

This collection of information is required by 37 CFR 1.53{b). The information is required to obtain or retain 3 benefit by the public which is to file {and by the USPTO
tc process) an application. Confidentality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This colle s estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Tirme will vary depending upon the individual case. Any comments on
the amount of time you require ta complete this form and/or suggestions far 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
T0: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

9714857 if you need assistance in completing the form, cail 1-800-PTO-8199 and seiect option 2.
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Addendum

1. THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES
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TR STERNE KESSLER GOLDSTEIN & FOX

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

July 27,2018

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

Re:  U.8. Non-Provisional Patent Application under 37 C.F.R. § 1.53(b}
{Continmation of Appl. No. PCT/CN2018/085421; Filed: May 3, 2018)
Appl. No. To Be Assigned, Filed: Herewith
For: THROUGH ARRAY CONTACT (TAC) FOR THREE-
DIMENSIONAL MEMORY DEVICES
Inventors: TAQC et al.
Our Ref: 4123.0190001

Commissioner:

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

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

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

3. UK. Utility Patent Application entitled:

THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL
MEMORY DEVICES

and naming as inventors:

(ian TAQO
Yushi HU
Zhenyu LU

Li Hong XIAQ
Xisowang DAL
Yu Ting ZHOU
Zhao Hui TANG
Mei Lan GUO
ZhiWu TANG
Qinxiang WEL

Starem, Kesehy, Qolddaln & St RLLL

T OTHIO Now York Seonie, MWD Wanhingl, B0 Jo008

P IORITLIN0N | F20R 0 aney | vernhovshwoom
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Commussioner for Patents
July 27, 2018
Page 2

Sha Sha LIV
Jian Hua SUN
Enbo WANG

the application consisting of’

a. Au Application Data Sheet 37 CF.R. § 1.76) (PTO/ALA/14);

b. A specification containing:
i. 31 pages of description prior to the claims;
ii. 4 pages of claims (20 claims);
it a one (1) page abstract;

C. 15 sheets of drawings: (Figures {4-1( and 2-13);

4. An executed Power of Attorney by Applicant form (PTO/AIA/82B) and
the Transmittal for Power of Attorney form (PTG/ATA/S2ZA).

The above-listed documents are filed electronically.
Correspondence should be sent to Customer Number 26111,

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

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

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

DIE/Y-Glias
Enclosures 9714852 1.docx
Staenn, Kevehe Qoldsieh & FauRBLLA | 130 Now York Svone W L Washington, (00 30008

P IORITLIN0N | F20R 0 aney | vernhovshwoom
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Electronic Acknowledgement Receipt

EFS ID: 33301095
Application Number: 16047182
International Application Number:
Confirmation Number: 7800
Title of Invention: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY
DEVICES
First Named Inventor/Applicant Name: Qian TAO
Customer Number: 26111
Filer: Donald J. Featherstone
Filer Authorized By:
Attorney Docket Number: 4123.0190001
Receipt Date: 27-JUL-2018
Filing Date:
Time Stamp: 11:28:38
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:

2368256

41230190001 _Utility_Applicati

on_FILING_signed.pdf yes 71

897e0027762ccf2c0ff7foef5743706bb32de]
5%
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 70 71
Drawings-only black and white line drawings 55 69
Abstract 54 54
Claims 50 53
Specification 19 49
Application Data Sheet 6 18
Authorization for Extension of Time all replies 5 5
Transmittal of New Application 3 4
Miscellaneous Incoming Letter 1 2
Warnings:
Information:
Total Files Size (in bytes){ 2368256

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.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no persons are required {o respond to a collection of information unless it displays a valid OMB controi number.

%

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) to 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/AIAS2E 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

First Named Inventor

Xiao Jun WANG

Title METHODS FOR REPAIRING SUBSTRATE LATTICE AND SELECTIVE
EPITAXY PROCESSING
Art Unit To Be Assigned

Examiner Name

To Be Assigned

Attorney Docket Number 14123.0290001

SIGNATURE of Applicant or Patent Practitioner
Signature /Donald J. Featherstone/ Date (Optiona) 7/27/18
Name Donald J. Featherstone Registration 33,876

Number

juristic entity)

Title (if Applicantis a Attgrney for Apphcant

Applicant Name (if Applicant is a juristic entity)

Yangize Memory Technologies Co., Lid.

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

*Total of QN gj } forms are submitted.

This collection of information i3 required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO 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 1o 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.

if you need assistance in completing the form, call 1-800-PTO-8199 and sefect option 2.
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ABSTRACT

Embodiments of interconnect structures of a three-dimensional (313} memory device and
method for forming the interconnect structures are disclosed. In an example, a 3D NAND
memory device includes a sericonductor substrate, an alternating layer stack disposed on the
semiconductor substrate, and a dielectric structure, which extends vertically through the
alternating layer stack, on an isolation region of the substrate. Further, the alternating layer stack
abuts a stdewall surface of the diglectric structure and the dielectric structure is formed of a
dielectric material. The 3D memory device addiionally includes one or more through array
contacts that extend vertically through the dielectric structure and the 1solation region, and one or

more channel structures that extend vertically through the alternating layer stack.
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WHAT IS CLAIMED IS:

I. A three~dimensional (3D} memory device, comprising:

a semiconductor substrate;

an alfernating layer stack disposed on the semiconductor substrate;

a dielectric structure on an isolation region of the substrate and extending vertically
through the altemating laver stack, wherein the altemating layer stack abuts a sidewal] surface of
the dielectric structure and the dielectric structure s formed of a dielectric matenal;

one or more through array contacts (TACs) extending vertically throngh the dielectric
structure and the 1solation region; and

one or more channel structures extending vertically through the altemating layer stack.

2. The 3D memory device of claim 1, further comprising:

an epitaxial layer formed between each of the one or more channel structures and the
semiconductor substrate;

an etch stop plug disposed on each of the one or more channel structures;

a staircase structure disposed in the alternating layer; and

one or more contact layers disposed on the one or more TACs, channel structures, and slit

structures.

3 The 3D memory device of claim 1, wherein the dieleciric structure abuts a sidewall

surface of the TACs.

4. The 3D memory device of claims T or 2, wherein the 3D memory device is a NAND 3D

memory device.

5. The 3D memory device of claim 1, wherein the alternating layer stack comprises

alternating pairs of a dielectric and a conductor layer.

6. The 3D memory device of claims |, wherein the dielectric matenial is silicon oxide.
7. The 3D memory device of claimns 1 or 3, wherein the dielectric structure comprises an
oxide.
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8. The 3D memory device of claim 1, wherein the dielectric structure defines a through

array contact region within the 3D memory device.

9. The 3D memory device of claim 1, wherein the dielecinic structure has a footprint equal

to or smaller than the isolation region.

10, A method for forming a 3D memory device, the method comprising:

forming an isolation structure on a substrate;

disposing an alternating dielectric layer stack on the substrate, the altemating dielectric
laver stack comprising pairs of a first diefectric layer and a second dielectric layer different from
the first dielectnic layer;

forming a chamnel structure extending vertically in the alternating dielectric layer stack;

forming an opening in the aliernating dielectric layer stack, wherein the opening exposes
the isolation structure;

filling the opening with a dielectric layer to form a dielectric structure as a through array
contact (TAC) region of the 3D memory device;

removing portions of the dielectric structure and the isclation structure wntil the substrate
1s exposed to form a TAC opening that vertically extends through the dielectric structure and the
wsolation structure; and

filling the TAC opening with a conductor to form a TAC siructure in the TAC region,

wherein the TAC structure is in contact with the substrate.

1L The method of claim 10, wherein before forming the TAC opening the method further
comprises:
forming slit opemings extending vertically in the aliemating dielectric layer stack, wherein

the slit openings expose a doped region of the subsirate;

replacing the second dielectric layer through the one or more slit openings with a
conductor layer to convert the aliernating dielectric layer stack to an alternating
dielectric/conductor laver stack; and

filling the one or more slit openings with a conductor to form one or more slit structures

extending vertically in the alternating dielectric/conductor layer stack.
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12 The method of claim 10, wherein before forming the channel structure performing a trim-

etch process to form a staircase structure in the altemating dielectric layer stack.

13 The method of claim 10, wherein filling the opening with the dielectric layer comprises
depositing the dielectric laver with a chemical vapor deposition, a plasma-enhanced chenucal

vapor deposition, or a physical vapor deposition process.

14 The method of ¢claim 10, wherein filling the opening with the dielectric laver comprises

forming an oxide.

15, The method of claim 10, wherein the first dielectric layer comprises an oxide and the

second dielectric layer comprises a niiride.

16, A three~-dimensional (3D} memory device, comprising:

a substrate with an isolation structure;

an alternating conductor/dielectric layer stack disposed on the substrate;

a dielecinc structure on the isolation structure and extending vertically through the
alternating conductor/dielectric layer stack, wherein the altemnating conductor/dielectric laver
stack abuts a sidewall surface of the dielecinic structiwe and the dielectric structure is formed of a
dielectric material;

channel structures extending vertically through the altemating conductor/dielectric layer
stack; and

through array contacts {TAC) extending vertically through the diglectric and the isolation

structures.

17. The 3D memory device of claim 16, further comprising:

a staircase structure disposed in the alternating conductor/dielectric layer stack, wherein
the staircase structures comprises levels with each level having a conductor layer thereon;

a word hime contact disposed on each conductor layer of the staircase structure; and

a local contact disposed on each channel structure and shit structure.
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8. The 3D memory device of claim 16, wherein the dielectric structure abuts a sidewall of

the each TAC.

19. The 3D memory device of ¢laim 16, wherein the dielectric structure comprises a through

array contact region of the 313 merory device.

20. The 3D memory device of claim 16, further comprising:
an etch stop plug interposed between each local contact and each channel structure; and

an epitaxial layer disposed between each channel structure and the substrate.
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THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL
MEMORY DEVICES

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the priority of PCT Patent Application No.
PCT/CN2018/085421 filed on May 3, 2018, the entire content of which is

incorporated herein by reference.
TECHNICAL FIELD

{3001} The present disclosure generally relates to the field of semiconductor technology, and
more particularly, to a channel hole plug struchure of three-dimensional (313} memory devices

and a method for forming the same.
BACKGROUND

[3802] Planar memory cells have been continuously scaled down from one technology
generation to the next by improvements in circuit design, fabrication integration, and fabrication
process. However, as the feature sizes of the memory cells continuously shrink, the density for
planar memory cells increases. Consequently, the fabrication technigues can become challenging

and costly.

[0003] A three-dimensional (3D3) memory architecture (e.g., planar memory cells stacked on
top of each other) can address the density limitation of planar memory cells. The 3D memory
architecture includes a memory array and peripheral devices for controlling signals to and from

the memory array.
BRIEF SUMMARY

[0804] Embodiments of 3D memory and fabrication methods thereof are disclosed herein.

[3805]  According to some embodiments of the present disclosure, a 3D NAND memory device
includes an alternating laver stack with a staircase structure and one or mwore dielectric structures
surrounded by the alternating layer stack. The alternating layer stack can include a stack of
aliernating conductor and dielectric layers, and the dielectric structures can include a single
diclectric laver. The memory device further includes multiple vertical structures that extend

vertically through the alternating conductor/dielectric stack, and nultiple vertical structures that
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extend vertically through the dielecinic structures. By way of example and not limitation, vertical
struciures extending vertically through the allernating conductor/dielectric stack can include
“chanmel” structures and “shit” structures. Vertical structures extending vertically through the
dielectric structures can include through array contact structures, referred to herein as “through

array contacts” (“"TAC” structures or “TACs™).

[0006] Additional elements of the 3D NAND memory device can include an etch stop layer
disposed on each channel structure and a first contact layver with a plurality of first contacts. For
example, each of the first contacts can be formed to physically connect {o a respective conductor
layer from each alternating conductor/diclectric stack in the staircase structure, a respective efch

stop laver of the channel structures, and a respective shit structure.

10007]  In some embodiments, the etch stop laver includes polysilicon {e.g., polycrystalline
sticon or “poly™y, titanium (Ti), titanium nitride (TiN), tungsten (W)}, or combinations thereof.
Further each of the plurality of conductor/dietectric layer pairs can include a metal and a silicon
oxide (8i0,) laver. The aforementioned materials are exemplary and are not imiting. As such,

other appropriate materials can be used.

{6008} In some embodiments, the memory device includes dummy {e.g., electrically non-
functional} channel structures extending vertically through the aliernating conductor/dielectric

stack.

10009]  In some embodiments, the memory device includes a second contact layer over the first
contact layer and a third contact laver over the second contact layer. The second and third contact
lavers imclude respective second and third contacts. Some contacts of the third contact layer, via
the respective second and {irst contacts, are electrically connecied to the conductor layers from
the alternating conductor/dieleciric stack in the staircase structure, and to the channel and slit
structures. In some embodiments, the first, second and third contact layers form an interconnect
network for the 3D NAND memory device. The mterconnect network can be used to transfer

electrical signals between the various components of the 30 NAND memory device.

[3018] According to some embodiments of the present disclosure, a method for forming a 3D
NAND memory device is disclosed herein. For example, an alternating dieleciric stack can be
formed over a substrate. The alternating dielecinic stack can include a plurality of dielectric layer
pairs, where each pair includes a first dielectric laver and a second dielectric layer different from

the first dielectric layer. A first staircase structure can be subsequently formed in the alternating
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diglectric stack. Subsequently, channel structures and a dielecinc structure—each extending

vertically through the alfernating dielectric stack—are formed.

{0011}  In some embodiments, the dielectric material of the dielectric structure can be the same
as the material of the second dielectric layer in the alternating dielectric stack. A sacrificial eich
stop fayer can be disposed on each channel structure. Slit openings extending through the
alternating dielectric stack are subsequently formed and the first dielectric layers of the
alternating dielectric stack are replaced with conductor layers through the shit openings to forma
plurality of conductor/dielectric layer pairs. The slit openings are then filled with a conductor
material. Further, a first contact layer with a phurality of first contacis can be formed so that each
first conductor layer from the altermating conductor/dielectric stack in the first staircase structure
is connected to a first contact. Additionally, each channel and shit structure can also be connected
to a respective first contact of the first contact layer. In some embodiments, and prior to the
formation of the {irst contact layer, the sacrificial eich stop layer over each channel structure can

be replaced with a “permanent” etch stop layer.

{6812} In some embodiments, TAC openings are etched through the dielaciric siructure and
subsequently filled with a metal to form respective TAC structures that extend through the
dielectric structure and a portion of the substrate. Tn some embodiments, TAC structures are part
of the first contact layer. In other words, the TAC structures can be formed concurrently with the

first contact fayer.

[6813] In some embodiments, a second contact layer with a plurality of second contacts can be
formed over the first contact layer. Second contacts can be connected to respective first contacts

of the first contact layer.

[6814] In some embodiments, a third contact layer with a plurality of third contacts can be
formed over the second contact layer. The third contact layer, via the respective second and first
contact layers, can electrically connect to the various components of the memory device
including the first conductor layers of the altemating conductor/dielectric stack in the first

staircase structure, the channel structures, and the slit structures.
[B015]  Insome embodiments, prior to forming the slit structure, a doped region can be formed
in the substrate. The slit structure can be in contact with the doped region.

[0016] In some embodiments, the permanent etch stop layer includes one or more of

polysilicon, titanium, titanium nitride, and tungsten. The dielectric structure can include silicon
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oxide. Each of the pharality of dielectric layer pairs can include a silicon oxide layer and a silicon
nitride layer. Each of the plurality of conductor/dielectric laver pairs can inchude a metal layer

and a silicon oxide layer.

I8617] Further features and advantages of the invention, as well as the siructure and operation
of various embodiments of the invention, are described in detail below with reference 1o the
accompanying drawings. It1s noted that the invention is not limited fo the specific embodiments
described herein. Such embodiments are presented herein {or illusirative purposes only.
Additional embodiments will be apparent 1o persons skilled in the relevant ari{s) based on the

teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0618] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate embodiments of the present disclosure and, together with the description,
further serve to explain the principles of the present disclosure and to enable a person skilled in

the pertinent art to make and use the present disclosure.

[0819] FIGs. 1A-1C llustrate various regions of a 3D memory device in the plan-view,

according to some embodiments of the present disclosure.

{0028} FIG. 2 illustrates a cross-section of a 3D memory device, according to some

embodiments of the present disclosure.

{6621} FIG. 315 a flowchart of an exemplary method for forming a 3D memory device,

according to some embodiments of the present disclosure.

[6022] FIGs. 4-13 illustrate an exemplary fabrication process for forming a 3D memory

device, according to some embodiments of the present disclosure.

3023} The features and advantages of the present disclosure will become more apparent from
the detailed description set forth below when taken in conjunction with the drawings, in which
like reference characters identify corresponding elements throughout. In the drawings, like
reference numbers generally indicate identical, functionally similar, and/or structurally similar
elements. Additionally, generally, the left-most digit(s) of a reference number identifies the
drawing m which the reference number first appears. Unless otherwise mdicated, the drawings

provided throughout the disclosure should not be interpreted as to-scale drawings.
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DETAILED DESCRIPTION

{0024}  Although specific configurations and arrangements are discussed, it should be
understood that this is done for ithustrative purposes only. A person skilled in the art will
recognize that other configurations and arrangements can be used without departing from the
spirtt and scope of the present disclosure. It will be apparent to a person skilled in the art that the
present disclosure can also be employed in a variety of other applications.

I0025] It is noted that references in the specification to “one embodiment.” “an embodiment,”

99 ¢s

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

other embodiments whether or not explicitly describad.

{3026} 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 m a singular sense or may be used to
describe combinations of features, structures or characteristics in a plural sense. Sinularly, terms,
such as “a,” “an,” or “the,” agaim, may be understood to convey a singular usage or 1o convey a

plural usage. depending at least in part upon context.

160271 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 alayer 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 (1.e., directly on something).

[6028] Further, spatially relative terms, sach 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

n addition to the onentation depicted in the figures. The apparatus may be otherwise onented
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{rotated 90 degrees or at other orientations} and the spatially relative descriptors used herein may

likewise be mterpreted accordingly.

{00291 As used herein, the terro “substrate” refers 1o a matenal onto which subsequent material
{ayers are added, or otherwise “disposed.” The substrate itself can be patterned. Materials
disposed on {e.g., on top) the substrate can be patterned or can remain unpatterned. Furthermore,
the substrate can include a wide array of semiconductor materials, such as silicon, germanium,
galliuro 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.

{6038} 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 overlving structure, or may
have an extent less than the extent of an underlying or overlying structure. Further, a layer can be
a region of a homogeneous or inhomogeneous continuous structure that has a thickness less than
the thickness of the continuous structure. For example, a layer can be located between any pair of
horizontal planes between, or at, a top surface and a bottom surface of the continuous structure.
As used herein, the term “top surface” or “front side” of a structure, a layer, or an element refers
1o a surface where subsequent elements or structures can be formed thereon. Conversely, as used
herein, the term “bottom surface” or “backside™ refers to the side of the structure, layer, or
element that 1s opposite to the top surface. It is noted that the terms “iop swrface” or “front side”
and “bottom surface™ or “backside” are used merely for description purposes and not to limit the
orientation of the elements, lavers, or structures. A layer can extend horizontally, vertically,
and/or along atapered surface. A substrate can be alaver, can include one or more layers therein,
and/or can have one or more layer thereupon, thereabove, and/or therebelow. A layer can include
mudtiple layers. For example, an interconnect layer can include one or more conductor and
contact layers (in which contacts, mmterconnect lines, and/or vias are formed) and one or more

dielectric layers.

0031} As used herein, the term “nonunal/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 shight variations in manufacturing processes or tolerances. As used
herein, the term “about” indicates the value of a given gquantity that can vary based on a particular

technology vode associated with the subject semiconductor device. Based on the particular
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tachnology node, the term “about” can indicate a value of a given gquantity that varies within, for

example, 10-30% of the value {e.g., +10%, £20%, or £30% of the value)}.

[0032]  As used herein, the terro 3D memorv device” refers to a semiconductor device with
vertically-oriented strings of memory cell transistors (veferred 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 normnally perpendicular to the lateral surface of a substrate.

6033} Various embodiments in accordance with the present disclosure provide a 3D memory
device with interconnect structures for a memory array {(also referred to herein as an “array
device™). The interconnect structures allow contacts to various memory array siructures {e.g.,
WNAND strings, gate line slits, word lines, etc ) to be fabricated in a limited number of steps {e.g,,
in a single step or in two steps), thereby reducing the process complexity and manufacturing cost.
In some embodiments, the interconnect structures disclosed herein include bit lines in the top
interconnect laver, which are suitable for those 3D memory architectures where the array device
and a peripheral device are formed on different substrates and are subsequently joined by hybrid

bonding in a “face-to-face” configuration.

[0634] Moreover, the inferconnect stractures disclosed herein can include TAC structures for
providing vertical interconnects between the stacked array device and a peripheral device (e.g.,
for power bus and metal routing), thereby reducing metal levels and shrinking die size. In some
embodiments, the TAC siructures, as part of the interconnect structures, are formed within
“single-material” dielectric structures {e.g., dielectric structures that are made of a single
dielectric as opposed to a stack of alternating dielectric layers}. According to some embodiment,
forming TAC structures in a single-material dielectric structure is advantageous compared to the
formation of TAC stroctures in a stack of alternating dielectric layers in terms of etching

capability and cost.

100835]  According to some embodiments, FIGs. 1A-1C are plan-views of varicus exemplary
regions of a 30 memory device along a bit line (BL) and a word line (WL} direction as denoted
by respective axes labeled BL and WL. For example, FIG. 1A is a plan-view of an exemplary
WL TAC region 102 of the 3D memory device. TAC region 102 includes NAND string regions
110, a TAC region 120, and top selective gate (TSG) staircase regions 130. NAND string regions

110 can include an array of NAND strings 112, each mmcluding a pluralily of stacked memory
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celis. TSG staircase regions 130 can be disposed on the sides of NAND string regions 110 and
adjacent to TAC region 120 m the plan-view. TSG staircase regions 130 can include an array of
TSG contacts 132 formed on a staircase structure having two levels or more. TSG contacts 132
can be electrically connected to the top selective gates of NAND strings 112 in NAND string

region 110 through a network of imnterconnect contacts not shown in FIG. 1A.

[6036]  In some embodiments, TAC region 120 is between two TSG staircase regions 130 in
the WL direction of the 3D memory device. TAC region 120 can be defined by a single-matenal
diglectric structure 124, Multiple TAC structures 126 can be formed within TAC region 120 in
diglectric structure 124, In some embodiments, dummy {e.g., non-electrically {onctional} channel
structures 122 are formed outside TAC region 120 to provide mechanical support to the memory
array structures. By way of example and not imitation, dummy channel structures 122 can be
formed in any regions owtside TAC region 120, for example, along the edges of NAND string
regions 110 adjacent to TSG staircase regions 130. As shown in FIG. 1A, WL TAC region 102
can also inchude a plurality of slit structures 114 with each extending in the WL direction. At
least some slit structures 114 can function as the common source contact for an array of NAND
strings 112 in NAND siring regions 110, According to some embodiments, slit structures 114 can

divide the 31 memory device into multiple memory blocks.

168371 FIG 1B is a plan-view of an exemplary bit line (BL} TAC region 104 of the 3D
memory device, including NAND string regions 110 and a TAC region 120. NAND string
regions 110 can include an array of NAND strings 112, each including a plurality of stacked
memory cells. In some embodiments, TAC region 120 is disposed between two NAND string
regions 110 in the bit line direction of the 3D memory device (labeled as “BL” in FiGs. 1A-1().
TAC region 120 can be defined by a single-material dielectric structure 124. More than one TAC
structures 126 can be formed in TAC region 120 within dielectric structure 124, as shown in FIG.
1B. Further, BL TAC region 104 can also include shit structures 114 with each extending in the
WL direction. At least some slit structures 114 can function as the common source contact for an
array of NAND strings 112 in NAND string regions 110, Slit structures 114 can also divide the
3D memory device into multiple mermory blocks. In some embodiments, durony (e g, non-
electrically functional} channel structures 122 are formed in part of NAND siring regions 110,

for example, in the memory areas that are adjacent to TAC region 120 in the bit line direction.

[6038] FIG. 1C 1 aplan-view of an exemplary statrcase TAC region 106 of the 31 memory

device, including a NAND string region 110, a staircase region 140, and a TAC region 120,
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NAND string region 110 can include an array of NAND strings 112, each inchuding a plurality of
stacked memory cells. Staircase region 140 can include a staircase structure and an array of WL
contacts 142 formed on the staircase structure. In some embodiments, TAC region 120 can be
formed in staircase region 140. TAC region 120 is defined by the single-material dielectric
structure 124. Multiple TAC stractures 126 can be formed within TAC region 120 in single-
material dielectric structure 124, As shown in FIG. 1C, staircase TAC region 106 can also
include slif structures 114 with each extending in the WL direction. At least some slit structures
114 can function as the common source contact for an array of NAND strings 112 in NAND
string region 110, Shit structures 114 can also divide the memory device into multiple memory
blocks. In some embodiments, dummy {e.g., non-electrically functional) channel structures are

formed in staircase region 140 outside TAC region 120 (not shown in FIG. 1().

[6039] FIG. 2 is a cross-sectional view of an exemplary 3D memory device 200, according to
some embodiments of the present disclosure. 3D memory device 200 can include a substrate 202.
Substrate 202 can include single crystalline silicon (81} or another elementary semiconductor
such as, for example, {i) germanium (Ge); (i1} a compound semiconductor including silicon
germanium {SiGe), silicon carbide (81C), gallium arsenide (GaAs), gatlium phosphide {GaP),
indiom phosphide(InP). indium arsenide (InAs), and/or indium antimonide (InSb); (ii1) an alloy
semiconductor including gallivm arsenide phosphide (GaAs?P), aluminum indium arsenide
{AllnAs), aluminum gallium arsenide (AlGaAs), galliom indium arsenide {GalnAgs), gallium
indium phosphide (GalnP), and/or gallivm indium arsemde phosphide (GalnAsP); or (iv)
combinations thereof Further, substrate 202 can be a “semiconductor-on-insulator” wafer, such
as silicon on insulator (SO or germanium on inswlator (GOI). For example purposes, substirate
202 will be described 1o the context of single crystalline St (e.g., a Si walfer). Based on the
disclosure herein, other materials, as discussed above, can be used. These materials are within the
spirit and scope of this disclosure. In some embodiments, substrate 202 can be a thinned substrate,
which was thinned by means of grinding, wet and/or dry etching, chemical mechanical

planarization (CMP), or a combination thereof.

{0048} 3D memory device 200 can include an array device above substrate 202 {on a top
surface of substrate 202). It is noted that x, v, and z axes are added in FIG. 2 to further illustrate
the spatial relationship between the various components in 3D memory device 200, Substrate 202
includes two lateral surfaces {e.g., a top surface and a bottom surface) extending laterally in the

x-direction (the lateral direction) and v-~direction. As used herein, whether one component (e.g.. a
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layer or a device} is “on,” “above,” or “below” another component {e.g., a layer or a device) of a
semiconductor device (e.g., 3D memory device 200) 1s determined relative to substrate 202 in the
z-direction (the vertical direction} when the substrate is positioned in the lowest plane of the
semiconductor device in the z-direction. The same notion for describing spatial relationship is
applied throughout the present disclosure. Further, the v-direction is pointing into the page of
FIG. 2.

06041} By way of example and not limatation, 3D memory device 200 can be part of a non-
monolithic 3D memory device, in which components {e.g., the peripheral device and array device}
can be fabricated independently on different substrates and then bonded wn a “face-to-face”
configuration. In some embodiments, the array device substrate (e g., substrate 202) remains as
the substrate of the bonded non-monolithic 3D memory device, and the peripheral device (e.g,,
any suriable digital, analog, and/or mixed-signal peripheral circuits used for facilitating the
operation of 3D memory device 200, such as page buffers, decoders, and latches; not shown in
FI(. 2)1s positioned so that it faces the 3D memory device 200 prior to hybrid bonding.
Alternatively, in some embodiments, 3D memory device 200 is positioned so that it faces the
peripheral device {(not shown in FIG. 2 merely for clarity} prior to hybrid bonding. The array
device substrate {e.g., subsirate 202) can be a thinned substrate and the back-end-of-line (BEOL)
interconnects of the non-monolithic 3D memory device can be formed on the backside (e.g.

bottom surface) of the thinned array device substrate 202,

[0842] In some embodiments, 3D memory device 200 can be part of a non-monolithic 3D
memory device regardless of its relative position (e.g. above or below) with respect to the
peripheral device. For ease of reference, FIG. 2 depicts a state of 3D memory device 200 in
which substrate 202 (the array device substrate} is positioned below the array device in the x-y
plane, regardless of whether subsirate 202 is the substrate of the non-monoelithic 3D memory
device or a thinned substrate on which the BEOL interconunect layers of the non-monolithic 3D
memory device are formed.

{08431 In some embodiments, 3D memory device 200 is a NAND Flash memory device in
which memory cells are provided in the form of an array of NAND strings 204 extending
vertically above substrate 202. The array device can include a plurality of NAND sirings 204 that
extend through a plurality of conductor fayer 206 and dieleciric layer 208 pairs. The plurality of
conductor/dieleciric laver pairs are also referred {o herein as “altemating conductor/dielecinic

stack”™ 2190, In some embodiments, the number of the conductor/dielectric laver pairs in
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aliernating conductor/dielectric stack 210 (e.g., 32, 64, or 96} defines the number of memory
cells in 3D memory device 200. Conductor layers 206 and dielectric layers 208 in altemating
conductor/dielectric stack 210 alternate in the vertical direction {e.g., along the z-axis). In other
words, except the layers at the top or bottom of alternating conductor/dielectric stack 210, each
conductor laver 206 can be adjoined by two dielectric lavers 208 on both sides, or each dielectric
laver 208 can be adjoined by two conductor layers 206 on both sides. Conductor layers 206 can
each have the same thickness or different thicknesses. Similarly, dielectric lavers 208 can each
have the same thickness or different thicknesses. By way of example and not limitation, the
thickness of each conductor layer 206 can range from about 25 nm {o about 40 nim, and the

thickness of each dielectric layer 208 can range from about 20 nr to about 33 nm.

10044] By way of example and not linutation, conductor layers 206 can include conductive
materials such as tungsten (W), cobalt (Co), copper (Cu), aluminum (Al}, doped polycrystalline
Si (polysilicon), doped single crystaliine Si, silicides, or any combination thereof Dieleciric
layers 208 can include dielectric materials including, but not limited to, silicon oxide (81,0,
thereafter “810,7), silicon nitride {Si,N,, thereafter “SiN”), silicon oxynitride {SION), or any
combination thereof. In some embodiments, conducior layers 206 mclude metal layers, such as

W, and dielectric layers 208 include Si0,.

10045]  As shown in FIG. 2, at least on one side in the lateral direction {e.g., along the x-axis),
alternating conductor/dielectric stack 210 can include a staircase structure 212. Each “level” or
“step” 214 of staircase structure 212 can include one or more conductor/dielectric layer pairs on
stacked top of each other. Each conductor/dielectric layer pair includes a conductor layer 206 and
dielectric layer 208 respectively. The top layer in each level 214 of staircase structure 212 is 2
conductor layer 206 available for interconnection in the vertical direction {e.g., along the z-axis).
In some embodiments, fevels 214 in staircase structure 212 have the same height. Further,
adjacent levels 214 of staircase structure 212 are being offset with one another by a nominally
same distance in the x-direction. More specifically, for each two adjacent levels 214 of staircase
structure 212, the first level that is closer to substrate 202 can extend laterally {urther than the
second level, thereby forming a “landing area” or a “connection point” on the first level for
interconnection in the vertical direction {e.g., along the z-axis}.

[6046] As shown in FIG. 2, each NAND string 204 includes a channel structore 216 that
extends through alternating conductor/dielectric stack 210. Channel structure 216 is filled with

semiconductor materials {e.g., as a semiconductor channel 218) and dielectric materials (e.g, as a
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memory film 220}. In some embodiments, semiconductor channel 218 includes Si, such as
amorphous 81, polysilicon, single crystalline 51, ete. In some embodiments, memory film 220 15 a
composite stack of layers that includes a tumneling laver, a storage layer (also known ag “charge
trap/storage layer”), and a blocking layer. Each NAND string 204 can have a cylindrical shape
{e.g., a pillar shape). Semiconducior channel 218, the tunneling layer, the storage layer, and the
blocking layer are arranged along a direction from the center toward the outer surface of the
pillar in this order, according o some embodiments. The tunneling layer can include 8i0,, SiN,
or any combination thereof. The storage layer can include SiN, SiON, silicon, or any
combination thereof. The blocking laver can include $10,, SiN, high dielectric constant (high-k)

dielectrics {e.g., with a dielectric constant greater than 3.9), or any combination thereof.

10047]  In some embodiments, NAND strings 204 include a plurality of control gates (each
being part of a WL). Conductor layer 206 in aliernating conductor/dielectric stack 210 can act as
the control gate for memory cells in NAND strings 204, Additionally. each conductor layer 206
can act as the control gate for multiple NAND strings 204 that can extend laterally (e.g., along

the x-y plane) as a WL ending in staircase structure 212.

[6048] In some embodiments, each NAND string 204 mcludes an epitaxial laver 222 and an
etch stop plug 224 at the respective bottom and top of NAND string 204, as shown in F1G. 2. For
each NAND string 204, epitaxial laver 222 s referred to herein as an “epitaxial plug.” Each of
epitaxial plug 222 and etch stop plug 224 can be in contact with a respective end of channel
structure 216. Epitaxial plug 222 can include, for example, a semiconductor material {e.g., single
crystalline $1) that is epitaxially grown from substrate 202, Etch stop plug 224 can mclude
semiconductor materials {e.g., polysilicon} or conductor materials {e ¢, metals). In some
embodiments, gich stop plug 224 includes an opening filled with a titanium/titanium nitride stack
{barrier and adhesion layer) and W {conductor). As the name suggests, eich stop plug 224 is an
etch stop laver that prevents etching of dielectrics in channel structure 216, such as S10, and SiN,
during subsequent etch operations. In some embodiments, etch stop plug 224 acts as the drain of

NAND siring 204

[0849]  In some embodiments, the array device further includes shit structures 226. Each sht
structure 226 can extend vertically {e.g., along the z-axis) through alternating
conductor/dielectric stack 216, Slit structures 226 also extend along the y-axis o separaie
aliernating conductor/dielectric stack 210 mto multiple blocks as discussed earhier for FIGs 1A~

1C. Shit structures 226 are filled with conductor materials including, but not imited o, W, Co,
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Cu, Al asilicide, or any combination thereof. Slit structures 226 further include a diglectric laver
interposed between the conductor in shit structure 226 and alternating conductor/dielectric stack
210 to electrically insulate the conductor materials in the slit structure from the surrounding
conductor layvers in alternating conductor/dielectric stack 210. In some embodiments, shit
structure 226 acts as the source contact for NAND strings 204 Iocated in the same memory block.
Consequently, a shit structure 226 can function as the “common source contact” of multiple

MNAND strings 204 within a memory block.

[6058] In some embodiments, substrate 202 includes doped regions 228 with p-type or n-iype
dopants at a desired doping level. Each doped region 228 is in contact with a respective slit
structure 226, as shown in FIG. 2. In some embodiments, slit structures 226 are electrically

coupled to NAND strings 204 through doped regions 228,

[00651] It has to be noted that NAND strings 204 and slit structures 226 are partially formed in
a dietectric layer 230 that s disposed over allemating conductor/dielectric stack 210 In some
embodiments, dielectric layer 230 can be a layer stack made of a single dielectric material—as
opposed to being a stack of alternating dielectric lavers. By way of example and not limitation,
diglectric laver 230 is an oxide layer, such as 810;. In other words. dielectric layer 230 can be the
same as dielectric layer 208. Further, and as shown m FIG. 2, dielectric layer 230 can extend

over staircase structure 212.

100521 As shown in FIG 2, dielectric conductor/dielectric stack 210 1s “disrupted” by single-
material dieleciric structure 232 (thereafter “dielectric structure 2327) along the x-~direction {(and
along the v-direction—not shown from FI1G.2). In some embodiments, dielectric structure 232
defines the boundaries, the shape, and the size of TAC region 120 {e.¢., shown in FIGS. 1A-1C).
Consequently, as shown in the plan-views of FIGS. 1A-1C, dielectric structure 232 can be
surrounded by conductor/dietectric stack 210. Further, dielectric structure 232 can exiend in the
x-y plane and be coplanar with dielectric layer 230 {e.g.. the top surfaces of dielectric structure
232 and dielectric layer 230 are flushed). In some embodiments, dielectric structure 232 is
formed so that it is aligned to or covers at least a portion of an underlving isolation structure or
region 233 (thereafter “shaliow trench 1solation (ST1) structure 233). Please note that, ST1
structure 233 i1s exemplary and is not limiting. As such, other isolation structures can be used.
Further, dielectric structure 232 is in contact with STI structure 233, By way of example and not
Tumitation, STI structure 233 is formed on a top portion of substrate 202 and is filled with a

dielectric material, including but not himited to Si0;,, for example. In some embodiments, the
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footprint of dielectric structure 232 is smaller or equal to the footprint of ST1 structure 233. For
example, in some embodiments, dielectric structure 232 can cover only portion of STI structure

233.

16653] In some embodiments, dielectric structure 232 includes the same material with
diefectric layer 230, and/or dielectric laver 208. For example, dielectric structure 232 can include
$10,. However, this is not limiting and therefore dielectric structure 232 can include a different
material than dielectric layer 208 or dielectric layer 230. In some embodiments, dielectiic
structure 232 can have different shapes. For example, as shown in the plan-views of FIGS. 1A-
1C, TAC region 120 can have a reciangle or square shape. However, these shapes are not
himiting and dielectric structures 232 can have anv shape according to a design layout. Further,

multiple dielectric structures, hike dielectric structure 232, are possible across substrate 202

[60854]  As shown in FIG. 2, 3D memory device 200 further includes TACs 234, which extend
vertically through dielectric structure 232, According to some embodiments, etching through
dielectric structure 232 can be advantageous (e.g., mvolve fewer eich operations) compared to
etching through a stack of alternating layers having the same overall thickness. For example, the
formation of TACs 234 in an alternating layer stack with a thickness of about 6 um or more {e.g.,
for a 64 tier 3D wemory device) requires multipie etch and il operations—rtherefore, increases
the fabrication cost. Each TAC 234 can extend through the entire thickness of dielectric structure

232 and extend through at least a portion of STI structure 233 n substrate 202.

[6055] TACs 234 can carry electrical signals from and/or to 3D memory device 200, such as
part of the power bus, with shorten interconnect routing. In some embodiments, TACs 234 can
provide electrical connections between 3D memory device 200 and the peripheral device (e.g., on
a CMOS chip; not shown in FIG. 2) and/or between BEOL interconnects (not shown in FIG. 2)
and the peripheral device. Each TAC 234 18 filled with conducior materials, including, but not
fimuted to, W, Co, Cu, Al. doped S1. sthcides. or anv combination thereof. Since TACs 234 are
embedded in dielectric structure 232, additional layers of diglectric are not required to insulate

the conductor material.

[30856] Insome embodiments, 3D memory device 200 includes a plurality of “local contacts™
in physical and electrical contact with the various memory array siructures disclosed herein, such
as NAND strings 204, slit structures 226, and conductor layers or WL 206 in staircase structure

212, The contacts are referred to herein as “local contacts™ because they are in direct contact with
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the memory array structures, and further because they are formed within dielectric layer 230, As
shown 1n FIG. 2, local contacts can include NAND string contactls 236, sl structure contacts 238,
and WL contacts 240. In some embodiments, TACs 234 are also considered local contacts. As
used herein, the term “contact” can broadly include any suitable types of interconnects including

vertical interconnect access (via) hines and tateral lines (interconnect lines).

{00857}  In some embodiments, each local contact is coplanar with one another, e.g., on the top
surface of a dielectric layer 230 {and dielectric structure 232 for TACs 234) in which the local
contacts are formed. The lower end of each local contact can be in direct contact with the
respective memory array structure. For example, the lower end of NAND string contact 236 can
be 10 contact with etch stop plug 224 of NAND string 204, and the lower end of slif structure
contact 238 can be in contact with the upper end of slit structure 226. The lower end of each WL
contact 240 can be in contact with top conductor layver or WL 206 in a respective level of
staircase structure 212, Each local contact is filled with conductor materials including, but not
limited to, W, Co, Cu, Al silicides, or any combination thereof. Some or all of the local contacis

can be formed simultanecusly in a single contact forming process as described below in detail.

{6058} As shown in FIG. 2, in addition to the local contacts, 3D memory device 200 can
further include a contact layer 242 and an interconnect layer 244 as part of s interconnect
structures. Contact layer 242 can include a dielectric layer and a plurality of contacts 246 (e.g..
vias} in the dielectric layer. Interconnect layer 244 can be formed on contact layer 242 and can
include another dielectric layer and a phurality of interconnect contacts 248 {e.g., mnterconnect
lines) in the dielectric laver. The local contacts, contacts 246 in contact laver 242, and
nterconnect contacts 248 in interconnect layer 244 can be collectively referred to herein ag the

interconnect structures of 3D memory device 200,

60591  In some embodiments, each contact 246 can be filled with conductor matenials
including, but not hmited to, W, Co, Cu, Al, silicides, or any combination thereof. All contacts
246 can be formed simultaneously in a single contact forming process as described below in

detail.

[3868] In some embodiments, each interconnect contact 248 can be filied with conductor
materials including, but not limited to, W, Co, Cu, Al, silicides, or any combination thereof. All
nterconnect contacts 248 can be formed simultaneously in a single contact formation process as

described below in detail.
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{6061} In some embodiments, interconnect contacts 248 in interconmect layer 244 can include
bit lines 250, which are electrically connected to NAND sirings 204, respectively, by
corresponding contacts 246 and NAND string contacts 236. Bit lines 250 can be used to
individually address a corresponding NAND string 204 Interconnect contacts 248 can further
include source lines that are elecirically connected to shi structures 226 (source contacis). Further,
interconmect lines can be electrically connected to TACs 234 and to WL 206 1n staircase structure
212 through respective contacts 246 and WL contacts 240. It is to be understood that the number
of interconnect layers in 3D memory device 200 is not limited by the example in FIG. 2.
Additional intercomnect layer(s) with contacts can be formed to provide an interconnect network

of structures for 3D memory device 200.

[0862] FIG. 3 is a flowchart of an exemplary method 300 for forming a 3D memory device
stmilar to 3D memory device 200, according o some embodiments of the present disclosure.
F1Gs. 4-13 will be used 1o describe the exemplary fabrication process for forming a 3D memory
device using method 300. By way of example and not limitation, the 3D memory device
fabricated with method 300 can be the 3D memory device 200 depicted in FIG. 2. 1t should be
understood that the operations shown in method 300 are not exhaustive and that other operations
can be performed before, after, or between any of the operations. For exarople, other operations
may include wet clean operations, dry etch operations, photolithography operations, etc. Further,
the sequence of the operations in method 300 is not limiting, and some operations may be

performed concurrently or in a different order,

{0063} Referring to FIG. 3 and FIG. 4, method 300 begins with operation 302, where an
alternating dielectric stack 400 is disposed, or otherwise deposited, on a substrate 202. For
example purposes, substrate 202 in method 300 will be described in the context of single
crystalline 81, Based on the disclosure herein, other materials, as discussed above, can be used.
These materials are within the sparit and scope of this disclosure. A plurality of first dielectric
{aver 208 and second dielectric layer 402 pairs can be formed on substirate 202 to form
alternating dielectric stack 400. Tn some embodiments, each dielectric layer pair inchudes a 510,
laver and a SiN laver. For exaraple, first dielectric layer 208 can be made of Si0; (same as
diglectric layer 230 of aliernating conductor/dielectric stack 210 of F1G. 2} and second dielectric
layer 402 can be made of SiN. Alternating dielectric stack 400 can be formed by one or more
thin-film deposition processes including, but not limited to, chemical vapor deposition (CV D),

plasma-enhanced CVD (PECVD), physical vapor deposition (PVI), atomic layer deposition
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{ALD}, plasma-enhanced ALD (PEALD), or any combination thereof. By way of example and
not fimitation, the height of dielectric stack 400 can range {rom about 4 pm to about 30 um. In
some embodiments, second dielectric layer 402 can be a sacrificial laver that will be replaced
with a conductor in a subsequent operation so that alternating dielectric stack 400 can be
converted to an alternating conductor/dielectric stack, similar to aliernating conductor/dielectric

stack 210 of FIG. 2.

[0064] According fo some embodiments, substrate 202 includes isolation regions or siructures,
fike STI structure 233 shown in FIG. 4. §TI structure 233 in FIG. 4 can be formed on a top
portion of subsirate 202. By way of example, 8T1 structare 233 can be formed prior to the
formation of altemating dielectric stack 400. STI structures can be filled with a dielectric

material, such as for example 810,

[6065] Method 300 continues with operation 304, as illustrated in FIG 3, in which a staircase
structure (like staircase structure 212 of FIG. 2) is formed from a portion of alternating dielectric
stack 400. In some ernbodiments, a “tnnm-etch” process can be used on at least one side (in the
{ateral direction, x~direction} of alternating dielectric stack 400 to form a staircase structure with
mudtiple levels {e.g., steps). By way of example and not limitation, a trim-etch process canbe a
muldti-cycle process, where each cycle includes one or more photolithography operations
followed by an etch operation. During the photolithography operations, a patterned photoresist
(PR} layer masks a portion of dielectric stack 400. A subsequent first etch process removes a
predetermined number of dielectric patrs from the exposed portion of dielectric stack 400 to form
a first step (e.g., first level) in dielectric stack 400, The PR is then laterally trimmed (e.g.,
recessed in the x-direction} to expose an additional portion of dielectric stack 400. A subsequent
second etch removes a predetermined number of dielectric pairs from the newly exposed
dielectric stack 400 and the first step. Hence, a second step (e.g., second level) in dielectric stack
400 1s formed. This step formation process continues in this fashion (e.g., a PR trim followed by
an etch operation} until the desired number of steps in dielectric stack 400 is formed and the
staircase structure is complete. As a result of this process, each fevel can include any desired
number of dielectric layer pairs with alternating first dielectric layer 208 and second dielectric
layer 402. After the staircase structure formation, the PR layer is removed {stripped) with a wet
etch process. FIG. 5 shows the resulting staircase structure 500 made from alternating dielectric

stack 400 according to the description of operation 304 of method 300.
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[6066] In some embodiments, the etch process used in operation 304 can be a dry etch process
that uses a single etch gas chemustry for both dielectric layers 208 and 402, Alternatively, the
etch process used in operation 304 can use different etch chemistries for each dielectric layer.
Further, depending on the selectivity of the etch chemustry, the etch process can be timed, end-

pointed, or a combination thereof.

[0067]  After the staircase structure formation, dielectric laver 230 1s deposited over staircase
structure 500 and dielectric stack 400. In some embodiments, a CMP or a dry etch process can be
used to planarize the top surface of dielectric layer 230, as shown in FIG. 5. By way of example
and not himitation, dielectric layer 230 can be S10; deposited by PECVD, CVD, or another
suitable deposition process. The thickness of dielectric laver 230 over altemnating diclectric stack
400 can range from about 10 to about 1000 nm. In some embodiments, dielectric layer 230 is the

same as dielectric layer 208 of dielectric stack 400, e.g., 810y,

[0868] Method 300 continues with operation 306, as Ulustrated in FIG. 3, where a channel
structure can be formed over substrate 202, However, this is not lirniting and additional channel
structures can be formed. Each channel structure can extend vertically through the alternating
dielectric stack 400, as discussed earlier. Fabrication of each channel structure begins by etching
a channel hole through dieleciric layer 230 and aliernating dielectric stack 400 unti] substrate 202
is exposad through the chanunel hole. Prior to filling the channel hole, an epitaxial plug 222 can
be grown through the channel hole from substrate 202, as shown in FI(. 6. By way of example
and not limitation, epitaxial plug 222 can be single crystalline St. The height of epitaxial plug
222 can be controlled through the epitaxial growth process conditions. Channel structure 216 can

be subsequently formed on epitaxial plug 222 by filling the channel hole.

[6669] By way of example and not limitation, a dry eich process can be used to form the
channel hole. In some embodiments, the fabrication process of channel structure 216 further
includes depositing memory fifm 220 and semiconductor chammel 218 so that memory film 220
can be interposed between semiconductor channel 218 and the dielectric layer pairs 402 and 402
of alternating dielectric stack 400. Semiconductor channel 218 can include semiconductor
materials, such as polysilicon. Memory film 220 can be a composite stack of dielectric layers
including a combination of a tunneling layer, a storage laver, and a blocking layer (not

individually shown in FIG. 6).
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{6078} By way of example and not imitation, the tunneling laver can include diglectric
materials such as Si0», SiN, SiON, or a combination thereof. Electrons or holes from the
semiconductor channel can tumnel into a storage layer through the tunneling laver. The storage
laver can include materials for storing charge. The storage layer materials include, but are not
limited to, 8IN, SiON, a combination of 5i(Gh and SiN, or a combination thereof. The blocking
laver can include a single dielectric material, such as 8i0»_ or a stack of dielectric materials, such
as Si3,/SiIN/Si1O, (ONO). The blocking layer can further include a high-k dielectric, such as
aluminum oxide (ALO;). Semiconductor channel 218 and memory film 220 can be formed by
one or more thin-film deposition processes, such as ALD, CVD, PEALD, PECVD, any other

suitable deposition processes, or a combination thereof.

10071}  In some embodiments, dummy channel structures (not shown mn FIGs. 4-13; e g,
dummy channel structures 122 in FIGs. 1A-1B) are formed simultaneously with channel
structures 216, The dummy channel structures can extend vertically through the altermating layer
stack and can be filled with the same materials as those in channel structures 216. However, local
contacts are not formed on the dummy channel siructures to provide electrical connections with
other components of the 3D memory device. Thus, the durmmy channel siructures cannot be used
for formung merory cells in the 3D memory device, 1.e, they are not electrically functional or
otherwise operational. In some embodiments, the dumiay channel structures are used as

structural elements.

{68721 Referring to FIG. 3, method 300 continues with operation 308 and the formation of an
opening in the alternating dielectric laver stack. Formation of the opening involves etching
portions of dielectric layer 230 and dielectric stack 400 until 8T1 structure 233 of substrate 202 is
exposed (e.g., through the eiched portions of dielectric layer 230 and dielectric stack 400}, as
shown in FIG. 6. In other words, the opening can be formed so that it is aligned to ST structure
233. In some embodiments, the opening camnot expose an area bevond the ST structure 233, For
example, the opening cannot expose ST structure 233 and a portion of subsirate 202. However,
the opening can expose a portion of 8T1 structure 233. This can be accomplished via
photolithography and etch methods {patiemning). For example, photolithography can be used to
form a patterned PR structure or a patterned hard mask (HM) (not shown in FIG. 6) over
diglectric laver 230. The patterned PR structure or pattemed HM can have an opening that
exposes an area of dielectric layer 230. The opening 1n the pattemned PR structure or patterned

HM can be positioned so that it 15 over an area of the underlying 8T1 structure 233, Areas of
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diglectric laver 230, where the formation of a dielectric structure is not desired, are covered by
the patterned PR structure or patierned HM. A subsequent dry etch process removes the exposed
portions of dielectric layer 230 and dielectric stack 400-—¢.g., through the openings in the
patterned PR structure or patterned HM—untif S8T1 structure 233 of subsirate 202 is exposed. In
some embodiments, the dry etch process can be a multi-step, anisotropic eich that can be
terminated (e.g., stopped) when $T1 structure 233 is exposed. By way of exaraple and not
lirnitation, the dry eich process can include the same or different eich chemistry for each layer
{e.g., dieleciric laver 230 and alternating dielectric stack 400). As a result of operation 308, an
opening 600 with width 600w is formed in dielectric stack 400 over ST structure 233, as shown
in FIG. 6. As discussed above, width 600w of opening 600 can be equal or shorter than width
233w of STI structure 233 (e.g., 600w < 233w). In some embodiments, opening 600 may exiend
partially into STI structure 233, In other words, the etch process used to form opening 600 may
also remove (recess) portion of the top surface of ST structure 233, It 1s noted that opening 600
shown in FIG. 6 can also extend in the y-direction (not shown in the view of FIG. 6) and 1S size
can be defined by the patterned PR structure or patierned HM and the process conditions during
the eich process. In any direction, the area of opening 600 can be equal or smaller than the area
of ST1 structure 233, according to some embodiments. Additionally, multiple openings, like
opening 600, can be formed concurrently during operation 306 of method 300 in other areas of
dietectric stack 400. Further, each opening 600 can be formed over an STI structure 233, In some

embodiments, the aspect ratio of opening 600 can range from about 0.1 to about 10

[8073] In some embodiments, opening 600 can be formed concurrently with channel structure
216 In an alternative embodiment, opening 600 can be formed after the formation of channel
siructure 216, or before the formation of channel structure 216. Each of the aforementioned
sequence of operations may require additional number of photolithography, etch, or deposition
operations. After the formation of opening 600, the patterned PR structure or patterned HM can

be removed (stripped) with a wet etch process.

{0874} In referring to F1Gs. 3 and 7, method 300 continues with operation 310, where opening
600 can be filled with a dielectric layer 702. In some embodiments, dielectric layer 702 includes
a S10; layer that can be deposited by a CVD, Howable CVD (FCVD), a PECVD process, or any
other suitable process that can fill a high aspect ratio structure. By way of example and not
himutation, dielectric laver 702 can be the same as dielecinc layer 230, and/or first dielectric layver

208. A CMP process or a dry eich process can be used to planarize dielectric layer 702 so that the
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top susfaces of diglectric laver 230 and dielectric layer 702 are coplanar as shown in FIG. 7. As a
result, dieleciric structure 232 is formed in dielectric stack 400. In some embodiments, dielectric

structure 232 defines the borders of TAC region 120 shown in FIGS. 1A-1C.

[6075]  In some embodiments an etch stop layer is formed on the channel structures 216. For
example a dielectric layer 704 can be deposited over dielectric layers 230 and 232 and be
subsequently patterned to form plug openings 706 as shown in FIG. 7. Etch stop plug 224 can be
subsequently formed on chanuel structures 216 by filling plug openings 708 using one or more
thin-film deposition processes, such as ALD, CVD, PVD, any other suitable processes, or any
combination thereof, as shown in FIG. & In some embodiments, polysilicon can be used {o {ill
plug opening 706 followed by a CMP process to remove the excess polysilicon so that etch stop
plug 224 can be coplanar with dielectric layer 704. In some embodiments, a metallic stack, such
as Tv/ TiIN/W, can be deposited to fill plug opening 706, followed by a CMP process to make the
top surface of eich stop plug 224 and dielectric laver 704 coplanar. In some embodiments, etch
stop plug 224 can be sacrificial so that 1t can be replaced in a subseguent operation. For example,
a sacrificial etch stop plug 224 can include an oxide nstead of polystlicon or a metallic stack. A
sacrificial etch stop plug 224 can be removed at a later operation and replaced with a

“permanent” etch stop plug made of polysilicon or a metallic stack.

16676] In operation 312 of method 300, as illustrated in FIG. 3. one or more slit openings can
be formed in alternating dielectric stack 400. For example, slit opening 900 can be formed by dry
etching dielectric layers 208 and 402 (e.g., Si0; and SiN} in dielecinie stack 400, as shown in
FIG. 9. In some embodiments, doped regions 228 can be subsequently formed in substrate 202
under each shit by, for example, ion implantation and thermal diffusion through the shits.
Alternatively doped regions 228 can be formed diwring an earlier fabrication stage, for example,

prior to the formation of dielectric stack 400, according to some embodiments.

[6077] In operation 314 of method 300, slit openings 900, shown in FIG. 9, can be used for a
“gate replacement” process {also known as the “WL replacement” process) in which second
diefectric layers 402 (shown in FIG. 9; e.g., SiN} in stack 400 are replaced with conductor layers
206 (shown in FIG. 10; e.g., W). As aresuli, alternating dielectric stack 400 1s converted to

alternating conductor/dielectric stack 210 shown in FIG. 2.

16078} 'The replacement of second dielectric layers 402 with conductor lavers 206 can be

achieved with the use of a wet eich process that 15 highly selective {e.g., with selectivity equal to,
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or greater than, 500:1) towards second dielectric layer 402 (e.g., SiN), in comparnson to first
dielectric layer 208 {e.g., S10;). By way of example and not limnitation, the wet etch chemistry
can include hot phosphoric acid (H;PO4). Since the wet etch chenustry 1s highly selective
towards SiN, any layers or structures (inchuding first dielectric fayer 208 and dieleciric structure
702) made of oxide (e.g., S10;) will not be eiched or removed (i.e., will not be affected by the

wet etch process).

{6879} Once second dielectric lavers 402 are fully removed {e.g., etched}, a conductive layer
can be deposited by CVD, PECVD, ALD, PEALD, or combinations thereof to fill the space
between first dielectric lavers 208 through shit openings 900. As a result, conductor layers 206
can be formed between first dielectric lavers 208 as shown in FIG. 10, By way of exaraple and
not hmitation, the conductor materials can inchude W, Co, Cu, Al polysilicon, silicides, or a
combination thereof. In some embodiments, adhesion layers or barrier layers (not shown in FIG.
10} may also be deposited prior to the deposition of the conductor material. In some
embodiments, conductive layers 206 can be deposited with a deposition-eich-deposition process

1o avoid partially filling slit openings 900 with the conductor material.

[6088] In operation 316 of method 300 shown in FIG. 3, the shit openings can be filled with a
conductor material 1004 to form shit structures 226 as shown in FIG. 10, In some embodiments,
conductor material 1004 can be the same as the conductor material in conductor layers 206, For
example, slit structuores 226 can be filed with W, Co, Cu, Al polysilicon, silicides, or a
combination thereof. In somwe erbodiments, to elecirically isolate conductor matenial 1004 of st
structure 226 from conductor layers 206, a dielectric layer 1008 {e.g., Si(,) can be deposited
therebetween. A CMP process can subsequent remove excess conductor material over dielectric
layer 704 as shown in FIG. 10. The lower end of slit structure 226 can be in contact with dopad
region 228. In some embodiments, slit structure 226 can function as a source contact that is

electrically connected to NAND string 204 through doped region 228 of substrate 202.

0081} Referring to Fig. 11, a dieleciric layver 1100 can be blanket deposited over dielectric
laver 704 across substrate 202 so that local contacts can be formed in dielectric layer 1100. In
some embodiments, the contact formation process can be divided into two separate
photolithography/etch operations o accommodate the formation of contacts with different depths
or heights. For example, the shortest local contacts (e.g., the NAND string contacts, the slit
structure contacts, and the upper WL contacts of the staircase structure) can be formed first, and

the tallest local contacts {e.g., the TACs and the lower WL contacts of the staircase structure) can
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be formed second. Merely for simplicity, the aforementioned shorter local contacts can be
collectively referred 1o as first local contacts, and the aforementioned tallest focal contacts can be

collectively referred to as second local contacts.

[0082] Daielectric layer 1100 can be formed by one or more thin-film deposition processes,
including ALD, CVD, PVD, any other suitable processes, or any combination thereof. Dielectric
laver 1100 can include dielectric materials, including, but not imited to, 8i0,, SiN, SiON, or any
combination thereof. First local contacts—such as NAND string contacts 236, shit structure
contacts 238, and upper WL contacts 240-1—can be formed through dieleciric layer 1100 by first
etching vertical openings (e.g., with a dry etch), followed by filling the openings with conductor
materials using ALD, CVD, PVD, anv other suitable processes, or any combination thereof. By
way of example and not inutation, the conductor materials used to fill the local contacts can
include W, Co, Cu, Al, polysilicon, silicides, or a combination thereof. In some embodiments,
prior o the conductor material fill, the openings can be filled with a barrier layer, an adhesion

laver, and/or a seed layer. In some embodiments, prior to filing the openings, the oxide sacrificial

etch stop plugs 224 can be replaced with permanent etch stop plugs made of polysilicon or a

metallic stack, as discussed above.

[6083] Etching of dielectric layers to form the openings of first focal contacts can be controlled
via the “inherent” eich selectivity between the etched laver (e.g.. a dielectric layer) and the
underlying layer (a conductor, a nitride or oxide, etc.). For example, in the case of NAND string
contacts 236, etch stop plug 224 filled with an oxide different from dielectric laver 1100 or a
nitride can prevent further etching into NANTD strings 204 during the formation of the first local
contact openings. In the case of slit structure contacts 238 and upper WL contacts 240-1, further
etching can be prevented due to the presence of conductor material 1004 and conductor layer
206, which can act as an etch stop layver for the dry etch process. As a result, formation of first

{ocal contacts with different heights can be possible.

[0084] A discussed earlier, first local contacts—such as NAND string contacts 236, slit
structure contacts 238, and upper WL contacts 240-1—can be concurrently formed in the same
contact forming process. The first local contact forming process can include multiple processes,
for example, photolithography, eich, thin-film deposition, and CMP. In some embodiments, each
process in the contact forming process can be performed only once for all the first local contacts.
For example, a single hithography and etch process can be used to form all the openings of

NANTD string condacts 236, shif structure contacts 238, and upper WL contacts 240-1 and a single
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deposttion process can be performed to fill all the openings of NANWD string contacts 236, shit
structure contacts 238, and upper WL contacis 240-1 with the same conductor materials. In some
embodiments, a CMP process can remove excess deposited material from the top surface of

dielectric layer 1100.

[3085] In Referring to FIG. 3 and method 300, the formation of the TAC structures (and the
rest of the second local contacts) can be formed in operation 318, Referring to FIG. 12, and
according to some embodiments, after forming the first set of local contacts (e g., NAND siring
contacts 236, slit structure contacts 238, and upper WL contacts 240-1) a second set of {ocal
contacts can be formed, including TACs 234 and lower WL contacts 240-2 that are close to
substrate 202. TACs 234 can be formed in dielectric layers 1100, 704, and 232—and lower WL
contacts 240-2 can be formed in dielectric layers 1100, 704, and 230-—by first etching vertical
openings {e.g., by dry etching}, followed by filling the openings with conductor materials using
ALD, CVD, PVD, any other suitable processes, or any combination thereof The conductor
materials used for filling the local contacts can include, but are not inuted to, W, Co, Cu, Al
polysilicon, silicides, or any combination thereof. In some embodiments, prior to the conductor

material deposition, a barrier layer, an adhesion laver, and/or a seed layer can be formed.

[6086] TACs 234 can be formed by etching through the entire thickness of dicleciric structure
702. Since both TACs 234 and lower WL contacts 240-2 are formed in oxide lavers {e.g.,
diefectric layers 1100, 704, 232, and 230} the overall etching process can be simplified in terms
of etching chemisiry, eiching process tooling, overall process integration, and cosi. By way of
exarmple and not limitation, the openings for TACs 234 and lower WL contacts 240-2 can be
formed by a deep reactive-ion etching (DRIE) process or with any other suitable anisotropic etch
process. Forming TACs 234 in dielectric structure 232 can simplify the fabrication process and
reduce the fabrication cost. This is because TACs 234 can be easily formed even after the gate

replacement process together with the other local contacts in a common contact forming process.

[6087] In some embodiments, the lower end of TACs 234 can be formed in ST structure 233
and in contact with substrate 202, as shown in FIG. 12. For example, TACs 234 can extend
through STI struchure 233 and stop on substrate 202, The lower end of each lower WL contacts
240-2 can be in contact with the corresponding top conductor layer 206 (WL} of a corresponding
{evel in the staircase structure, as shown in FIG. 12, The upper ends of all the local contacts
(inchuding both the first and second sets of local contacts) can be coplanar with one anocther at the

top surface of dielectric laver 1100, The second set of local contacts (including TACs 234 and
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lower WL contacts 240-2} can be simultaneously formed in the same contact forming process
atter the formation of the first set of local contacts. That is, all the local contacts (including both
the first and second sets of local contacts) can be formed in two contact forming processes as

illustrated in FIGs. 11 and 12.

[0088] It is understood that in some embodiments, all the local contacts (including both the
first and second sets of local contacts) can be simultaneously formed n a single contact forming
process. That is, the two contact forming processes illustrated in FIGs. 11 and 12 can be
combined inio a single contact forming process. In some embodiments, each process in the
contact forming process can be performed once for all of NAND string contacts 236, shit
structure countacts 238, TACs 234, upper WL contacts 240-1, and fower WL contacts 240-2. For
example, a single lithography process can be performed followed by a single etch process and a

single deposition process.

80891 Insome embodiments, an additional contact layer with a plurality of contacts can be
formed over the local contacts. As illustrated in FIG. 13, contact laver 242 (including a dielectric
layer 1302 and contacts 246} can be formed over dielectric layer 1100, Dielectric layer 1302 can
be formed by one or more thin-film deposition processes, including ALD, CVD, PVD, any other
suitable processes, or any combination thereof. Dielectric fayer 1302 can include dielectric
materials, including, but not limited to, 510, SiN, SiON, or any combination thereof. Contacts
246 can be formed through dielectric layer 1302 by first eiching vertical openings {e.g., using dry
etch), folfowed by filling the operungs with conductor materials using ALD, CVD, PVD, any
other suitable processes, or any combination thereof. The conductor materials used to fill
contacts 246 can include, but are not imited to, W, Co, Cu, Al, polysilicon, silicides, or any
combination thereof. In some embodiments, prior to the conductor material deposition, a barrier

layer, an adhesion layer, and/or a seed layer can be deposited i the contact opeming,

[0099] As shown in FIG. 13, the lower end of each contact 246 can be in contact with the
upper end of a corresponding local contact, for example, NAND string contact 236, slit structure
contact 238, TAC 1200, or WL contacts 240-1 and 240-2. In some embodiments, all contacts 246
in contact laver 242 can be simulttaneously formed tn the same contact forming process. In some
embodiments, each contact 246 of contact laver 242 1s a via. Further, contact layer 242 can be
referred (o as the “Via0 (VO)” fevel/ bottom level of the interconnect structures of 3D memory

device 200,
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[60%91] Subsequently, a plurality of third contacts in an interconnect laver can be formed. As
iflustrated in FIG. 13, interconnect layer 244 (including a diglectric layer 1308 and interconnect
contacts 248) can be formed above contact laver 242, Dielectric layer 1308 can be formed by one
or more thin-film deposition processes, such as ALD, CVD, PV D, any other swiiable processes,
or any combination thereof. Dielectric layer 1308 can include dielectric materials, including, but
not limited to, 810;, SiN, SiON, or any combination thereof. By way of example and not
limitation, interconnect contacts 248 can be formed through dielectric laver 1308 by first etching
vertical openings (e.g., with a dry etch process), followed by filling the openings with conductor
materials using ALD, CVD, PVD, anv other suitable processes, or any combination thereof. The
conductor materials used to fill interconnect contacts 248 can include, but are not limited to. W,
Co, Cu, Al, polysilicon, silicides, or any combination thereof. In some embodiments, prior to the

conductor matenial deposition, a barrier layer, an adhesion layer, and/or a seed layer is formed.

{0892} Asshown in FIG. 13, the lower end of each interconnect contact 248 can be in contact
with the upper end of corresponding contact 246 in contact layer 242, so that each interconneact
contact 248 can be electrically connected to a corresponding memory array structure, such as
NANTD strings 204, slit structures 226, and Wis 240-1 and 240-2. In some embodiments, all
interconnect contacts 248 in interconnect layver 244 can be concurrently formed m the same
contact forming process. In some embodiments, each interconnect contact 248 can be an
interconnect line, and interconnect fayer 244 can be referred to as the “MetalO (MO)” level/

bottom level of the interconmect structures of 3D memory device 200

[8093] According fo some embodiments, contacts 246 and interconnect contacts 248 can be
formed in a single contact forming process, such as in a dual damascene process for forming Cu
contacts. Nevertheless, as illustrated in FIG. 13, the interconnect structures including local
contacts and contacts 246 and 248 can be formed in a hmited number of fabrication steps o

reduce the fabrication complexity and cost.

[6094] Various embodimenis in accordance with the present disclosure provide a 3D memory
device with inferconnect structures for a memory array. The mterconnect structures allow
contacts for various memory array siructures {e.g., NAND strings, gaie line slits, WLs, etc.) to be
fabricated in a limited number of operations {e.g , in a single operation or in two operations},
thereby reducing the process complexity and manufacturing cost. In some embodiments, the
interconnect structures disclosed herein can include bit lines i the top interconnect layer. These

bit lines are suitable for 3D memory architectures in which the array device and the peripheral
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device are formed on different substrates and are subsequently joined by hybrid bonding in a

face-to-face configuration.

{00951 Moreover, the interconnect structures disclosed herein include TACs for providing
vertical interconnects between the stacked array device and peripheral device (e.g., for power bus
and metal routing}, thereby reducing the metal levels, improving the packing density and
decrease the die size. In some embodiments, the TACs in the interconnect structures disclosed
herein are formed in a dielectric structure that can be easily etched to form through holes therein
compared to a stack of alternating dieleciric lavers or a stack of alternating conductor/dieleciric
layers. Therefore, fabrication complexity and cost can be reduced. The dielectric structure can be
forred prior to the conversion of alternating layer stack of dielectrics o a conductor/dielectric

faver stack.

[6096] In some embodiments, a 3D memory device includes a semiconductor substrate, an
alternating laver stack disposed on the semiconductor substrate, and a dielectric structure,
extending vertically through the alternating laver stack, on an isolation region of the substrate.
Further, the alternating laver stack can abut a sidewall surface of the dielectric structure and the
dielectric structure is formed of a dielectric material. The 3D memory device additionally can
include one or more TACs that extend vertically through the dielectric and isolation region, and

one or more channel structures that extend vertically through the alternating layer stack.

16097 The 3D memory device further includes an epitaxial laver formed between each of the
one of more channel structures and the semiconductor substrate, an etch stop plug disposad on
each of the one or more channel structures, a staircase structure disposed 1n the altemating layer,
and one or more cortact layers disposed on the one or more TACs, channel structures, and slit
structures.

{6098} In some embodiments, the dielectric structure abuts a sidewall surface of the TACs.
[6099] In some embodiments, the 3D memory device is a NAND 3D memory device.

[6160] In some embodiments, the alternating laver stack includes alternating pairs of a

dielectric and conductor layers.

{0161} In some embodiments, the dielectric layer comprises silicon oxide and the conductor

laver mcludes a metal.

[3102]  In some embodiments, the conductor layers include a word line.
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{6183} In some embodiments, the dielectric material is silicon oxide.
[6104] In some embodiment, the dielectric structure includes an oxide.

[6105]  In some embodiment, the dielectric structure defines a through array contact region

within the 3D memory device.

10106]  In some embodiments, an area of the dielectric structure is equal to or smaller than an
area of the isolation region.

{3187}  In some embodiments a method for forming 3D memory device includes forming an
isolation structure on a subsirate, disposing an alternating dielecinic laver stack on the substrate,
where the alternating dielectric laver stack mcludes pairs of a first dielectric layer and a second
diclectric layer different from the first dielectric layer. The method further includes forming a
channel structure extending vertically in the altemating dielectric layer, forming an opening in
the alternating dielactric layer stack, where the opening exposes the isolation structure. The
method also includes filling the opening with a dielectric layer to form a dielectric struchure as a
TAC region of the 3D memory device, removing portions of the dielectric structure and the
isolation structure until the substrate is exposed to form a TAC opening that vertically extends
through the dielectric structure and the isolation structure, and filling the TAC opening with a
conductor to form a TAC structure in the TAC region, wherein the TAC structure is in contact

with the substrate.

[6108] In some embodiments, before forming the TAC opening the method further includes
forming slit openings that expose a doped region of the substrate by extending vertically in the
alternating dielectric layer, replacing the second dielectric layer through the one or more slit
operungs with a conductor layer to convert the alternating dielectric layer stack to an alternating
diglectric/conductor laver stack, and filling the one or more slit openings with a conducior {o
form one or more slit structures extending vertically in the alternating dielectric/conductor layer

stack.

[0109]  In some embodiments, before forming a channel structure, performing a trim-etch

process to form a staircase structure in the alternating dielectric layer stack.

{01108} In some embodiment, removing portions of the alternating dielectric layer stack

includes performing a dry etch process.
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[6111] In some embodiments, filling the opening with the dielectric layer includes depositing
the dielectric layer with a chemical vapor deposition, a plasma-enhanced chemical vapor

deposition, or a physical vapor deposition process.

6112} In some embodiments, filling the opening with the dielectric layer includes forming an
oxide.

[3113] Insome embodiments, filling the opening with the dielectric layer includes forming a

stlicon oxide.

6114} In some embodiments, the first dielectric layer includes an oxide and the second

dielectric layer comprises a nitride.

[6115] In some embodiments, the first dielectric layer includes a silicon oxide and the second

dielectric layer comprises a silicon nitride.

[6116] In some embodiments a method for forming a 3D memory device includes disposing an
alternating dielectric layer stack on a substrate, where the alternating dielectric layer stack
includes pairs of a first dielectric layer and a second dielectric layer different from the first
dielectric layer; forming channel structures extending vertically through the alternating dielectric
layer; etching the alternating dielectric layer stack to form an opening, where the opening
exposes an isolation region in the substrate; filling the opening with a dielectric layer to form a
dielectric structure as a TAC region that is equal or smaller than the isolation region; etching
through the dielectric structure and the isolation region to form TAC openings that expose the
substrate; and filling the TAC openings with a conductor to form TAC structures in the TAC
region.

{3117}  Insome embodiments a method for forming a 3D memory device further includes
forming slit openings extending vertically through the altemating dielectric layer, where the slit
openings expose a doped region of the substirate. The method further includes replacing the
second dielectric layer through the shit openings with a conductor Javer to convert the alternaiing
dielectric laver stack to an alternating dielectric/conductor layer stack, filling the slit openings
with a conductor to form slit structures, forming a staircase structure in the alternating dielectric
{aver stack, where the staircase structure comprises levels. Further the method includes, forming
a world line contact on each of the levels of the staircase structure, forming local contacts over
the channel and shit structures, and forming one or more contact layers over the local contacts,

each word line, and each TAC structure.
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[6118] In some embodiments, forming the opening in the aliernating dielectric layer stack

includes performing a dry etch process.

{61189}  In some embodiments, the alternating dielectric/conductor layer stack abuts a sidewall

of the dielectric structure.

{0120 Insome embodiments, the dislectric structure abuts a sidewall surface of each TAC

structure.

[8i21] Insome embodiments, a 3D memory device includes a substrate with an isolation
structure; an alternating conductor/dielectric layer stack disposed on the substrate; a dielactric
structure extending vertically through the alternating conductor/dielectric layer stack over the
igolation structure, where the alternating conductor/dielectric layer stack abuts a sidewall surface
of the dielectric structure and the dielectric structure 15 formed of a dielectric material; channel
structures exiending vertically through the altemating conductor/dieleciric laver stack; and

through array contacts extending vertically through the dielectric and the isolation structures.

{3122}  In some embodiments, a 3D memory device further includes a staircase structure
disposed in the alternating conductor/dielectric layer stack, where the staircase structures
mcludes levels with each level having a conductor layer thereon; a word line contact disposed on
each conducior layer of the staircase structure; and a local contact disposed on each channel

structure and slit structure.
{01231  In some embodiments, the dielectric siructure abuts a sidewall of the each TAC.

[0124] In some embodiments, the diglectric structure includes a through array contact region of

the 3D memory device.

[3125]  The foregoing description of the specific embodiments will so {ully reveal the general
nature of the present disclosure that others can, by applying knowledge within the skill of the art,
readily modity and/or adapt for various applications such specific embodiments, without undue
experimentation, withowt departing from the general concept of the present disclosure. Therefore,
such adaptations and modifications are intended to be within the meaning and range of
equivalents of the disclosed embodiments. based on the teaching and guidance presented herein.
It 1s to be understood that the phraseclogy or terminology herein is for the purpose of description
and not of limutation, such that the termanology or phraseology of the present specification 18 to

be interpreted by the skilled artisan o light of the teachings and gindance.
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{6126} Embodiments of the present disclosure have been described above with the aid of
functional building blocks illustrating the implementation of specified functions and relationships
thereof. The boundarias of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined so long as the
specified functions and relationships thereof are appropriately performed.

{3127} The Summary and Abstract sections may set forth one or more but not all exemplary

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

intendad to fimit the present disclosure and the appended claims in any way.
{6128} The breadth and scope of the present disclosure showld not be limited by any of the
above-described exemplary embodiments, but should be defined only i accordance with the

following claims and their equivalents.
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Residence Information {Select One} (O US Residency Non US Residency () Active US Military Service
City |Wuhan, Hubei Country of Residence | CN
Mailing Address of inventor:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubel State/Province
Postal Code Countryi CN
inventor 7
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Zhao Hui TANG
Residence Information (Select One} () US Residency (8 Non US Residency () Active US Mititary Service
City Wuhan, Hubei Country of Residence | CN
Mailing Address of Inventor:
Address 1 Yangtze Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei State/Province }
Postal Code Couniryi CN
inventor 8
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
Mei Lan GUO
Residence Information {Select One} (O US Residency Non US Residency (O Active US Military Service
City |Wuhan, Hubei Country of Residence | CN
Mailing Address of Inventor:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
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. . Attorney Docket Number | 4123.0180001
Application Data Sheet 37 CFR 1.76 ——
Application Number
Title of invention THROUGH ARRAY CONTACT {TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES
City Wuhan, Hubel i State/Province i
Postal Code Countryi CN
Inventor 8
iegal Name
Prefix| Given Name Middie Name Family Name Suffix
Zhiwu TANG
Residence Information (Select One) (O US Residency Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence i CN
Mailing Address of Inventon:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubeli State/Province i
Postai Code | Countryi CN
Inventor 10
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Qinxiang WEI
Residence Information (Select One) () USResidency (8 NonUS Residency () Active US Military Service
City Wuhan, Hubel Country of Residence 5 N
Mailing Address of Inventor:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei State/Province }
Postal Code Countryi CN
inventor 11
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Qianbing XU
Residence Information (Select One) (O US Residency Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence i CN
Mailing Address of inventon:
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Application Number
Title of invention THROUGH ARRAY CONTACT {TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubel State/Province i
Postal Code Countryi E CN
inventor 12
legal Name
Prefix| Given Name Middle Name Family Name Suffix
Sha Sha LU
Residence Information (Select One) () USResidency (@& Non US Residency () Active US Miiitary Service
City Wuhan, Hubei Country of Residence | CN
Mailing Address of inventor:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubei State/Province
Postal Code Countryi CN
Inventor 13
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
Jian Hua SUN
Residence Information (Select One} (O US Residency Non US Residency () Active US Miiitary Service
City | Wuhan, Hubei Country of Residence | CN
Mailing Address of Inventor:
Address 1 Yangize Memory Technologies Co., Lid.
Address 2 18 Gaoxin 4th Rd., East Lake High-Tech Dev. Zone
City Wuhan, Hubel State/Province i
Postal Code Country i E CN
inventor 14
Legal Names
Prefix| Given Name Middle Name Family Name Suffix
Enbo WANG
Residence Information (Select One) () USResidency (@& Non US Residency () Active US Military Service
City Wuhan, Hubei Country of Residence | CN
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Attorney Docket Number | 4123.0180001

Application Data Sheet 37 CFR 1.76 ——
Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

Mailing Address of Inventor:

Address 1 Yangize Memory Technologies Co., Lid.

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

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

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

Correspondence Information:

Enter either Customer Number or complete the Correspondence information section below.
For further information see 37 CFR 1.33{a}.

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

Customer Number 26111

Email Address

Application Information:

Title of the Invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES
Attorney Docket Number|{ 4123.0190001 Small Entity Status Claimed [ |
Application Type Nonprovisional

Subiect Matter Utility

Total Number of Drawing Sheets {if any) 15 Suggested Figure for Publication {if any})

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111{c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section{s} below {i.e., “Domestic Benefit/National Stage information” and "Foreign Priority Information”).

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

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

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

Request Not to Publish. 1 nereby request that the attached application not be published under

] 35 U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.
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Attorney Docket Number | 4123.0180001

Application Data Sheet 37 CFR 1.76

Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

Representative Information:

Representative information shouid be provided for all practitioners having a power of aftorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or compiete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative information during processing.

Please Select One: Customer Number E (O Us Patent Practitioner | () Limited Recognition (37 CFR 11.9)
Customer Number 26111

Domestic Benefit/National Stage Information:

This section allows for the applicant {o either claim benefit under 35 U.S.C. 118(g), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.5.C. 119{(e) or 120, and 37 CFR 1.78.

When referring 1o the current application, please leave the "Application Number” field blank.

Prior Application Status | Pending

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of PCT/CN2018/085421 2018-05-03

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

Foreign Priority Information:

This section allows for the applicant to claim priority 10 a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office fo
automatically attempt retrieval pursuant to 37 CFR 1.55()(1) and (2). Under the PDX program, applicant bears the uitimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a cerified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number (,:oun’(r),ii Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add bution.
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. . Attorney Docket Number | 4123.0180001
Application Data Sheet 37 CFR 1.76

Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

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

This application (1) claims priority 1o or the benefit of an application filed before March 16, 2013 and (2) also

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

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

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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. . Attorney Docket Number | 4123.0180001
Application Data Sheet 37 CFR 1.76

Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

Authorization or Opt-Out of Authorization to Permit Access:

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

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

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. Afier the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign 1P office(s). Instead, Form PTO/SB/38 or PTO/SB/6Y must be used as appropriate.

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

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

).

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access o the instant
1 application-as-filed. f this box is checked, the USPTO will not be providing a participating foreign 1P office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search resulis from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access io the
application in accordance with 37 CFR 1.14.
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Attorney Docket Number | 4123.0180001

Application Data Sheet 37 CFR 1.76

Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

Applicant Information:

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

Applicant 1

if the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the {egal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignesg, person to whom the invenior 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 1.48. if the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

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

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

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

Name of the Deceased or Legally Incapacitated Inventor:

if the Applicant is an Organization check here. X

Organization Name Yangtze Memory Technologies Co., Lid.

Mailing Address Information For Applicant:

Address 1 18 Gaoxin 4th Road

Address 2 East Lake High-Tech Development Zone

City Wuhan, Hubel State/Province
Country’ I CN Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any reguirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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. . Attorney Docket Number | 4123.0180001
Application Data Sheet 37 CFR 1.76

Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be inciuded on the patent
apptication publication. An assignee-applicant identified in the "Applicant information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, compiete this section only if identification as an assignee is alsc 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., Lid.

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
Country' CN Postal Code

Phone Number Fax Number

Email Address

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

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not 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).

power of altorney {e.g., see USPTC Form PTO/AIA/81) on behalf of all joint inventor-applicanis.
See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature /Donald J. Featherstone/ Date (YYYY-MM-DD)) 2018-07-27

First Name | Donald Last Name EFeatheesmne 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

4123.0180001

Application Number

Title of invention THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES

=

This coliection 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 {o process) an appiication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes {o complete, including gathering, preparing, and submitling the completed appiication data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require {o
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 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.5.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 disciosed, 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.

S

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 US.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 disciosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
nd for review pursuant 1o the Atomic Energy Act (42 US.C. 218(0).

~N

A record from this system of records may be disciosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2905. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disciosure shall not be used to make determinations about
individuals.

8, Arecord from this system of records may be disdosed, 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.5.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 disciosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potentiai violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: TAQ ef af. Confirmation No.: 7o Be Assigned
Applicant: Yangize Memory Technologies Arxt Unit: To Be Assigned

Co., Ltd.

Application No.. 7o Be 4ssigned Examiner: o Be Assigned
{Continuation of Appl. No. Atty. Docket: 4123.0190001
PCT/CN2018/085421; Filed: May 3, 2018)

Filing Date: Herewith

Title: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY
BDEVICES

Authorization to Treat a Reply as Incorperating an
Extension of Time Under 37 C.FR. § 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. 19-00306, if such fees are not otherwise provided for in such reply.

Respectfully submitted,

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

/Donald J. Featherstone/

Donald J. Featherstone
Attorney for Applicant

Registration No. 33,876
Date. 7127118

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

9714859 1.docx
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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

r TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE )
3 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 16/047 182

Filing Date

July 27, 2018

First Named Inventor

Qian TAO

Title THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL
MEMORY DEVICES
Art Unit To Be Assigned

Examiner Name

To Be Assigned

Attorney Docket Number 14123.0190001

SIGNATURE of Applicant or Patent Practitioner

Signature

/Michael D. Specht/

Date {Optional)

Name

Michael D. Specht

Registration
Number

54,463

Title (if Applicantis a
juristic entity)

Attorney for Applicant

Applicant Name (if Applicant is a juristic entity)

Yangize Memory Technologies Co., Lid.

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 QN gj } 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.

if you need assistance in completing the form, call 1-800-PTO-8199 and sefect option 2.
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Electronic Acknowledgement Receipt

EFS ID: 33321916
Application Number: 16047182
International Application Number:
Confirmation Number: 7800
. . THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY
Title of Invention:
DEVICES
First Named Inventor/Applicant Name: Qian TAO
Customer Number: 26111
Filer: Michael David Specht/Angela Robertson
Filer Authorized By: Michael David Specht
Attorney Docket Number: 4123.0190001
Receipt Date: 30-JUL-2018
Filing Date:
Time Stamp: 17:29:16
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)l Multll .Pages
Number Message Digest | Part/.zip| (ifappl.)
164277
1 Transmittal Letter 41230190001_transmittal.pdf no 1
25976779e2f265413a6c46196a8de93c9811
a20b
Warnings:
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Information:

133464
5 Power of Attorney 412301 90001_T(rjafnsm|ttaI_POA no 1
) p 34b3f3e4e971568244948f252e764197d6e0)
ecf
Warnings:
Information:
1272778
3 Power of Attorney 4123POA.pdf no 1
16c3979f1c50404839c¢539a781116cedecf]
Warnings:
Information:
Total Files Size (in bytes){ 1570519

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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MICHAEL D. SPECHT

DIRECTOR

(202) 772-8756
MSPECHT@STERNEKESSLER.COM

July 30, 2018

Commissioner for Patents Confirmation No. 7800
PO Box 1450 Art Unit To Be Assigned
Alexandria, VA 22313-1450

Re:  U.S. Utility Patent Application
Appl. No. 16/047,182; Filing Date: July 27, 2018
For: THROUGH ARRAY CONTACT (TAC) FOR THREE-
DIMENSIONAL MEMORY DEVICES
Inventors: TAO et al.
Our Ref: 4123.0190001

Commissioner:

Transmitted herewith for appropriate action is a document entitled An executed Power of
Attorney by Applicant form (PTO/AIA/82B) and the Transmittal for Power of Attorney form
(PTO/AIA/82A), which is submitted electronically.

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

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency
and any additional fees required to continue prosecution or appeal of this application (including
issue fee, fees for net addition of claims or forwarding to appeal) or credit any overpayment to
our Deposit Account No. 19-0036.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOXP.L.L.C.
/Michael D. Specht/

Michael D. Specht
Attorney for Applicant
Registration No. 54,463
MDS/Y-G/amr
Enclosure

9737901_1.docx
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APIE)TI{JII\(/:IgglI{ON I 35115;1)1\1]SA?11‘E G%I;\]A?IBT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMS I IND CLAIMSl
T6/047,182 07272018 2872 0.00 2123.0190001 20
CONFIRMATION NO. 7800
26111 FILING RECEIPT
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.G.
1100 NEW YORK AVENUE, N.W. KOO LA A LA L

WASHINGTON, DC 20005
Date Mailed: 09/06/2018

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

Inventor(s)

Qian TAO, Wuhan, CHINA,;

Yushi HU, Wuhan, CHINA;

Zhenyu LU, Wuhan, CHINA;

Li Hong XIAO, Wuhan, CHINA;

Xiaowang DAI, Wuhan, CHINA;

Yu Ting ZHOU, Wuhan, CHINA;

Zhao Hui TANG, Wuhan, CHINA;

Mei Lan GUO, Wuhan, CHINA;

ZhiWu TANG, Wuhan, CHINA,;

Qinxiang WEI, Wuhan, CHINA;

Qianbing XU, Wuhan, CHINA;

Sha Sha LIU, Wuhan, CHINA;

Jian Hua SUN, Wuhan, CHINA;

Enbo WANG, Wuhan, CHINA;
Applicant(s)

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

Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA

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

Domestic Priority data as claimed by applicant
This application is a CON of PCT/CN2018/085421 05/03/2018

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

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

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 09/05/2018
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/047,182
Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No
Early Publication Request: No
Title
THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVICES
Preliminary Class
359

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
page 2 of 4
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patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

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

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

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

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

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

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

NOT GRANTED

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

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 16/047,182
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
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 760
TOTAL CLAIMS .
(37 CFR 1.16(i)) 22 minus 20= 2 OR [x 100 = 200
INDEPENDENT CLAIMS ! *
(37 CFR 1.16(h)) 3 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 820
* If the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 2740
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total * i =
s (37 CF?{ Iav16(i)) Mins OR [«x
=] Independent * Minus | *** =
E (37 onR 1.16(h)) OR |x
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE($) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total * Minus | ** = -
= (37 oFg{ ?16@)) OR [x =
% Independent Minus - = _ OR M _
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.DOCKETNO/TITLE |
16/047,182 07/27/2018 Qian TAO 4123.0190001
CONFIRMATION NO. 7800
26111 FORMALITIES LETTER

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

100 NEW YORK AVENUE. W B

WASHINGTON, DC 20005
Date Mailed: 09/06/2018

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.

« Additional claim fees of $ 1020 as an undiscounted entity, including any required multiple dependent claim

fee, are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees
are due.

« 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.

+ $ 160 surcharge.

+$ 660 search fee.

+ $ 760 examination fee.

+ $ 200 for 2 total claims over 20.

+ $ 820 for multiple dependent claim surcharge.
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« $( 0) previous unapplied payment amount.
+$2900 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):
Qian TAO
Yushi HU
Zhenyu LU
Li Hong XIAO
Xiaowang DAI
Yu Ting ZHOU
Zhao Hui TANG
Mei Lan GUO
ZhiWu TANG
Qinxiang WEI
Qianbing XU
Sha Sha LIU
Jian Hua SUN
Enbo WANG

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.
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MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO-1360

Application Number

16047182

Filing Date

(For use with Form PTO/SB/06)

Applicant(s) Qian TAO

* May be used for additional claims or amendments

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 51
2 1 52
3 1 53
4 2 54
5 1 55
6 1 56
7 2 57
8 1 58
9 1 59
10 1 60
1 1 61
12 1 62
13 1 63
14 1 64
15 1 65
16 1 66
17 1 67
18 1 68
19 1 69
20 1 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100
Total Indep 3 0 0
Total 19 ‘J 0 <J 0 <J
Depend
N N N
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505222472 12/06/2018

PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1
Stylesheet Version v1.2

EPAS ID: PAT5269241

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date

QIAN TAO 09/12/2018
YUSHI HU 09/12/2018
ZHENYU LU 09/12/2018
LI HONG XIAO 09/12/2018
XIAOWANG DAI 09/12/2018
YU TING ZHOU 09/12/2018
ZHAO HUI TANG 09/12/2018
MEI LAN GUO 09/12/2018
ZHIWU TANG 09/12/2018
QINXIANG WEI 09/12/2018
QIANBING XU 09/12/2018
SHA SHA LIU 09/12/2018
JIAN HUA SUN 09/12/2018
ENBO WANG 09/12/2018

RECEIVING PARTY DATA

Name: YANGTZE MEMORY TECHNOLOGIES CO., LTD.
Street Address: 18 GAOXIN 4TH ROAD

City: WUHAN, HUBEI

State/Country: CHINA

PROPERTY NUMBERS Total: 1
Property Type

Number

Application Number: 16047182

CORRESPONDENCE DATA

Fax Number: (202)371-2540

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

Phone: 202.371.2600

Email: ygao@sternekessler.com, ttopssecretary1@sternekessler.com
Correspondent Name: STERNE KESSLER GOLDSTEIN & FOX P.L.L.C

Address Line 1: 1100 NEW YORK AVENUE, N.W.
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Address Line 4: WASHINGTON, D.C. 20005

ATTORNEY DOCKET NUMBER: 4123.0190001
NAME OF SUBMITTER: DONALD J. FEATHERSTONE
SIGNATURE: /Donald J. Featherstone/
DATE SIGNED: 12/06/2018
This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 5

source=Assignment-4123-0190001#page1 .tif
source=Assignment-4123-0190001#page?2.if
source=Assignment-4123-0190001#page3.tif
source=Assignment-4123-0190001#page4.tif
source=Assignment-4123-0190001#pageb.tif
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Agty. Booken No. 45 23.0190004
COMBINED DECLARATION AND ASSIGNMENT

BECLARATION
As the below named inventors, T hereby declare that
Thig declaration is directed to:
1 The attached application, or

United States application or  PCT international  application

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

U beliove that 1 am the original wventor or an original joint inventor of a clawed
invention in the application.

I hersby ackiowledge that any willful falsé statement made fo this declaration s
punishable under 18 ULS.C. § 1001 by fine or imprisooment of nol more than five {3 vears, or
both.

ASSIGNMENT

fo consideration of the sum of Une Dollar (31.003 or equivalent and other good and
valuable consideration paid to each of the below named foventors, each of the below pamed
inventors, hereby sell and assign o Yasgtee Meowry Techoologies Co,, Ladl, a corporation
formed under the faws of China, whose mailing address is 18 Gaoxin 4th Road, Fast Lake High-

Tech Developiment Zone, Wuban, Hubet, China (hereafier relomred to as the Assignee), bisther

entire vight; title and lnterest, including the right to sue for past infringement.and to collect for all
past, present and future damages, for the United States of America (as defined i 33 UL8.C
& 100) and throughont the world,

{a)1n the nvention(sy knowo as THROUGH ARRAY CONTACT (TAL) FOR
THREE-DIMENSIONAL MEMORY BDEVICES for whuch application(s) for
patent in the United States of America s identified above, 1o any and all

applications thereon, ) any and alf Letters Patent(s) therefor, and

(b} in any and all appbeations that clam the berefit of the patent application
identified above in part {a), including son-provisional applications, continuing
{continuation,  divisional, or contirmation-in-past)  applications,  relssues,
extensions, renowals and reoxaminations of the patent application of Lefiers
Patent theretor Bsted above iy pact {2), to the full extent of the term or ieems for
which Letters Patents wssue, and

Micron Ex. 1002, p. 91

Micron v. YMTC
IPR2024-00788



EORL AN R

Appl No. /047 §82
Aty Locket No, 442331940003

{c} i any and all inveations described in the patent application ideniified above in
part(a), and in any and all forms of intellectial and industrial property protection
derivable o such patent application, and that are derivable from any and all
continuing applications, reissues, extonsions, renewals and reexaminations of
sucht patent application, fachading, without Umitation, patents, applications, utility
awdels, aveator's certificates, and designs together with the right to file
applications therefor; and including the right to olaim the sarae priorily rights
from any previously filed applicatives ander the Intermational Agreement for the
Protection of Tadustrial froperty, or any other international agreement, or the

domestic faws of the country it which any such application s filed, a5 may be
applivable;

all such rights, titlke and iaterest to be held and eajoyed by the above-named Assignee, its
sucesssors, Jegal representatives and assigns to the same extent as all such sights, title and
intarast wonld have beso beld and enjoved by the Assignor had this assignment and sale not been
made.

The below named nventors agree to execute all papers necessary in connection with the
appiication{s) and any npon-provisioaal, continuing (continuation, divisional, ot cordingation-ia-
part), reissoe, reexaminaton or conesponding application(s) thereof and also 1o exeaigts separate
asstgrments i conmection with such application{s) as the Assignee may deem necessary or
expediont.

The below named inventors agree to execute all papers necessary in cotneciion with any
pateat enforcement action (udisial or othenwise) related to the application(s) or any non-
provigional, contimung  {continuation, divisional, or comtiuaiion-in~part), refssue  or
reexaination application(s) thereot and to cooperate with the Assiguee (o every way possible in
obtaining evidence and going torward with such patent enforcentent action.

The below named nventors hereby represent that he/she has foll right to convey the
entire interest herein assigned, and that hefshe has not executed, and will not execute, any
agreemend in conflict therewith.

The below named inventors bereby roproscot that he/she understands that the patent
practitioners assoviated with CUSTOMER NUMBER 26111 arc the logal representatives of,
and attorneys for, the assigoee, and are NOQT the legal representatives of, and attorneys o, the
Bventors.
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IWN WITHESS WHEREQF, executed by the below named tventors on the date opposite

hissher name.

LEGAL NAME QF INVENTOR

~ ot }.3 Y
. SR HHECY
Inventor:  (iaa TAQ Diate S v
N {
.
~ : o N f/{ﬂi
Signature of Inventor: LA

LEGAL NAME OF INVENTOR

s
-

5

Inventor:  Yushi HU Date: bw i

Stgnaiure of foverdor

LEGAL NAME OF INVENMTOR

inventor: Fhenyn LU Dar

Signature of Inventor:

LEGAL MAME OF INVENTOR

. ey I . N G
Inventor:  Li Heag X140 Dare: etoff , D] ol
¢
.. - ‘;“ ) o .
Signature of Invenior: N Mo
{1
NS

LEGAL NAME OF INVENTOR

Inveptor:  Xinowang Dal Date: 23E 91

- /1 N
Signature of Inveotor: >\"M"’¢f>"‘”j ["’"(' |

Fage Fof &
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EEGAL NAME OF INVENTOR

nventor:  Yu Yipg ZHGU

Date:

Signatnre of Tnventor:

—
e

24D

LEGAL MNAME OF (INVENTOR

Inventor; Zhae Hiul TANG

Date:

~{ T
Signaturs of Inventor: J.;{l[zi}f{w{’@m

LEGAL NAME OF INVENTOR

bwverton,  Mek Lan GUO

Signamre of venton

LEGAL NAME OF INVENTOR

Inventor: ZiWu TANG

Drates:

. =tut T AN
Signature of Invesior ,f,ii’u Wi § A N
i)

LEGAL NAME OF INVENTOR

foventor:  Chadang WEI

Date:

28 412

Signatre of foventor: _ GHawaaad  WEIL
|

e
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RGAL NAME OF INVERTOR

. ; N \,‘ “\i S
Inventor:  {ianties XU Date: 2eld. [

Appl. No. 16/047,182
Atty, Dovket Ne. 41230890001

. - ANy \"l}
Signatare of Inventor:  (Miaapand AV

U

LEGAL NAME OF INVENTOR

U s Nt ~
tnventor:  Sha Sha LIY Date: IR B R

. NS Ry
Signature of Inventor: ko Sk h«EW‘\

LEGAL NAME OF INVENTOR

biverdor:  Jian Hax SUN Date:

o
Signature of Taventor: A}E{ﬁ& g&Ws. MAK

LEGAL NAME OF INVENTOR.

o
o

Inventor:  EaBoe WANG Date: : 2./ :

o
b

{
N ¢ 5 H
. g . R g R
Signature of nventor: ;}/Xf SRR v 7 v
%

93036921 docx
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/TITLE |
16/047,182 07/27/2018 Qian TAO 4123.0190001
CONFIRMATION NO. 7800
26111 FORMALITIES LETTER

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

100 NEW YORK AVENUE. W B

WASHINGTON, DC 20005
Date Mailed: 09/06/2018

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.

« Additional claim fees of $ 1020 as an undiscounted entity, including any required multiple dependent claim

fee, are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees
are due.

« 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.

+ $ 160 surcharge.

+$ 660 search fee.

+ $ 760 examination fee.

+ $ 200 for 2 total claims over 20.

+ $ 820 for multiple dependent claim surcharge.
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« $( 0) previous unapplied payment amount.
+$2900 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):
Qian TAO
Yushi HU
Zhenyu LU
Li Hong XIAO
Xiaowang DAI
Yu Ting ZHOU
Zhao Hui TANG
Mei Lan GUO
ZhiWu TANG
Qinxiang WEI
Qianbing XU
Sha Sha LIU
Jian Hua SUN
Enbo WANG

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.
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PTO/AIA/22 (03-13)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

Docket Number (Optional)
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | 4123.0190001

Application Number Filed

16/047,182 July 27,2018
" THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY DEVIGES

Art Unit Examiner

2872 To Be Assigned

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Eee Small Entity Fee Micro Entity Fee
One month (37 CFR 1.17(a)(1)) $200 $100 $50 s 200.00
|:| Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $
|:| Three months (37 CFR 1.17(a)(3)) $1.,400 $700 $350 $
[] Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $
[] Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $

D Applicant asserts small entity status. See 37 CFR 1.27.

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

MO0 O O

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 19-0036

Payment made via EFS-Web.

(<]

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

|:| applicant.

attorney or agent of record. Registration number 33’876

D attorney or agent acting under 37 CFR 1.34. Registration number
/Donald J. Featherstone/ 12/6/18

Signature Date
Donald J. Featherstone (202) 371-2600
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below™*.

* Total of _1 (0ne) forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Atty. Docket No, 44230190001

COMBINED DECLARATION AND ASSIGNMENY

DECLARATION

As the below pamed nventors, | herehy declare that

This declaration i3 direoted to:

The attached application, or

7

e PCT treernationad applcation

United States application
aumber [6/047.182

»
e

The above-ideotified application was made or anthorized to be made by me.

{ believe that 1 am the origing]l nventor or an original joimd wventor of a claimead
ipvention in the application,

I herehy acknowledge that any willful fulse statement wde i this declaration is
punichable under 18 U.S.CL § 1001 by {lne or imprisonsient of not more than five {5} years, or
both,

ABSIGNMENT

In consideration of the sum of One Dollar ($1.00) or equivalent and other good and
valoable consideration paid to each of the below named inventors, each of the below named
meentors, bereby sell and assign to Yangize Memory Techuologies Co., Lid., a corporation
formed under the taws of China, whose mailing address is |8 Gaoxin 4th Road, East Lake High-
Tech Development Fone, Wuhan, Hubed, China (hersafier reforred v as the Assignes), hissher
entire right, title and terest, moluding the right to sue for past indringementand o collect for all

past, present and Ruture damages, for the United States of Amceriea (as defined 1 35 US.C.

5 1) and throughout the world,

{a) i the invention(sy known as THROUGH ARRAY CONTACT (TAL) FOR
THREE-DIMENSIONAL MEMORY DEVICES for which applivation(s) for
patent tn the bintted States of America s wdentified abovel in any and all
applications thereon, jo any and sl Letters Patent(s) therefor, and

{by i any and all apphications that clabm the beneflf of the patent application
whentified above n part (a), inchuding non-provisionad applications, continuing
{continuation,  divisional, or  continuailon-in-part)  applications,  reissues,
extengions, rencwals amd reexaminations of the palent application or Letters
Patent therefor listed above tn pact (a), to the full extent of the teom or terms for
which Ladters Paterds issug, and
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Atty. Dovket No, 41238190003

{o} in any and all syventions described o the patent application iderdified above in
part (a), and in any and all forms of mtellectual and industrial propesty protection
derivable from such patent application, and that are derivable from any and all
contimuing applications, reissues, extensions, renewals and reexaminations of
such pateot application, including, without Hmitation, patents, applications, wiiligy
models, javentor’s certifiontes, and desiges together with the right to file
applisations therefor; and inchding the right to clabm the same priority rights
from any previowsly filed applications under the Intemstional Agreement for the
Protection of Indusivial Property, or any other international agreement, or the
domestic laws of the country in widch any su sch application s filed, as may be
applicable;

all such rights, title and Gerest to be held and enjoyed by the above-pamed Assipnee, its
sugeessors, jegal reprosestatives snd assigns to the same extent as afl such rights, title and
interest would have been held and enjoved by the Assignor had this assignmeat and sale not been
made.

The below vamed {pventors agree to execute all papers necessary in conngotion with the
applica mn(s} and any vpou-provisional, continuing {continuation, clzwsmtmi o continuation-in-

part), reissue, reexamination or corresponding application(s) thereat and 4i30 fo exeguts separate

axsz‘mmuﬁs in coancction with such application{s) as the Assignes may desm nesessary of
expedipnat,

The below pamed Inventors agree to execute all papers pecessary e connection with any
patent enforcament action (Gudicial or otherwise) related 1o the application(s) or any non-
provisional, cootinuing  {continuation, divisional, or commuatmn--t.}-pari}., toissue or
regxamination application{s) thereof and o cooperate with the Assignee e overy way possible in
obtaining evidence and going forward with such patent enforcement action,

The below pamed mventors hereby represent that hefshe bas full right to convey the
herein assigned, and that hefshe has not exeppted, and will not exeoute, any
agreement i contflict therewith,

The below named mveators bereby represent that helshe understands that the patent
praciitioners assoctated with "U‘\H}M%R NUBMBER 26111 arc the logal reprosendativis of)
and attomeys for, the assignee, and are NQT the legal representatives of, and attormeys for, the
inventors
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W,

167047, §&

1)

5
3
3

)

IN WITNESS WHEREOF, cxecuted by the below pamed inventors on the date oppos lte

hisdher name,

L NAME QF INVENTOR

LE

ipventor: (an TAD ate

J S A

){ "- &~
- g §oin AT
‘ {2 LA

avenior

Stgnature of |

EEGAL NAME OF INVENTOR

{nventor:  Yushi HU Drawe:

o~
3

2y

b

Signature of nvenion

LEGAL NAME OF INVENTOR

z

foverdor:  Ebenmyw Ry {

~
N s T & u}
&‘f(«{) { 6\;‘ e ;/ » x'f N
7

Stgnaturs of Investon

LEGAL NAME OF INVENTOR

o ~
foventor: £ Hong X1AO BDate: el s D (/} f ol
¢
Signature of hiveaton v &::gmy &}30 .
;
LEGAL NAME OF INVENTOR
inventor:  Ximowang DAJ Date: 2ol

M

A2 .
Mgy whag B
£

Signature of Inveator:
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LEGAL NAME OF INVENTOR

inventor: Yu Tine ZHQU Date:

. - A4 N {
Signature of Inventorn fu g ZHoU

Appl. Mo, 16047, 1 82
Any. Docket No, 4123019004

LEGAL NAME QF INVENTOR

foventor:  Fhao Hui TANG Pate:

g a{ Saraad .
Stgnsture of Inventor L;.”,;'}LQ;’}Q i | é»;\i’:};

- o gy
?A‘)g’gu A

7
i

LEGAL NAME OF INVENTOR

fnvenion Aed Lan GUO Date:

Signature of Toventor:

LEGAL NAME OF INVENTOR

Inventor Ehiwa TANG are:

o - 1) T Ans
Signange of Inventor L VJ 1 ffig\{{f}
1

LEGAL NAME OF INVENTOR

foventor: CHaxinng WEL Diate:

Stgnature of {nventor: Qmww\i\@ if‘j&i
]
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Appl. Mo, LeA47. 152
Any. DRocket No, 4123.0190001

LEGAL NAME OF INVENTOR

Inventor:  Oaabiag XU Date: &
v ) . ST S N ;
Signatuse of Inventor:  Oloasdord AV
8
LEGAL NAME OF IKVENTOR
: —_——_— - _ a8 v
inventorr  Sha Sha LIU Date: é\”{(\' R

. e She. L0
Stgnatwre of Inveator: Dy Shey, bl

LEGAL NAME OF INVENTOR

fd

%
g
Ry
o,
e
e

ped

s,

inventor:  Han Hua SUN Date:

[

- 2
s ~ Y 21 . § <
Signatore of Inventor: AR WA& A

LEGAL NAME OF INVENTOR

. _ f"'} F: 2 d e s
Tfovenion: EaBe WANG Date: £ ‘}{Ié} e
N 3 !

Signature of Inventor: ¥ V4 ﬁ?s’is-%?f L

=

o,
S,
s

&mn
ey
tn

9303692 1doex
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventors: TAO et al. Confirmation No.: 7800
Applicant: Yangtze Memory Technologies Art Unit: 2872
Co., Ltd.
Application No.: 16/047,182 Examiner: 7o Be Assigned
Filing Date: July 27, 2018 Atty. Docket: 4123.0190001
Title: THROUGH ARRAY CONTACT (TAC) FOR THREE-DIMENSIONAL MEMORY
DEVICES

Preliminary Amendment Under 37 C.E.R. § 1.115
Mail Stop Amendment

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

Commissioner:

In advance of prosecution, Applicant submits the following amendments and remarks.

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

appeal) are hereby authorized to be charged to our Deposit Account No. 19-0036.
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-2- TAO et al.
Application No. 16/047,182

Amendments to the Claims

This listing of claims will replace all prior versions, and listings, of claims in the application.

1. (Original) A three-dimensional (3D) memory device, comprising:

a semiconductor substrate;

an alternating layer stack disposed on the semiconductor substrate;

a dielectric structure on an isolation region of the substrate and extending vertically through
the alternating layer stack, wherein the alternating layer stack abuts a sidewall surface of the
dielectric structure and the dielectric structure is formed of a dielectric material;

one or more through array contacts (TACs) extending vertically through the dielectric
structure and the isolation region; and

one or more channel structures extending vertically through the alternating layer stack.

2. (Original) The 3D memory device of claim 1, further comprising:

an epitaxial layer formed between each of the one or more channel structures and the
semiconductor substrate;

an etch stop plug disposed on each of the one or more channel structures;

a staircase structure disposed in the alternating layer; and

one or more contact layers disposed on the one or more TACs, channel structures, and slit

structures.

3. (Original) The 3D memory device of claim 1, wherein the dielectric structure abuts a

sidewall surface of the TACs.

Atty. Dkt. No. 4123.0190001
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4. (Currently Amended) The 3D memory device of elaimst-er2 claim 1, wherein the 3D

memory device is a NAND 3D memory device.

5. (Original) The 3D memory device of claim 1, wherein the alternating layer stack comprises

alternating pairs of a dielectric and a conductor layer.

6. (Currently Amended) The 3D memory device of [[claims]] claim 1, wherein the dielectric

material is silicon oxide.

7. (Currently Amended) The 3D memory device of elaims—+or3 claim 1, wherein the

dielectric structure comprises an oxide.

8. (Original) The 3D memory device of claim 1, wherein the dielectric structure defines a

through array contact region within the 3D memory device.

9. (Original) The 3D memory device of claim 1, wherein the dielectric structure has a

footprint equal to or smaller than the isolation region.

10.  (Original) A method for forming a 3D memory device, the method comprising:

forming an isolation structure on a substrate;

disposing an alternating dielectric layer stack on the substrate, the alternating dielectric layer
stack comprising pairs of a first dielectric layer and a second dielectric layer different from the first
dielectric layer;,

forming a channel structure extending vertically in the alternating dielectric layer stack;

Atty. Dkt. No. 4123.0190001
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-4 - TAO et al.
Application No. 16/047,182
forming an opening in the alternating dielectric layer stack, wherein the opening exposes the
isolation structure;
filling the opening with a dielectric layer to form a dielectric structure as a through array
contact (TAC) region of the 3D memory device;
removing portions of the dielectric structure and the isolation structure until the substrate is
exposed to form a TAC opening that vertically extends through the dielectric structure and the
isolation structure; and
filling the TAC opening with a conductor to form a TAC structure in the TAC region,

wherein the TAC structure is in contact with the substrate.

11.  (Original) The method of claim 10, wherein before forming the TAC opening the method
further comprises:

forming slit openings extending vertically in the alternating dielectric layer stack, wherein
the slit openings expose a doped region of the substrate;

replacing the second dielectric layer through the one or more slit openings with a conductor
layer to convert the alternating dielectric layer stack to an alternating dielectric/conductor layer
stack; and

filling the one or more slit openings with a conductor to form one or more slit structures

extending vertically in the alternating dielectric/conductor layer stack.

12.  (Original) The method of claim 10, wherein before forming the channel structure

performing a trim-etch process to form a staircase structure in the alternating dielectric layer stack.
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13.  (Original) The method of claim 10, wherein filling the opening with the dielectric layer
comprises depositing the dielectric layer with a chemical vapor deposition, a plasma-enhanced

chemical vapor deposition, or a physical vapor deposition process.

14.  (Original) The method of claim 10, wherein filling the opening with the dielectric layer

comprises forming an oxide.

15.  (Original) The method of claim 10, wherein the first dielectric layer comprises an oxide and

the second dielectric layer comprises a nitride.

16.  (Original) A three-dimensional (3D) memory device, comprising:

a substrate with an isolation structure;

an alternating conductor/dielectric layer stack disposed on the substrate;

a dielectric structure on the isolation structure and extending vertically through the
alternating conductor/dielectric layer stack, wherein the alternating conductor/dielectric layer stack
abuts a sidewall surface of the dielectric structure and the dielectric structure is formed of a
dielectric material,

channel structures extending vertically through the alternating conductor/dielectric layer
stack; and

through array contacts (TAC) extending vertically through the dielectric and the isolation

structures.
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17.  (Original) The 3D memory device of claim 16, further comprising:

a staircase structure disposed in the alternating conductor/dielectric layer stack, wherein the
staircase structures comprises levels with each level having a conductor layer thereon;
a word line contact disposed on each conductor layer of the staircase structure; and

a local contact disposed on each channel structure and slit structure.

18.  (Original) The 3D memory device of claim 16, wherein the dielectric structure abuts a

sidewall of the each TAC.

19.  (Original) The 3D memory device of claim 16, wherein the dielectric structure comprises a

through array contact region of the 3D memory device.

20.  (Original) The 3D memory device of claim 16, further comprising:

an etch stop plug interposed between each local contact and each channel structure; and

an epitaxial layer disposed between each channel structure and the substrate.
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Remarks

Upon entry of the foregoing amendment, claims 1-20 are pending in the application, with
claims 1, 10, and 16 being the independent claims. Claims 4 and 7 are sought to be amended to
remove the multiple claim dependency. Claim 6 is sought to be amended to correct a typological
error. 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: 12/6/18

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

10401726_1.docx
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The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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(3]
Three dimension memory arrays and methods of forming the same are
provided. An example three dimension memory array can include a stack
comprising a plurality of first conductive lines separated from one another by at
least an insulation material, and at least one conductive extension arranged to extend
substantially perpendicular to the plurality of first conductive lines, such that the at
least one conductive extension intersects a portion of at least one of the plurality of
first conductive lines. Storage element material is formed around the at least one
conductive extension. Cell select material is formed around the at least one

conductive extension.
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ALUMINUM OXIDE LANDING LAYER FOR CONDUCTIVE CHANNELS FOR A THREE
DIMENSIONAL CIRCUIT DEVICE
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A multitier stack of memory cells having an aluminum oxide (AlOx) layer as a noble HiK layer to
provide etch stop selectivity. Each tier of the stack includes a memory cell device. The circuit includes a
source gate select polycrystalline (SGS poly) layer adjacent the multitier stack of memory cells, wherein
the SGS poly layer is to provide a gate select signal for the memory cells of the multitier stack. The circuit
also includes a conductive source layer to provide a source conductor for a channel for the tiers of the stack.
The AlOx layer is disposed between the source layer and the SGS poly layer and provides both dry etch
selectivity and wet etch selectivity for creating a channel to electrically couple the memory cells to the source

layer.
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ALUMINUM OXIDE LANDING LAYER FOR CONDUCTIVE

CHANNELS FOR A THREE DIMENSIONAL CIRCUIT DEVICE
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$2 {5k F A — S8 2 — JEBE B - 3% AlOXB {175 3% I 8 /& B2 3% SGS

poly B » H ISt st e RIRa YR SIS AL PR — &
i MERESHESLEERETERERE -

Gorf Y133 (2006.01)

Holl ?-Ygzb“ (2006.01)

(23]

A multitier stack of memory cells having an aluminum oxide (AlOx) layer as a

. noble HiK layer to provide etch stop selectivity. Each tier of the stack includes a
memory cell device. The circuit includes a source gate select polycrystalline (SGS

poly) layer adjacent the multitier stack of memory cells, wherein the SGS poly layer

is to provide a gate select signal for the memory cells of the multitier stack. The
circuit also includes a conductive source layer to provide a source conductor for a
channel for the tiers of the stack. The AlOx layer is disposed between the source

layer and the SGS poly layer and provides both dry etch selectivity and wet etch
selectivity for creating a channel to electrically couple the memory cells to the source

layer.
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A 3D memory device includes a multi-layer stacks structure having a plurality of conductive strips and
a first, a second, a third and a fourth ridge stack; a first SSL switch, a first GSL switch, a second SSL switch
and a second GSL switch respectively disposed on the first, the second the third and the fourth ridge stack;
a first U-shaped memory cells string connecting the first SSL switch with the first GSL switch; a second U-
shaped memory cells string connecting the second SSL switch with the second GSL switch; a first word
lines contact in contact with the conductive strips disposed in the first ridge stack; a second word lines contact
in contact with the conductive strips disposed in the second ridge stack; and a third word lines contact in

contact with the conductive strips disposed in the third ridge stack and the fourth ridge stack.
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A 3D memory device includes a multi-layer stacks structure
having a plurality of conductive strips and a first, a second, a third
and a fourth ridge stack; a first SSL switch, a first GSL switch, a
second SSL switch and a second GSL switch respectively disposed

on the first, the second the third and the fourth ridge stack; a first

Micron Ex. 1002, p. 258
Micron v. YMTC
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U-shaped memorry cells string connecting the first SSL switch with
the first GSL switch; a second U-shaped memory cells string
connecting the second SSL switch with the second GSL switch; a
first word lines contact in contact with the conductive strips
disposed in the first ridge stack; a second word lines contact in
contact with the conductive strips disposed in the second ridge stack;
and a third word lines contact in contact with the conductive strips

disposed in the third ridge stack and the fourth ridge stack.
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Z Il i B AR A SCRTIR 1 & AN SR R SR 26 B n VR r] S AR PN AN [F 7 1) 158
(88 —=J7 ], AR = 4R AE sl e %

(00421 BRI, AR SCHR SRR B S it 1 T T v s~ i B P P AN AS [ g 0/ BT AR
HH R = ANAS[R) 75 17 B A PRI G 4% SC R IR B 5 A St o] (1) 22 1~ 36 S S FE k. o, A 7E RS
B/ SHIHALE R B REAATIRX R, 28/ ST aREE R 2 D ATIR XN R 4
M CEGE T I8 SUR AR 25 OC A MRS SR ), AR B/ M- B R .

(00431 J&] 1A JEoR HAR S A BIAG SR B A9 SERGA) 1 A e B i K. & 1B
JE TN AL HE T AR 48 4 R H A4 SEL I 7 91 SE e 91 1 2 54 A7 i 2% 25 B rP 1) ST A R R 1 sE i 41
FIPI B . B 2 FUE] 2B 2 iR B LA (1948 1-1 fl TI-10 AEURIHIFLE . B 3A &
20 B A BYBOCE, R ELIE 3B AR 3C -2 B 2B RIEB4r B RISk <C” BOR I
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B 4 52 H AL S 7E AR AR A B AL R 75 4] s Tt A1) B9 o S A7 it 85 5 i B ST TR B
— S 19T T 1 -

(00441  ZHEE 1A 218 3C, AR A~ 49 ST (1) 2 TR A7 fig 23 26 B nT L FEHE S MM &5 74 30
Tk HHTE S5 2000 HE BTSSR 30 AT ARG A B AN E 2 HOME B8 IE 100 4R
110 FME AR 1720 10 ELVAITE 51 200 W] 27 i HE & MR 4544 30, I LAl ¥ S5 4L 100 (1)
FRMEFATIEE- -J7 1A DL LA R T . TEEATEL ) 200 T4 547K 100 4256 f 1
B T 18 D3 AT 100 GEAH . L 100 AT AL SAEF R . Bltn, 31 100 7] Aykd i
B A TS A A R A TR B B A RS . AT B B M, IR 100 RAZA LA BRE (SOT) A . 1
Wi, AP 100 Al EFER B B R (B, L R e )2 ) FriR a5 )t
R4 BAE S S AT AR . R 100 )y BAT S — S (it P2 ) [k
SRR

(00451 G0 LA o, HEE MRS 30 AT A AVE S — 510 DL R X H 5+ 100 1)
FRPAT IS — 5 11 D2 SEMR R ELELIR . 4, 9 G974 B I 254 30 Fh 4 2
110 At AR 172 ]9 58 05 [l D2 abfii (K H R Kl % . Z8%%)5 110 WIIE S =77 M) D3
HEBAATIR 100 Lo ZB2)E 110 [EERUNT- MR 172 (IS . A S elm, 4£4
B0 R ZE A ARSI T M 172 R RS B, MATE 100 JFUE S
TANMEBYAELGZE 110b B PR RIASE 110d DR S5 ETRZ4EZ)E 110d EREAHAR R4
2 )= 110c Al LU AR 172 [ 78— sifa i H, 40482 110 B JE BT 45 T Al 172
(RS . ST 100 Bl ) S R Y44 2 110a 7] LU BAF H BB 484 2 110b. 110c
M 110d B, B, B4R 110 FRRE— Al B AR R

[0046]  MHELAR 172 AIIGESE —J7 1A D3 HES, IF AT BAELER)E 110 2 8. Mk 172
AR ERRTE = 4E (3D) SR E RN AL E (4, TEE NAND [RUEAF (3R E ) PIAF
ik 3 B T O P M M 91, 1A BLAE B 1l M FELR 172 8 T IR A 1724 2 AT
MR 1720 W] A5 ST fa i e AR [ 2R . A5 e 1720 AT AR & IR HIATE S 200
LU R AT A ToG. Rk, 26 B 76k 2 o S T B AL AT R 100 1, E eSS TouE D
(8 -ANTTEFEHEE S =7 F D3 {128 %8 .

(00471 g I 1AM AR 1722 A0 F TR FE AR 172¢ AT A PRI B8 a4 6 (RO B AR . 5113,
e DT M AR 172¢ P FPE R Fof 622k (ROt 570 ELVAIE S5 44 200 2 18] [ FL i B k4T
Ja ) ) B O R AR AR R AR, L S T THD PR A 1722 AT FRVEFE T X8 T2 B AE AR 100
(A SRR X 154 538 BB 50 200 22 e (1) e T 2047 42 i) (0 Hh % 35 S 1A (RO A W AR
[0048] Al HL A 172 A6 3 B VA TE 45 200, AR 172 TR — T A ERL S R
M S A GRS REAYE. &R SR AR e mMA s, B, &R
) B el A FE AL LR b S B b R i 2 b — A SEETERE (HEART)
PO BB KRB R I B b — A B, &8 BALD S PR EAGER, B BUEAL R
FBh—A,

(00491  EEAIEZHY 200 ] FIEHES MRS 30 HEIRE A, LRSS AR 100, 5
R LA, RNEE B M SR A 14 30 R iR — AN R R BV TE 254 200 WA PAT T8 5 Al
D2 [ —FIORE —FIQHF . F—FIOME—THIGELW 2002 7[iIFEFE TR DL 5
H_FI@REE TR B IELH 2000 [EIFEHF. A TR ERIELSH 200 GG 2 T
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Hepl. F—3E HVATE ) 200a 155 30 HYAIE S5 2000 EEF— 771 DL AXTFR. 410,
HEENIELE /- 200a ATYTE S )5 14 D2 A ES IR FLIE 4544 200b #0158 TR T4
VIE S5 2000 B REER)— .

[0050]  U34h, S =BG = 3 B YATE 54 200c MV 7@ 11 55 V0 3 B V4B £5 44 200d
WEA] AR B M B WA A R 30 TR — AN, B AR ELVAIE 454 200 1SR VU 3 H YAE 451
200d TS E 5 T D1 W E AR HE EVAIE A5 1Y 200a AEE —HE ELVATE 2544 2000 /- .
1 EYIE S 200a ATEE IR BB LS 200c AT T4 —FI@O K. R EWIES
4 2000 FI 5 JUF LI IEZ5 0 200d A1 2 T4 = 5@ FR . A03G95E U5 HES 0 ELYA JE 45
200 fUAAFTILE 55— 5 1 DI EE M E . QAN TFEHE AR, AR (BIYEH7IE
2 ) 182 n| W B AR ILAH BRI 2 ) . SR, AR B AR TV & VU 51 HE 51 Y 2 ELVG T 25
200, FEH B2ty F, F HIGIELE R 200 TSR E R AL FHER .. W, 5 8m]
NP R T EEE T fio

[0051] B EVAIELEH 200 Al Z55%E 2 /M A 1720 AFFab 172 P60 ke VA 454 200,
e YT LR 200 AN TGS — IR EAE R R 128 B AR R 130 8 R H
VAIEE % 140 FIIEFE A2 K 144, FIRAMHEEIE 130, 8 —FEAE E %R 140 FHEFR 4%
B 1A T AESE REVAIB IR 128 .

[0052]  Ef-—1f ELVAIE 2R 128 i a1 4K 100 . BF— 1 EIATE R 128 [—FK 5]
B BAEARTE 100 W, B R EWIEE R 128 B3 — 89 7T B4 AR 100 B¢ Bk
o B MENIEEZSE 128 A% /A S ML 30 FE S+ . @, £ EEEIEE
Z 128 FITERIL ) /& TS5 4 100 FEATII & I RA AR 172a RITFRIL (49040, ik 6
AR AR TR T ) o o5 — T8 EVIE K4 128 AT A48 2B SR bRl . 100, 88— T2 B Va0
E% (28 Al Uit (Si) 48 (Ge) % (SiGe) JTT1-V AL S Wk T1-VI AL &M F I E D
—A il - R ERIEE R 128 TN AR GRENNER . BBV TEEIR 128 7]
BRI 002 SEM B, BB 247 T A SRR 100 (15 R0 F (15 200 5
KL

(00531  TIZEZS -HEEVAIE KR 128 RYMIEE B AT ZE 164, WAL )Z 161
ATBEEAT B B IE RO AR 1722 55— 1 EVATE FIZE 128 20,

[0054] VS EE =7 1A D3 IEMRIKEE R YA E R R 140 AT B A S — R HWERE 128
P F o BmEAERE M0 HEZEFE —EEHRERE 128, F  EHEERZE 140 7]
W BB AEER 130 SHEA AR T 144 2 0], 1k EHAE EZE 140 nf B4 Tk
FH R 7S B EIR . fE— e ST, 5 R E YA TE EI S 140 ] LA O I T A
JE S R . EH S SRIEF b, 55 - R WIE RS 140 v RAEBWEIE R, 3B A4
UGB TS A4 %R 144, 55— ELVATE % 140 Al ARG ik AR AR AR Sk S0 R a3
Sk SRR, T, 45 TR Y IE % 140 FIEFERE (S1) 4% (Ge) JHEEE (SiGe) . LLL-V
AL S TT-VI AL AT I E D —A B0, 5 T EAIEEE 140 7N E R S ik
FIANGE)Z . 40, 55 35 EVAIE W SR 110 TR R BRI SUAMELE SAM B B E 15
F17 FHEAE SRR 100 (13 BB FE B 200 2 k.

[0055]  FBEAFHE 2R 130 7] B /EHES MR 2540 30 RIS M E VAR % 140 2 8. 3
AT R 130 Af A4 A O TR AR . BT a8 ER 130 W aHEREE ATt Bdh i S
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g, BRI A et I YA TE S5 A 200 SM R 172 2 1) A #LE 22 S 80 Fowler—Nordheim
B& 7 RN R A FE R A R 130 TP OEdE. S8, AR A BAIR T w8 it
AN B E R 130 n A RE T 7 — B E A M EUR IME (B, BT B A7 i 4
e (RS T L H P i 2R B OEE ) .

[0056]  ZHEIE 30, ZiAE AL & 130 PR SHE AR 172 AR S — AN B Z 132, 5
IR EVATE KR 110 AHAREIRRE A 2 136 AR AR FAPSA R 132 BEiiE A 2
136 Z M AR 4766 2 134 Bt 5B A2 136 nl s k2. 7642 134 7]
AL HZ (trap dielectric layer) Bl HA FHACK BN HZE. Fa0, BT
WA S AL o BB — BRI S 132 P45 bR / B k A e (Aild,
AMMERCAER) . BHENBE 132 BFRENE NES . £ B,
FEFEPA R 132 WA CE AR R RS T, BB R 132
AR S A FAL B B E A A TP I B A I AL

(00571 PP FEHE SN LE A 30 LK ik ELVIE IR 140 Z AW E S HEAHE
168, 3F H &8 PRS- H )5 168 FI7ELE45 )2 110 S AR 172 22 [r) bt o {91 %01, 55 — FR4A A
JZ 168 Al B AN T4 100 ZEAR K[ 77 1Al B4, LLZE S5 M rLA 172 (R T2 i AR I
Bilan, 5 R U2 168 TUAEIZERZ 2. Al 5 BRI TRZ 168 TTAaHE S k A U2
(Bt A / B AR ) o AT SRS, TR R R RS A LR 168,
[0058] I 7n 4k [KIZR 144 WHE 75 ELVAIE S 200 [P 75 1H] o 3B R 4025 R % 144 AT {045
AR AR .

(00591 | 7E i EVAIEEE M 200 RS —A B E S HEA 146, FHIEA 146 n/EFES
AR ATE Huth, SRR 146 TPAB MG B AN B AKX . B EIEITESH 200 15
FHIEAE 146 TALWY — iR r AR IX . AR S MR AL 30 ik B ARY T 148 LB
TR 146,

[0060]  AIFEHES MR LG 30 Z [R5 B 5 — VA8 150 DK S RS R 30 ik sy 8. #i
W, VARl 150 T R4S FAFEATE S — 77 1A DL AR & VY ZI (38 B T8 4544 200 (94
LI B VRN 150 T MR ELAR B = 148 B TR [ ZE A A IS 100 o PRI, 55 VA RN 150
AT ALFE AR F AR 100 FHTILEEX 150R. I A —VAAE 150 B, iRE 4 100 1 & i %|
PAFERRIUIE X 150R. V13X 160R AT A 1 [EF A B

[0061]  AIZEMMIHEX 150R Hhik B2 A2 166, G101, a2 166 AT JE pEM
HEX 150R [ UEE AR . 2802 166 ML S 2 164 ) 83 A0 [F (8 46 T
2T . 3 BAAS A HZ 168 B m W E AR R E A E 166 B B AP H)E 168
AR TEHOTZ BRAE M3 [X 150R 5

(00621  AFLWAKIX 154 A TE B AERS R 100 H, 3 H AT AL M#E X 150R. )i vl 2
T B B, A AR (X 154 W] 13 B EHES MR Z5 44 30 2 1R] o 41030, A FEIEAR X 154 w] 76 @t
FE—VRE 150 FREEFIRE 100 TIESE 7| D2 A, Bl iE vk, UANCPFEIEER, A3
JRARIX 154 ] S AR SR SE #4930 Z[R), IR G R 5l D2 ZEf . AFLPER X 164 7]
AFESRE 100 (5 — S HKA R E RS — S RE B 2. F, AER X 154 1]
ARG A (As) BB (P) IO N B0, AFLIERIX 154 AMEE— B X 154a RIEE
BRI 154be B0, BB EMIX 154a AONRIK B AYIX, BB BIRIX 154b AT
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FRE B A, W, B IX 154a (935 AR 1078 A 4 10 atoms/cm® &
25 10"atoms/em’, - H 5 1B 2MIX 154b (115 22M ik FE I B AT A 10%atoms/en’ & 4
10™atoms/cm’,

[0063]  ZHEIE] 2B A0 38, Ho A T AT A IR X 154 (K4 100 7] B E S 18 D2
HHIH 2 A9 X 100a. 2EH X 100a Al BAG TR, 14 TR %E NS HE AT HX 100a
LIEI AT 100 B TR A BA = FE PH. #f) 35, 28 K X 100a 7] HA 5 % PH. 101, 58
X 100a R[4 58 75 [a] D2 LAEE &5 PL 4% BB, B IS X 100a H 48— AT AT
EH A D2 (TR IE PV, fE—Sesgitifs] o, PR PL AR PW R LAF B LK. TR
AT X 100a B4R 100 2 JLIEHK X 154 AT 5 FE H A SRR X CSP AT i 2
LYFAR X CSR. Al AR A FLIEIR X CSP R A AR X 100a FISEH X 100a NI
T 100 HH 9B A MK o ADRE U1 A SRR AR X CSR B — AR 52 NI AR R B AE 8 X
100a Z (B HI4TR 100 B MIX . R, 28 1A SLYEAR X CSP o (99— AN 58 01k
D2 A B T8 PW, 5 H S A FEPE M X CSP AT #3555 5 1) D2 BA U130 JL P54 [X CSR
(1) 6 15 B AR Ssf 7 (R B S DL A% B TAIBRFE . 28 HE ALK X CSP rl 455 — B IX 154a,
I A M AL X CSR A B FEE — B RMX 1564a FIE _BRMIX 1564b. £ _BEMK
154b A 7 58 Y A AR IRAR X CSP /- -3l vh e AJEIRARIX 154 5 B RWIX 151a 7]
VA 7 18] D2 YELLAEY . 55 3B IX 154b TG T 1A D2 ANFELLHUHEES] . 30,
VS T D2 HEFI U E 544X 154b WAL R HE . BB 45X 154a Al{L 4L H:
BRI . B0, 1B X 154a AT AAVEEE_J719 D2 B EHFINE—X
ME=X. F-XEAE L FABEXEG5EREARFENE &E. £k
JEWI R, S — 35 240 1X 154a 7698 A FLIEIR X CSP i g8 — AN el B 5 — s 1 SHLL, I H.
PR3 A ILIRARIX CSR i — Al A S —m 8 SH2. & SHL Al KT8 — i/
SH2. 55 4B3IX 154b AT T MAIESE — 1B 22 W)X 1564a o SR, AR A AR Ttk 78
e sl K B IX 154b FIFIEE B AIX 154a, H H AT LEH 4K 100 H.
[0064]  ALFE T B A R 180a (4402 T 1 H AR A FLEAR X CSP i —4 L.
i, S A )2 166 55 FRES S HLJZ 168 F1 T bR B 2845 [ 22 180a T #2207 HE B 7E 40 i
100 flgEH[X 100a b . FRE B4 % 180a. 55 (A4 2 168 ML ALY E 166 11
B AT 5% Y X 100a ROMIBER AT 5. AL, PR 44 K % 180a. 5 —FHF4 /#2168
Mg a2 166 BITERE (I, PW) AIYEE 55 1 D2 PRI B A M miAE L. 5 4h,
SRR BAASREX 100a FR% NRE AL ES 180a(BU5 5 A HE 168 B
FAMZE 166) W] LA 5B PL A A [F) SR (LR 25 55 4% b 8] B F

[0065] I 2A Fiow, FRETE 4045 KR 180a MIFE 44 KR 180 W # A — MBS o4k, 3F
H T b 2 4 2% B 52 180a AT G BT B 28 2% FE 252 180 ST T bl i a2k %R 180a ATIA TS
MFEX 150R (&b —F0 4, F AT IR BAAE BRI 154a b REATRELSZE SR
180a T AHMZEM AN 166 FI5E —FHPLN R 168 Al E /LM X 150R 111,

[0066] KBS 4asg Kl 5 180 ] EAEHESMIARES 14 30 SURARAEZ (plug line) 182 ZJf].
B, B s a2 I 42 180 AT B AT IR AR LR 182 SMId AR 172 2 0. K B8 4ags ke 180 1]
TR M A — VAR 150 RUMIEEX 150R, 3 H AT Sl il 172 Befih, [ 4aZ K% 180 7]
HFTE A2 )2 110 Z (ARS8, AR AR 172 (MBS BREETEF O m % B S 46
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Z % 180, I FLEIRIELE 182 I BAE AR O, 7E58 5 D2 I, PR S 4 %
180 [ —FH PR , LA 100 B RREE A2 % 180a, JF HFg R 4% K& 180 11
AR SR egag)E (B, giE Y 166 AEE RSN U2 168) — RS X%,
VAT AL X 154, B4t K% 180 ITiEE ALY 2 A BN EBUAY 2
[0067]  VEAIELR 182 AR B A AILIEMWIX 154 L. JEHIRL 182 Al A E il 150
Vo AL, TRARAE SR 182 T ZEAM A U1 X 150R W1, PAVE4E T ASLURAR X 151, JRHZHGZE 182
ATPRAR A SLIERL X 154 (1P . JRARIRER 182 W] S5 — 75 18] D2 s by 28 T 28 .
VEMIE L 182 A E S A HE 168 RIZEIMENE 166, LLiShe 2 A4LJERIX 154,
TERRIRER 182 PUJRR I M — 3897 5 AL X 154 2, I BIEARAEZE 182 1% —H
A G AILIEIR X 154 73 BRI () B AT, VAR AE 2R 182 nf 51 A3 JLUEAR X CSR fY 13
FE A, 3F H AT E T 2 A2 )2 180a.168 AT 166 5 93 A L5 AR X CSP /Y TH 2 1 1)
o PMEIELE 182 7] 553t A JLIEAR X CSP A MIEE (g — 3 3 Ffd o )00, YRR 2% 182
(Y JES 2 L4 ) — T 43 T 45 TR e B A 25 PR 2 1802 BLAEAEAL, 3F HUSAAGER 182 BRI R W 1 5 —
AT 5 AMIE X 154 A 54X 154b BBl JRIRIES: 182 W45 5 dukt k.
Ban, WEAkdEL: 182 FIALFEH 22 )= 1824 fI T HLZ 182b, H00, 22/ 1824 A] 5§ B
X 154b il H H T 5 2 182b fO T B2 A0 IR M

[0068]  #H22F 182a Al Fi & EA & B AN R D —A, B, H 222 182a A
ER(Ti) W4 (Ta) EALER (TIN) VAR (WN) S &AL (TaN) BEATRAEM A A I E L —
Ao 1, FHUEE 182b AT EEIE QIS TAINY S8 . RS RN ) AT IRTE IR IR R 2
182 5 ASLUEI X 154 Z (4],

(00691  STHEEI% 160 A BB EE T 30 . 7E—ResiiEdh, Pe R iR 2k 182
[ K% 160 AT EAERA AL 148 B & 1A Frow, SRR 160 Al 455 & A
S MRS 30 RN 5E T4 160 R FR 4> 160b 4% R 2 A 160a. [ 52 7k 4
160b 1] [y 1L HEZ MR 2574 30 10RE. #F 160a F R — N5 58 07 18] D2 W] HAT %)% BW.
40, % E BY Al 598t X 100a (584 PW IEAAH RIEAHLL. #F 160a Rl E S8 77 W] D2 )i
LN R H X 100a L (AR ERES PL 2 A W BUF B BE ES BL AR L TRIFE . (R, VR B 3R
751 D2 BT RS BL 158 AR 162 AT BT S EERIZE 160 B 55 VAR 162 AT H AT
BTV, EE—JHA DL b, F R 162 (TR E R KT E M 150 %, 5 ik 162
AIEE— VAR 150 1Y T8 B2 R Z R Y B 1A AR EAE S fP AT, PRI, JRikidek 182 AJ
M 160a 2 [0) [ 55 I ARE 162, I L URIRIEZE 182 MIE 7858 VA 162 VRS — 77 M DI
(45 B TR TR AR IR 2 182 1 B 7EMT 160a T/ EIFE 4. #F 160a A FEJRIRGELZE 182 LR
EE— 7 DI SRR 182 22X

[0070]  FE— LSRG, M 160a A 42 HE 2 FIEHES, Wil 1B Fras. #lan, i s — 75 In
D1 4% HEABUT (K7 160a AIASKTFR . PRIE, ARIT (A FL AR X 154 [ H X 100a A A% 7R,
{HARATITEE — A DI 88 « FHHE ., A — s, THER 160 TRAGEEH—
751 D1 JEAR R ELZL AR, K] 4 P . SCEEEIER 160 T BHEE S T m D2 -5 24
B 160a 1M 160a 4514 2 HE B MR Z5 4 30 _FHIZ AN E B9 160b. #F 160a F1JF 2 3 4
160b AL A HE B MR £5 48 30 {2tk iEde. [H5E &7 160b 7] 5 160a HA AH [F ) H 2R
SR AR FHAG AR Tt o 78 H e SE R b, [ 52 35043 160b 1) 58 FE AT X T-#r 160a 58 4
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BT HA BRI #F 160a PR NVEE S =751 D2 AT B %)% BY. 4R 160a 7] #s
FH 1 D2 LLFE E BL A GIRIBE . SRR 160 Al RMW L B R
B RBANZ SRR IS 20 —A Al f S HPTE (VD) TZ
WETZEIH (ALD) LZTRR IR % 160,

(00711 [ Z 4%/ 186 Al B A I ER 160 [, | ZM4%)Z 186 7 HFEH LY
B AR Z B EA)Z . IR AT 190 T E AR LR F4AL 2 186, KR 160
AYREERYZE 148 MR EEALTL 188 o, JRikfh s 190 A %ke s St AL 146, TRtk Ad &
190 Al EREALE (Rt ) o Tl 190 AT ISR 4B Bk 5 44 B2
EATELIIRS IR P =

(00721 FRHE SLHEA 2 T4 77 il 2 25 L ST I ZE 160 n) b7 LM FEAR 172 HH T M AR
172 TR ISR SO e 5 55— J7 180 DY ABRE . 40, r ] 1A A& 24 B, e il 172 m]
BRI oAb A (A A HE B AIAR 45 #4301 114 A AT K% 22 A i A AU (1) B8 — B (OB 85— 1 BV
THEEH 200a FUEEES T1 KT MHES NI ES 30 AUAMIEE 45 5 58 34 T EE A 55 VU B @R 55
VU BVATE 54 200d (ERES 12, 7EIX PGB, A7 T3 —F O 5 — 3 B HE 4 200a
U2 Mo AR 172 (S B AT RS R T A T 55 WY FI @K 55 DY 6 ELVAE 2544 200d K94 1059
MR 172 B s SRS K 30 [SFAT & Al AR 172 FZE G AR R B TR, A
T HE S MR A 30 SURt. PAAYES I 172 BRI, HE S MR 30 fiR
WG LABFEIM™E, K, TRAATEE SR 160 LU LS EE M 30 RIS 7]
W AR EZE 160 [HF 160a B 1IR3 S MRS 4 30 ARG, MRy 1k T AR 146 Y
TR A 5 190 Z TR A REEAIERAEL: 182 5 AKX 154 ZRIMARiERE. Fi,
AL e ST it B 0 B 5 MRS s PR AT B AT S

[0073] 5A A 5B 2r BRI E LA (928 1-17 A1 TT-11" #EUHHAL A, DR R R A
R AR SR B SE G 2 A A R . R SO B R IR B IR S HE R 1A £ -
4 FEAR XA [ T R . B s Ul s S B T SE ) S AT SE R 2 (A 2 5
[0074]  ZHRIE 1A, & 5A F1E 5B, RAE ARG G 2 SAFAE 3 B s LR 4k
J2 186, Hiv BAEEEHRY 2 118 I, JRE IR IRIRZE 182, filln, k)2 484 )2 186 T ik E
PRl Pk b 3PS R 1A B 4 FER K1 AR Tr i 23 28 B SCHE R R 160 1M R
M b Rk, R4 186 7] SIEERYE 148 Hefil, I H w3 Al s i E 5
160 [IHF 160a JI2 R URFMAE X 184, F4bh, LEEAZAEZE)L: 186 W8 S5 IR AR 182, M UIfd
X 184 7| Y35 0518 D2 EEFIAETRMRAEL: 182 1. BRI, VEARAE LR 182 ML ] AN T
JA o 7E—Re S, W] BR U B AR IR AR 2 182 IO MIBE R 50 1 f 9 26 46 25 (&1 ¢ 180 Al
B FERA L 168, M A I, T 100 ORI X 184, R &S 4345 K% 180a F11
FALIX 100a AT HEARPG ML E S Br]iE YL, AR 100 FIFIIAEIX 184, T KA A% E S 180a
R X 1002 P AR shf G E S, f0, AF R X 184 [IEE RSB 44K % 180a
(MR Ao X 100a FMIRE ] SEAA, Ihtf 75, PRANRLR 182 MR EMN — o 5% E
FEATIE 100 FIRH X 100a BRI NS 4226 2% 180a 2. IRIRIGRLE 182 [URK MM A -
A nl 55 B RMIX 154b B fih, 3t B Al IE S —J7m D2 G . ZEE 166 FIEE
TFEEAAHE 168 Al B AR TR B4 E E 180a I H X 100a 2 8.

[0075] 6A AP 6B 2 H VL E K 1A 2k 1-1 A1 11-11 #RECASIAL I, bR iR A
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R B R SERE A B SR G B35 . R OO BB RSB R HEA S R 1A BIE
4 WA RIS R TR . BAgim il o 2 T M el SEiE A S AR S22 (R 2 5
[0076]  ZHRIE] 1A, [ 6A FIE 6B, 7E R4 = B SC o) (4 S /2 g A 26 B p, B2 R4
JZ 186 1l i% BRI ALRYE 148 AT PIRTR M (IR AR LR 182 o %t Wl st AN 7E
AR AR LR 182 B L b s 1 5A B 5B (UFFIUIAX 184 B 77 3B 1SR IR IR 26 182 “F40
1o PRk, YA ER 182 YT (0 m] S ARELARY 2 148 My TUUR fO B AL . PR AEZR 182 1
JEE T () — 315 43 AT 5% BAT AL 100 (381X 100a F 1 R RS & 4525 K26 180a k. VAR
4k 182 MR KR I F 7 — B9 v 558 29X 154b $icfi, 3F Hrlv5 £ 5 —J7 1] D2 2E1d,
SR ALY 2 166 FISE BRSNS 168 Al BAE TR R 422 3R 180a 55 H (X 100a 2
[6) ,

[0077] TAFE T8 4 MR A B 1A BIZR 1= AT L1-110 ARERERA L, LS AR BEAR
S ER ) R 7R A9 S I 80 () - AR AT A S A B . ] 8A AR 8B 43l & & TB I B RIS
a5 CRUBCRHE . RSO BB IS B B A W SRR 1A 42 1 4 #5548 B A R e R R
HATEUL, 5 T BRI Y T S ] 5 RA SRR R I 2 5.

(00781  ZHEIE] 1A, 8] 7A. & 7B, [&] 8A F1 ] 8B, HRAE R Sl fsi) (1) AR A S B B T A,
£ HA-FARAL A TV 0 PR R 2k 182 S MR AF 2R 182 (193N IR I B2l iy 2 JL VAR [X
154, o4, o] 2: 6 ANFE 6B [ T I 2 4845 P42 180a. 88 —FHA4 2 168 FIZE AL
W) 166, 3+ HIEARIEL 182 FIRRI AT 5 KR A A5 X 154 981 X 100a H
B, 22X 100a /] BAT &5 PH o (R, YEARAEZL 182 RIVSE 55 05 M) D2 L4, 3F Hn]
SES 770 D2 HEAI R E X 100a FISEH X 100a 2 1) 4T 100 82k, 87T B
TR 100a FOHF)E 100 Hr 78 A SLIERIX CSP” AT ALE AT ik (88— 541X 154a
FHA R EE BRI 154b, 46, LIRS X 100a Z B4R 100 S M i
A FEPH X CSR R T A4E B AR ER S — 1B 4WIX 164a HEA S E NS BRMIX
154b. B, Rk IS M5 B4 X 154b 7] FASIR)IY 0 E — B 24X 154a BF. F—B
FIK 1540 AIAFE R EWIAFMX . B—BREWX 1540 JAANESE ZJ7m D2 5%
AR S XS X 3 XA S SHL 5 X EA 5 3% SHL AW #4555 SH2. 4
W, B RIX 154a 7158 H A FLIE X CSP” w4 — v Al HAF s SHI, FEELAT 14 8t
AL X CSR™ 8 —ANh AT B i SH2. i SHL FT KT E SH2. B =B 4 IX
164b A[JENAESE— 152X 164a . BRT, AR MR Tl AR ek, 5
BRI 154b n] BB 2RYIX 154a, DUEHEFK 100 . fE—Lesifi i) o, 58 H X
100a AYEEH— 1 D1 4% 2 FHRHEF] . B4, ALIERX 154 FI98H AL IR X CsP’
VGBS — /710 DL ATAIRR, AT E S — /51l DL #2008 2 T . JRARIEZL (82 Alvh
FEH 51 D2 R AL B SR EE VR B R IX 154b Bk, I H AR
&7 mE D2 HEFH X 100a [4FE 100 .

00791 9. B 10 8 1IAE] 1218 13,1 14A 2 21A A 148 & & 21B J&an H fER
Pt AT B A R s AR SERE A (1 F SR B AR B B I TR LS TR R . I 9. 1] 10,
el 1AL 124 1 13 AP 14A 2B 214 &% BT B LA 192k 1-1 ik, Jf BLIE 14B 2K
21B AN T B 1A 2R TT-117 BRI . & 118 A& 11A FIER ‘A7 OB B 19C
A 19D 452 B 198 BER4r B7 FER S ‘C7 BIMCREL.
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[0080]  ZHRIK 9, LM 10 AT RAEXIE 100 Eo B, Bl 454 10 7l 8528 B A HE
BB EATIE 100 EAOLRZ 110 FIAEPE L (12, 7E—Seskifl b, a5 0 (10 Rt )2
112 HpRE— A al adE 24 2.

[00811 4K 100 A AHEHSARM AL B0, 4650 100 WA Ty b G B8 B e I Bk
NofgAt . Al B, 11K 100 AR SR L RE (SO1) 4. #18, 41 100 Al A iE i B4
B B AR B SAE IR A% ZE R SR (B, 2 I E B
) o K 100 iTAFERATE—SHEBA (Fa, P A KB EMX.

[0082] #2112 Al FHAHNT T4 2 110 A TRZEF MBI R B0, f£F1Fl 1
VAV R T2, A 2 112 (s 2R T AR 4 2 110 BRI 2R, B, 4% )2
110 i RE—A 0 S AR ZBURALRE 2, 3 A 112 P RgRE—A ol 82
BAEER AR RS R —. LR 112 AR T4 %2 110 B4 %)
HERPEI R R . 7E— B sElE ], 4025 1LY 110 TR R, IR HARPEL 112 AT AR

WwiEE .
[00831  A[FIHH CVD 12, B FERTRIG CVD L EBRALD L ETEMdas: 2 110 fsmsd
2112,

[0084] M) 112 )T AR SR . 7E L8 SERER b, 54T 100 24845 )2 110a
ACRIE VR T 2D T 2 ek 2, R HA4 42 110a EE A AT HE
HiZ = 110b, 110¢ R 110d FIJERE . 78 57— RS2t ) 1, AT 100 FFEA 58 — /N HE S i 4 25
J= 110b. s R85 2 110d A B4 S i B #6455 110d AHAR I #6422 110c AI L HE
%) 110c BHHEE 112 FHE,

[0085]  ZHRIE 10, ¥AIEFL 124 AT N BRI S5 M) 10, JTETL 124 FTE ALK 100,
[0086] AT A | SR AR R 5 4 10 JERRVEE AL 124, JAEESL 124 FI 5 1A FiR
() 3 ELYATE 2544 200 F A R aCHER . 0, & 1AT T 55 07 17 D2 VYD 1 vaiE
fL 124 AJ R4, I B2 A H TR E B E S — 77 | DL IGFEF . KR EAR T
PUFNETEFL 1240 L6 HESHER T, VAIE L 124 I E RS e H A T2 5 HH . ST A
TEAL 124 I8, TUAE AT IR 100 3o B4 2] AR s U1 iR X 450 4, 11133 X (998 2 8 Bl T2 10nm
% 200nm.

[0087]  ZFRIE 11A AIE 11B, T HAIEL M 200 Al RAEATE 100 L. B TESS 200
A2 IE R 458 10, 3F B Al VEAE 88 =7 1] D3 AL, 53 BLVAITE 458 200 A] 4 AIE 7R IE L
124, 5346, EWIELS ) 200 o] 2B 4R 100 o (Blhn, BRI L 124 77 M3
X ). 3 EVEELS R 200 PR — D] G5 S — I HVE K % 128 FHR AR X 1305 2
WEHWIEEER 140 FHEF LA E R (44, FEHWIERSR (28 nIEFMHE X, JE H Al 44
TEHSFE AT 100 Hh ELHb S 11 S ELVAE B SR 128 AlIETRVANE AL 124 PRER— DT
T4y i, 55— HRTE RIS 128 TR, DLS RS 10 & R E 422 110a Fli
N R4 R 1120 (M RER . AL, B REATEEE 128 IEA[ 5 H, DL 85 WA 100
THEE A HER A2 )2 1100 PIUEERS- TR . i, 55 -HEEVAE KIZ 128 TR ]
Eb MRS JES 100 AR 58 MBI Z )2 110b TR EIK. $—EEWIERZE 128 A/ 4
oo SRR, BN, R E R R 128 Al EEE (Si) 4 (Ge) JHikdE (SiGe). I1I-V
WAL ST TT-VI A S R 2 —A B, 35— E I E R 128 il @Rl 4%
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AR (SEC) LZEAME SR 88— H A B % 128 Al HEH S M 5
JEE 100 {9 R BV R 1998 2 . 140, 48 SEC T2, 55— T E1va B K% 128 ] A 7544
B, AT B, SR BB R 128 R E AIEA L EBAB A,

[0088] 3, GBI L5 10 (KIBPE A7 i B % 13055 30 B yA i [ 4 140 FIE 78 4625 ]
R AT E - EEEEE 128 1.

(00891 A 77 A el 130 T BB AL 124 BOAIEE . 1 a0, Bk 77 1% R 5= 130 7RI
FL 124 P MIEE o] BAT (M B AEFAR, I B ] VA TEFL 124 (¥ 10 i 4E /o 28 55 — 1 ELvA) 18 ]
128 IR E. B0, BAEAFiE EE 130 7] B4 MoF s AR . BEEFEEE 130
AT LRI 25K 10 (A2 L 110 FOAMAELS 112 2k, BB raEER 130 AIafEEet 7 %
WHEZ . B, B R 130 n R feiE M Powler—Nordheim [% 25 208K A7 % 51
TR o SR, AR A R IR T k. w4 o, A% 130 AT R R AT 5 —
b R B EAR NS (Bln, AT MR B R e T 2 R s A E
MHEZE) . BIFMEERE 130 7] HZ N EER K.

(00901 it KAl A7 ik 4 130 FIEFEE— PR 2 132, AT (282 134 FNFETE /i
2 136, Wi 11B fos. B, 55— 2 132, EfAE k2 134 FIBEIE A L2 146 7] 3%
WP R AEVTE AL 124 BN TIEE | 55 -FRES S RE 132 TIAHE SR ER / 303 k A
BE (Bl A BB EBE) . £ AN B2 132 TEHPERE MR, 11—
o st vh, R4 R 132 DN R AR E R 2 . 78 K e seitifld, 55—
P 132 TR R AR BB S S R P E LA 2 N E
=N

[0091]  HLfFAEZE 134 A AFEGEUH T RS AL SRR S BE. s, P B
AR RALREZ . Blan, BEHEA B2 136 Al ARG AL . m R TS5 B A R G cvD
TEBALD T — RIS A 2 132 R 24682 134, AR A SB35 cvD T
2L ALD LBV LB TR R E A R 136, FRIE A LR 136 7] 54 AR i E R
140 £ fb o

[0092] %F EREVAIEIZE 110 TR IR EVAIE KR 128, 3F AT 5 H 47 4% K
130 . R EAE RIS 140 AMER U RATAIE L 124, LR ELERIR. 8
TR EAIEEE 140 FIIEEE =7 A D3 1. R EAIERIE 140 AT B A H A 1 T
(e s B R TR . AE— S S o, 5 IR EVAIE R R 140 [ TR AR s AT O . 46
Foe Seit i) o, 5 2 E IR R 140 ] R ERIIESL 124 A B FIEDAZER 144
(B . 55 0 H I8 E S 140 Al AFEE SRR . Wi, 58 3R Vg TE E % 140 Al A
2 @ AR AR E T SRR B G S AR R B, S R ISR 140 AT
FERE (S1) (88 (Ge) JEESE (SiGe) JHLER (Gads) \TTI-V AL AW T1-VI ik &V e 10
EBAY ISR —A, 5 3R EVE R 140 AT HE R B AR RE R B 21T 3
FHBAEHE 100 (5 BXRHR G B =Y00E SEME. AR ALD T2, VD T &
EAMEAEK TR - ERIEKIZE 10,

[0093]  AITERGIEFR AL RIS 144 DAETS B AT 8 — It HyRiE R4 140 1iiEdl 124, JHFS
AR 144 TALHE S E BB E . B TR R A 444 R 144 2 BTHAT SR
KT Z WAL AT G678 T-55 TR E VA8 R 140 Y Sk EkiG .
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[0094]  SHEIEAL 146 7] 2 T AGAE IR VAT 4544 200 b #i4n, I E VAIE 45 200
A BRI, BEE, M X A E A S AR LU A T RS 146, 7] & i, 708
B RYEN 25 R ERIEEE 140 PR SRS 146, JRIXATE R B S
FAEAL 146 RSS9 i RS 140 do SELRDZE 148 AT RGAE 5 B R 4L 146 TR
L% E 110d L.

[0095]  ZHEW 12, TIAG LRS54 10 IR, PAFEAR BUAH 4R RO I BV TA 4544 200 £ [T RY
VIR 150, H—VRE 150 AR E H K 100, ALIERIXFE—BRYIX 154a AT K
FEIRTE 5 — VAR 150 2 B2 R4 100 . 51, AR G454 10 FIHE & 1A m PR TR 1, DU R
FE—VIRE 150, B0, VAR 150 AT TEAE S A FERE S 507 i D2 “EAT I TU B £
()3 BLVAIE 4544 200 &AM Z T8 FE - eSSl 4, 55— VA% 150 nf R & 3 a0
ETRFIE T FECH £ 5 EEF) (13 B VGBS 200 A2 6], H— Il 150 T3R5 % —
Jr1 D2 LA & LLA PRSI 25 10 PTIEIE 5 — A 150 # R A2 MRS 10, T
12 iR e 4T RS — VAR 150 I, AP RS 100 32 5k 2 LAJE s U153 X 150R . 46, U733 X
L50R [ )% Y6 F P 2N 5nm % 150nm. M3 X 150R A7 2AT TE R R MIEE . E—B X
164a AT RCA B YR X 150R. —1378M X 154a A AL [ X 150R AT A2 AT 1 -
H- BRI 154a TTEFES R 100 B -SSR MRS S8 (i, NAY)
(B4, E—BRYIX 154a iRKIKRES 20X B0, 70N 2B 2081 (B, qf
(As) BFOilE (P) BF) VL&) 10KeV 4] 40KeV [IEE BFIZ 10%atoms/cm’ZE 4 10 Patoms/
e’ I EEAFE 100 H, N RE—BRAIX 154a.

[0096]  ZHEIE 13, i 78 B 28 158 nf M2 AT S5 — VAR 150 . a0, WS 78 2 0l )k
EEBARYR 148 |, DUIEFEHE— Wl 150, ZR)Gm @ T [F ik L 2Ek i S0 e (cnp) L
SR P B L E R R 148 (TR E N IE . Rk, WP SR R 158
AT RRAE B — VA 150 . AAIE S E R 158 I[AE4 L% R 2 SRR eI T A4S .
g, AR 7 2 158 M4 )= N B Z ik IR IR BT RS (SOH) 2Bk £ SOH 2.
AR CVD T2, ALD T 2B T &S st 75 I & 158,

[0097]  ZHEIE] 1A, J&] 11A Rl 14B, 3 HE 42 160 TR eSS 44 10 Fo @i dn, SCHE 1A
%8 160 A JE A AT IR B ORYP 2 148 AlidE Ia 78 B 22 158 b Pl 1A o, Al R £ R %
160 LAFE 2 A 160a R4 B A 160a (18 5E#H4 160b. 540, A S 8RS E 148
SR E R 160 FASER B R 10 RV 234 160b R R 4544 10 1F %
FEIME 160a. #f 160a n/ W& B —J7 1) DI ERERAEE A % 158, M 160a A RE— T
FHE DA D2 W HAG B BW. HF 160a AIVRAE SR 05 1 D2 LAYE B BL AR Sk R PR . A,
T HAE IR 78 R 158 (IS8 ikl 162 n#EE SRR 160 . 55 4l (62 i LA
YA S 7 D2 B B BL WBREEIE . A0, B R BL BT ELBE B BW K JLfE 2 L5 . 78
E—77m D1 b, SRR 162 (KSR T A YA RE 150 [ 9)E . B VRE 162 FIEE—
150 MAFESE—TJ7 A DI B 588 2 (MR 22 880 N 144 FORIIEEES S BIPIf5 -

(0098]  fE- LGSR, STHEIKIZE 160 BN 160a 1] #42HE 2 T4, i 1B P 4,
IS —77 11 D1 4 BEAHAR M 160a AT AR #RIF AT #4208 2 =S . 73 e seiihlh,
THREE 160 A HAREE— T DL M E LR, WE 4 ok, EE 4, THEEE
160 Al B AZA, I HZHEER 160 A[IEES 71 D2 HEAERA R )L 148 b, 4%
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K% 160 ATAHE 2 AR 160a, TR 2 AN 160a Y2555 —J7 ) D1 5 HATPE 70 IR 158, 3F
AN IR AARY L 148 Lo B0, 5HF 160a B FEAF R HITZRE 23549 160b Al TZAK
AEREHIEH 10 o ST, AR R AR k. 052 740 160b Y58 7] K47 160a 958
JE, B T AAT B FAR . B 160a IR ATAESE 5 D2 R TEIE BY, FE B
160a AL T REEE 2 BL 545 55 5 1A D2 48 Uk 8] s 5F

(00991  ZHUIK| 16A AT 16B, JF O [X 0A ] JE s AEBE I £544) 10 o TR 55 VA 150
FEE VARE 162 J:pramitk 2 112 FOafqE e se 4K 158, LATT 28452 110 Z TR RFF CTIX 0A,
B, fn EAEREE 112 AR R B R 168 R E R HAS)E 112 B = EAbiEZE
T 1l TR 1) T 5 A TR ) o 221 Y980 45 160 (R P e 0 122 112 RIS 7S I R 158, LU
JEHETIX OA. 701, A SRk 2 112 2 AL A2 I EL it 1 78 B 22 158 J2 SO 2, T m) i
IEARAL L2 B H T8 B 158, 3 FLATFI F A FEBEER (K T 20 7 S Bk 2 112, FF 0
X 0A Ay H AR T B AR I X . PlEE A O X 0A 255 MR ELVAE 4574 200 1—L638 5,
Blan, AT T O X 0A #5211 e BELVA B 258 200 AR F B 5 130, 5040, alidE 7 A
X 0A Z s 0FigElZe 130 O —FREA R (B 1B 9 132) o U)ok, AHERFF DX 0A
TR — M RES—EEWIEEE 128 (MR, SR-THHE 112 T IE— 1K
OA TTVR G- J71H DL AIES — 77 [ D2 ZE{H.

[0100]  HEFEILYZ 164 A ERLAT 55— B VAIE FAZ 128 BIMIEE |, HEM AL E
166 WA RLAE MIBEX 150R o 430, A 58— T ELvAE I 128 AL 1 [X 0A B EE R
EEEAL LU AR SE A 2 1640 RIS, B mlE M UIE X 150R % 82 (14 100 44k LUE
G EAYIE 166, M1, nf B IEAH R AR L T 2088 M3 X 150R B FE S —
VHIERI % 128 FIMEEFT TR 100 E ik B A L ZT RO E L E 164 7] 1R
PSS MR A . S EA)E 166 TR EREIEE N3 X (50R EEEME—
B2YIX 154a AR 100,

(01011 ZIRIK 16A M 168, 55 PRA4 L 168 MR S #2170 AT $ K7 T RAE AT I
100 L, BUEAFTTIX 0. AIJERE RSN H)Z 168 AR HIZE 257 111X 0A B SR 1
Pl 28 PR U2 168 T S5 2825 2 110 (Y THR AR R k. 25 PALS )2 168 1]
51 HVATE S5 200 FOUEEEE M. {9050, 55— FEAS A2 168 AT — M LE 132 2
fike A4 FE IR 168 Al 5 HE—REWIERE 128 ALY E 164 Bid. 55
RS LS 168 AL R M X 150R 1, PAJZAEZR M A )2 166 F. it 5
P HJZ 168 nf A R Z MR B, AN B2 168 n A s k R (f
W, EAEE B E A AE R ) o FEFLESEREH] P, TR T A T W S B A R 168,
[0102]  AITZAuM bR i) 170 DUEF A SE A L 168 IFF DX 0A. 40, # 4k
SHZ 170 ATEBES SR SHE. BLL IS HE 170 iTEREESE 2 SR E
& RBEMYET T L —A W, &8RRG A BV B T R A — A
AR ALD T. 28K OVD T. A& B2 . B, & @it Y= vl QR IL R ik B LRk fk
AR AL B BT S P I D AN TR SRR, TR 2 T E AT 4R 2 DA
HARFFOX 0A, 3 H AR 2 ik 2 A4 8 )2 T It b 3T T 248 e 37 AT j 4 J@ ek Ak
WE. #l, 4 EEw)Er AR E LR B s E P i 20— IS EE 170
ATIE AU [X 150R (Y E A —F4

19

Micron Ex. 1002, p. 302

Micron v. YMTC
IPR2024-00788



CN 105047668 A i‘ﬁ FA :F!' 16/21 70

(01031 ZMEE 17A AT 178, HEB MR EE A4 30 AT RAEAT IR 100 | HEF MR S5 H 30
Hyd— AN ARG H 0 3 B AE AT 100 EROMEEAR (72, 76— S8szitl o, v AR S i
J2 170 2517 v PR bk 2] AR RS 5 56 =7 1) D3 AR 70 B8 O3 S A il 1720 90t A
W 172 AT HATIRE S —J7 18 D1 MAAEEZ 110 [N B2 25 3 VA TE 45 1) 200 8 &) 033 (0 4
B Rk, W& 58 =07 ) D3 15 JLAE AR AOMI LR 172 AT A B L b 3 288 DAB 1R
TR R . G558, HES M ES M 30 vh iR DT EEAC S I B B Hh 3t S AE 41 100 1%
g2 110 FIHFEAR 172,

(01041  [FIR, an SR an S B R 1A, ] 24 IR 2B HEIRBOTREE, R ELIE 51 200 55 HEE MR
2546 30 P 2 AMVEE 2 TED AR M AR, 172 BB AN TR ELVATE 45 44 200 53 SR 4544 30 B9 A5 T
BEZ [A) R A 172 B0 AS ], T3 S AR 450 30 2B M ER AR 172 (350 B R ) e
iR Bl 5 HES B R 172 RIS R0, SRR 30 RIS A F E ™ E,
SR, WA A 2 W oy JE R S B 5], mT I S #8160 Ik By 1E kB PR 25 #) 30 O ATt
MR B, HES S 30 TLEIE ST B R 160 (AT 160a 47 L2, MM ] 6 £ HE S A
WREEH 30 &S ke P, LAV B by 13 SR £5 40 30 BRI G . &5 53, HES MR 455
30 AL/NERB IE AT A SR S T AT B T AR %,

[0105]  ZHEIK 18A MK 18B, FEES 4L )E 178 T AAEHE B FOMIL S 1) 30 L IR 5E- -4
R 150 H1. I an, BE i 2 gs = 178 AT BLAT /1307 %8 160 LA — VA8 150 A v 162
(N R ERRMEE TR, FEE 42 178 I A3 X 150R. BEE 422 178 iR Al 44
FRUE ) 110 Z A RS E], DURS M AR 172 Bomil. PRE4ask )2 178 W AR E MM V|
WESRERMAWE. Al FHE VD TEBALD TERREELALE 178,

01061  ZMRIE 19A. B 198 B 19C AT 19D, FE B 46 2% B % 180 7] B AE HE B MR 45+ 30
Z BN 5 — VA 150 [ PIMMIEE [ . bR 4025 B 2 180 KB R AL 55 7 162 [P MIEE [
FELIX 110a AT R AE R 55— VA48 150 B HIFTR 100 &, 5F H T WS 42 B % 180a 7]
TERAEFEH X 100a FH I RE—A> o 420, AT 3t 4% p) ek dh L 25 Il i b B 4625 2 178, BL
LS VE R 150 FIEE YAl 162 il kb B 4 2% PR 180, JLie, WK 55 —FR44 4 )E 168
Mg EAYZ 166 5IREAL)ZE 178 - iBidZ], UREF BERYX 154a. F4b, T4
WILAZREE PHASHJE 100 5T fEvhZ]. 7rFs 2 4i4 2 178 RUiZ i T. 2, ST % 160 FI#HF
160a Al (R4 B AL 178 234, IR T B 4a25 B 180a. Hb)ibil, FREE
#a % 180a AN BL T7EMF 160a T 7 IR E PR E AL 178 WBTRE Y. TR E A% E
% 180a 0| 78 Il B HH 54 160a A E &, I H W55 5 17 D2 HEF. i, NREES 4
Z % 180a PR PRI EE R 5 160a H&E— A FMEEX 7. 3 PR H)Z 168
H—R R E AL 12E 166 (TR I ARFRE RS 4 - R 180a FIR— MR,
I HASJE 100 FURLLIX 100a A] T S AE 2P AL JZ 166 I HARFED T 7. 8RR
JZ 168 FZE A Z 166 I H AT A 1 %)E 7] 5 B 445 E % 180a 0% )5 H A o
FHEE 100 (98 tHIX 100a 7] E A 5B PH, IF HLAE A TR B A% K% 180a TRHHE—MOT
T B PH ALK REF 28 H X 100a (810K -5 28 0h 21 (941 IS 100 [ TH 2 1 .2 18] 1) 16 21 B
B o HATUE UL, R 100 B9 HHIX 100a TR S8 77 M) D2 HEZ . T B 46 4% K1 2€ 180a 1
R B8 40 25 PR 2 180 AT Db il Be LIA R — AN IE A AR . BB 4 BIZE 180 W LA 758 — VA4l
150 FEE il 162 (1 P MEE LT Bk R IRIBR AR TR, I B R B 4 2 R 180a W] T L AE S
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—VARE 150 BRI I, L BT S8 B4 160 BN 160a. FREE 284K % 180a
EREREAGEE 180, Fl, BEAA%EE (80 nlyTEE— ik DI G AR 172 1
MFEE . TraE 4L E S 180a MSELIX 100a y5E R 5 R D2 Al B J5 /5 PW. MR &4
P 180a AIHSESE 5 A1 D2 LT ER B PL A BERIRG T . RHX 110a A iE$ 5 F
D2 @i FE 28 PL % kB BT . T FE PW AT B ARSET 98 A BW, I HLPE S PL n] 5 85 5 BL JEARAH

.
&,

[0107]  $&, AT B RHIX 100a Z M FFHE 100 HIEREE 572X 154b, 3 45
X 164b PG4 771 D2 HEF, ¢ H AT R AE i 4 85 — 77 1A D2 SR i 88— 45
FMIX 154a ho F_BIRYIX 164b AU KRG . 76— LsLiEft, 5 BRMIX 154b
Al ZEE B RYIX 154a, AR 2 FHE 100 1.

[0108] B4 MIX 154b FIE—B WX 154a FTHI A TIEIX 154, TS AME
FREEANZEHGE BEMIX 154a KIAE 100 o, UERE B RWIX 154b. 60, 5
“BRYIIX 154b PIEFEH SR G E B RYIX 154b FIIB RN T SR R 195 2%
Y. HAEDL, 8 B eIX 154b TT B AT — SR 440 . W, 7] DALY 5KeV &
) 30KeV [ REE AL 10 atoms/em’ZE 4 10 Patoms/cm’ (K7 B N #5228 1 (640,

B (As) B FEEE (P) BT ) FEABMTE 100 o, NI REE 521X 151h. A JLIFEIR X
164 A EHE T H A FLUFAR X CSP A M 3E 23 FEY5AR X CSR. S HH A HLIE K X CSP H [ — 1~
Al RRAE L R A R X 110a RIAHER 100 s EE—AN e, 3 B A PR X CSR H )&
—ANAITE AR S X 100a 2[R SJE 100 7, TJE PE S5 98 H X 100a AHAR (4R 100 H.
T AFHIERIX CSP H i R— A n] B3E B — B RWIX 154a 1—3 4, 3¢ B3 A FL IR X
CSR IR — N ARG — 1B 241X 154a [—32HE B 4K 154b, B2 X
154b AT AL ZE 5 X 100a FTIEEAT 4R 28 HE A JLEAR X CSP A,

[0109]  FH—BRYIX 154a Al EIEEEREARKX . B, B5—BRYIX 154a 7] B
IHESTE D2 ZHHAE X AHE X B XKEATE &)Y, F AR X ATSE
—REAFNE ZRE ARG, BRI 154a AR AFLIRRIX CSP
B MRTTEAE - mEE SHL, AR A ILYRAL X CSR iR MR RS R
SH2., {54, % — & SH1 7] A T4 — &% SH2.,

(01101  FE—iesTjiaflh, W EEWE 1B FroniaE S —J7 [ DL & 2 R 160a
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