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PTO/AIA/15 (10-17) 
Approved for use through 11/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

UTILITY Attorney Docket No. 4123.0480002 

PATENT APPLICATION First Named Inventor Jifeng ZHU 

TRANSMITTAL Title See 1 in Addendum 
Priority Moil Express® 

(Only for new nonprovisional applications under 37 CFR 1.53(b)) Lobel No. 

APPLICATION ELEMENTS Commissioner for Patents 

See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO: P.O. Box 1450 
Alexandria, VA 22313-1450 

1. □ Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS 
(PTO/SB/17 or equivalent) 

2. □ Applicant asserts small entity status. 10. D Assignment Papers 

See 37 CFR 1.27 (cover sheet & document(s)) 

Applicant certifies micro entity status. See 37 CFR 1.29. 
Name of Assignee 

"I 

3. □ 
Applicant must attach form PTO/SB/15A or B or equivalent. Yangtze Memo!)' Technologies Co., Ltd. 

4.[xj Specification [Toto/ Pages 25 l 11.D 37 CFR 3.73(c) Statement [xJ Power of Attorney 
Both the claims and abstract must start on a new page. (when there is an assignee) 
(See MPEP § 608.0l{a)for information on the preferred arrangement) 12. □ English Translation Document 

5.[x] Drawing(s) (35 U.S.C. 113) [Toto/ Sheets 13 l (if applicable) 

6. Inventor's Oath or Declaration [Toto/ Pages l 13. □ Information Disclosure Statement 
(including substitute statements under 37 CFR 1.64 and assignments (PTO/SB/08 or PT0-1449) 
serving as an oath or declaration under 37 CFR 1.63(e)) 

D Copies of citations attached 
a. D Newly executed (original or copy) 14. □ Preliminary Amendment 
b. D A copy from a prior application (37 CFR 1.63(d)) 15. □ Return Receipt Postcard 

7.[xl Application Data Sheet * See note below. (MPEP § 503) (Should be specifically itemized) 
See 37 CFR 1.76 (PTO/AIA/14 or equivalent) 16. □ Certified Copy of Priority Document(s) 

8. CD-ROM or CD-R (if foreign priority is claimed) 
in duplicate, large table, or Computer Program (Appendix) 17. □ Nonpublication Request 

□ Landscape Table on CD Under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form PTO/SB/35 

9. Nucleotide and/or Amino Acid Sequence Submission 
or equivalent. 

(if opp/icoble, items o. - c. ore required) 18. IB] Other: Authorization under 37 CFR 1.136{a2{32 

a. D Computer Readable Form (CRF) 

b. D Specification Sequence Listing on: 

i. □ CD-ROM or CD-R (2 copies); or 

ii.D Paper 

c. D Statements verifying identity of above copies 

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS). 

(2) For applications filed under 35 U .S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an 

assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary 

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

19. CORRESPONDENCE ADDRESS 

IB] The address associated with Customer Number: 26111 OR □ Correspondence address below 

Name 

Address 

City I State I I Zip Code 

Country I Telephone I I Email 

Signature /Donald J. Featherstone/ Date 9/10/18 
Name 

Donald J. Featherstone 
Registration No. 

33,876 (Print/Type) (Attorney/ Agent) 

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

9960940 
If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Addendum 

1. WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: ZHU et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: To Be Assigned 

(Continuation of Appl. No. 
PCT/CN2018/l01308; Filed: August 20, 
2018) 

Filed: Herewith 

Confirmation No.: To Be Assigned 

Art Unit: To Be Assigned 

Examiner: To Be Assigned 

Atty. Docket: 4123.0480002 

Title: 'WORD LINE CONTACT STRUCTURE FOR THREE-DIJ'vIENSI0NAL l'vIEJ'vIORY 
DEVJCES AND FABRICATION MlITHODS THEREOF 

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

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

Commissioner: 

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

reply that requires a petition for an extension of time under this paragraph for its timely submission, 

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

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

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

Date: __ 9/_1_0_!1_8 ____ _ 

1100 New York Avenue, N.\V. 
Washington, D.C. 20005-3934 
(202) 371-2600 
9960941 l .docx 

Respectfully submitted, 

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

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

The application data sheet is part of the provisional or non provisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 1 !? Rirn~W~ ?l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Jifeng ZHU 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 2 !t i@j~~ tl 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Zhenyu LU 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 3 !? Rirn~W~ ?l 
Legal Name 

EFS Web 2.2.13 

Micron Ex. 1002, p. 5 
Micron v. YMTC 
IPR2025-00117



PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Prefix Given Name Middle Name Family Name Suffix 

Jun CHEN 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

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

Inventor 4 I i.Mrn~~ l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Si Ping HU 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Province I 
Postal Code I I Countryi I 
Inventor 5 I Birn~ii l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Xiaowang DAI 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

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

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Inventor 6 !f i@j~~ l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Lan YAO 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei !country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 7 ! R~rn2~i l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Li Hong XIAO 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei !country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 8 !f i@j~~ l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

A Man ZHENG 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei !country of Residence i ICN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 9 I i.Mrn~~ l 
Legal Name 

Prefix Given Name Middle Name Family Name 

Kun BAO 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

Inventor 10 !t Birn~ii tl 
Legal Name 

Prefix Given Name Middle Name Family Name 

Haohao YANG 

Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 

City Wuhan, Hubei I country of Residence i lcN 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City I Wuhan, Hubei I State/Provi nee I 
Postal Code I I Countryi I CN 

All Inventors Must Be Listed - Additional Inventor Information blocks may be I? 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). 

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

Customer Number 26111 

Email Address 

EFS Web 2.2.13 

}@ij ?I 

Suffix 

Suffix 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Application Information: 

Title of the Invention WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Attorney Docket Number 4123.0480002 I Small Entity Status Claimed □ 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I 13 I Suggested Figure for Publication (if any) I 

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

For the purposes of a filing date under 37 CFR l .53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

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

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

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

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

Representative Information: 

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

i-

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

Please Select One: @ Customer Number I O US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number 26111 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status Pending I Rijij@i~ I 

Filing or 371 (c) Date 
Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

Continuation of PCT/CN2018/101308 2018-08-20 

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

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1). 

!RM@~ml 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code1 (if applicable) 

201710774754.6 CN 2017-08-31 

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

4123.0480002 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Authorization or Opt-Out of Authorization to Permit Access: 

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

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

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

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

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

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Applicant Information: 

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

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I? @j~@ ?I 
0 Assignee lo Legal Representative under 35 U.S.C. 117 lo Joint Inventor 

@ Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

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

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. ~ 
Organization Name I Yangtze Memory Technologies Co., Ltd. 

Mailing Address Information For Applicant: 

Address 1 18 Gaoxin 4th Road 

Address 2 East Lake High-Tech Development Zone 

City Wuhan, Hubei State/Province 

Country I CN Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

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

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Assignee 1 
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\VORD LINE CONTACT STRUCTURE FOR THREE-Dll\fENSIONAL 
lVIEIVIORY DEVICES AND FABRICATION lvIETHODS THEREOF 

[0001] 

[0002] 

[0003] 

[0004] 

[0005] 

CROSS-REFERENCE TO RELATED APPLICATIONS AND 
INCORPORATION BY REFERENCE 

This application claims priority to Chinese Patent Application No. 201710774754.6, 

filed on August 31, 2017 and PCT Patent Application No. PCT/CN2018/101308, filed on 

August 20, 2018, 'vvhich are incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

The present disclosure generally relates to the field of semiconductor technology, and 

more particularly, to a method for forming a three-dimensional (3D) memory device. 

BACKGR01.JNTJ 

Planar memory cells are scaled to smaller sizes by improving process technology, 

circuit design, programming algorithm, and fabrication process. However, as feature sizes of 

the memory cells approach a iower limit, planar process and fabrication techniques become 

challenging and costly. As such, mernmy density for planar mernory cells approaches an 

upper limit. A three-dimensional (3D) memory architecture can address the density !imitation 

in planar rnemory cells. 

BRIEF SUJ\11v1AR Y 

Ernbodiments of a word line contact structure for three-dimensional (3 D) memory 

array and methods for forming the same are described in the present disclosure. 

In sorne embodiments, a method for forming a 3D memory structure is described. The 

method includes forming a stack of films on a substrate. The stack of films includes a 

plurality of alternatingly-arranged oxide and nitride layers. The method also includes etching 

the stack of films to form a staircase structure. The method further includes forming a second 

oxide layer on the stack of films. The method includes forming an etch-stop layer on the top 

surface of the second oxide layer of the staircase structure. 
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[0007] 
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The method further includes disposing a filling material on the etch-stop layer of the 

staircase structure. The filling material can be a third oxide layer. Using chemical­

mechanical-polishing (Cl'V!P) processes, for example, the top surface of the third oxide layer 

over each level of staircase structure is made coplanar with the top surface of the uppermost 

portion of the etch-stop layer. 

The method also includes etching through the stack of films, from the top surface of 

the uppermost etch-stop layer down to the substrate surface, to form openings that expose the 

substrate. Through these openings, nitride layers of the staircase structure can be removed 

and replaced by high-k dielectric materials and metal films. 

[0008] The method also includes etching the third oxide layer with highly selective etching 

and exposing the etch-stop layer of each level of the staircase structure for vertical 

interconnect access (VIA). The method also includes removing exposed etch-stop layer in the 

openings of contact VIAs by reverse selective etching and further exposing the second oxide 

layer on each level of the staircase structure. The method includes removing the exposed 

second oxide layer and high-k dielectric material in the openings of contact VIAs and 

exposing the metal film of each level of the staircase structure. The rnethod also includes 

forming metallic connections to the metal film of each level of the staircase structure through 

subsequent metal filling and polishing. 

[0009] In some embodiments, the etch-stop layer can include silicon nitride. 

[0010] In some embodiments, the metal film surrounded by high-k dielectric material can 

include tungsten. 

[0011] In some embodiments, the high-k dielectric material can include hafnium oxide, 

[0012] 

[0013] 

zirconium oxide, aluminum oxide, tantalum oxide, lanthanum oxide films, or a combination 

thereof. 

In some embodiments, the 3D memory structure can be formed with any one of the 

processes stated above. 

In sorne embodiments, a 3D memory structure includes a substrate and a film stack 

having a plurality of alternatingly-arranged first oxide and metal films surrounded by high-k 

dielectric layers. The film stack has a staircase shape and is formed on the surface of the 

substrate. The 3D memory structure further includes a second oxide layer, a !so in the shape 

of staircase, over the film stack of the staircase structure. The 3D memory structure also 
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[0014] 

[0015] 

[0016] 

[0017] 

[0018] 

[0019] 

[0020] 

,.., - ., -

includes an etch-stop film, in the shape of staircase, over the second oxide layer of the 

staircase structure. The 3D rnemory structure further includes a third oxide film formed on 

the etch-stop layer. A top surface of the third oxide film is formed coplanar with a top surface 

of the uppermost portion of etch-stop layer over the staircase structure. The 3D memory 

structure further includes openings for vertical interconnect access (VIA) that extend through 

the third oxide layer, the etch-stop film, the second oxide layer, and the high-k dielectric 

layers to expose the metal film. The 3D memory structure further includes contact openings 

that extend through the staircase structure that expose the substrate to facilitate the formation 

of contacts. 

Other aspects of the present disclosure can be understood by those skilled in the art in 

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

BRIEF DESCRIPTION OF THE DRAWINGS 

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. 

Fig. 1 illustrates a cross-sectional view of a staircase structure with a stack of films 

including a plurality of alternatingly insulating layers and sacrificial layers, in accordance 

with some embodiments of the present disclosure. 

Fig. 2 illustrates a cross-sectional view of a staircase structure and an insulating layer 

formed on the staircase structure, in accordance with some embodiments of the present 

disclosure. 

Fig. 3 illustrates a cross-sectional view of a staircase structure and an etch-stop layer 

formed on the staircase structure, in accordance with some embodiments of the present 

disclosure. 

Fig. 4 illustrates a cross-sectional view of a staircase structure filled with an 

insulating material, in accordance with some embodiments of the present disclosure. 

Fig. 5A and 5B illustrate cross-sectional vievvs of a staircase structure having 

altematingly-arranged insulating and gate materials, in accordance with some embodiments 

of the present disclosure. 
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[0021] Fig. 6 illustrates a cross-sectional view of a staircase structure after the etching of the 

insulating films, in accordance with sorne embodiments of the present disclosure. 

[0022] Fig. 7 illustrates a cross-sectional view of a staircase structure after the etching of an 

etch-stop layer and exposing of an insulating layer, in accordance with some embodiments of 

the present disclosure. 

[0023] Fig. 8A and SB illustrate cross-sectional views of a staircase structure after the 

etching of an insulating layer and a high-k dielectric layer, in accordance with some 

embodiments of the present disclosure. 

[0024] Fig. 9A and 9B illustrate cross-sectional views of a staircase structure after the filling 

[0025] 

[0026] 

[0027] 

of openings with a conductive film, in accordance with some embodiments of the present 

disclosure. 

Fig. l 0 illustrates a process flow for forming multi-ievel contacts in a 3D memory 

structure, in accordance with some embodiments of the present disclosure. 

The features and advantages of the present invention will become more apparent from 

the detailed description set forth below when taken in conjunction with the drawings, in 

which like reference characters identify coITesponding elements throughout. In the drawings, 

like reference numbers generally indicate identical, functionally similar, and/or structurally 

sirnilar elernents. The drawing in w'hich an element first appears is indicated by the leftmost 

digit(s) in the corresponding reference number. 

Embodiments of the present disclosure will be described with reference to the 

accompanying drawings. 

DETAILED DESCRIPTION 

[0028] Although specific configurations and arrangements are discussed, it should be 

understood that this is done for illustrative purposes only. A person skilled in the pertinent art 

will recognize that other configurations and arrangements can be used without departing 

from the spirit and scope of the present disclosure. It will be apparent to a person skilled in 

the pertinent art that the present disclosure can also be employed in a variety of other 

applications. 

[0029] It is noted that references in the specification to "one ernbodirnent," "an 

embodiment," ''an example embodiment," "some embodiments," etc., indicate that the 
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embodiment described can include a particular feature, structure, or characteristic, but every 

embodiment can not necessarily include the particular feature, structure, or characteristic. 

Moreover, such phrases do not necessarily refer to the same embodiment. Further, when a 

particular feature, stmcture or characteristic is desc1ibed in connection with an embodiment, 

it would be within the knowledge of a person skilled in the pertinent art to affect such 

feature, stmcture or characte1istic in connection with other embodiments whether or not 

explicitly described. 

[0030] In general, terminology can be understood at least in part from usage in context. For 

example, the term "one or more" as used herein, depending at least in part upon context, can 

be used to describe any feature, structure, or characteristic in a singular sense or can be used 

to describe combinations of features, structures or characteristics in a plural sense. Similarly, 

terms, such as "a," "an," or "the," again, can be understood to convey a singular usage or to 

convey a plural usage, depending at least in part upon context. In addition, the term "based 

on" can be understood as not necessarily intended to convey an exclusive set of factors and 

may, instead, allmv for existence of additional factors not necessarily expressly described, 

again, depending at least in part on context. 

[0031] It should be readily understood that the meaning of ''on," ''above," and "over" in the 

present disclosure should be interpreted in the broadest manner such that "on" not only 

means ''directly on" something, but also includes the meaning of "on" something with an 

intermediate feature or a layer therebetween. Moreover, "above" or "over" not only means 

"above" or "over" something, but can also include the meaning it is "above" or "over" 

something with no intermediate feature or layer therebetween (i.e., directly on something). 

[0032] Further, spatially relative terms, such as "beneath," "below," "lower," "above," 

"upper," and the like, can be used herein for ease of description to describe one element or 

feature's relationship to another element(s) or feature(s) as illustrated in the figures. The 

spatially relative terms are intended to encompass different orientations of the device in use 

or process step in addition to the orientation depicted in the figures. The apparatus can be 

otherv,1ise oriented (rotated 90 degrees or at other orientations) and the spatially relative 

descriptors used herein can likewise be interpreted accordingly. 

[0033] As used herein, the term "substrate" refers to a material onto which subsequent 

material layers are added. The substrate includes a top surface and a bottom surface. The top 
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surface of the substrate is 'vvhere a semiconductor device is formed, and therefore the 

semiconductor device is formed at a top side of the substrate. The bottom surface is opposite 

to the top surface and therefore a bottom side of the substrate is opposite to the top side of the 

substrate. The substrate itself can be patterned. Materials added on top of the substrate can be 

patterned or can remain unpatterned. Furthermore, the substrate can include a wide array of 

semiconductor materials, such as silicon, germanium, gallium arsenide, indium phosphide, 

etc. Alternatively, the substrate can be made frorn an electrically non-conductive material, 

such as a glass, a plastic, or a sapphire wafer. 

[0034] As used herein, the term "layer" refers to a material portion including a region \vith a 

thickness. A layer has a top side and a bottom side where the bottom side of the layer is 

relatively close to the substrate and the top side is relatively away from the substrate. A layer 

can extend over the entirety of an underlying or overlying stmcture, or can have an extent 

less than the extent of an underlying or overlying structure. Further, a layer can be a region of 

a homogeneous or inhomogeneous continuous stmcture that has a thickness less than the 

thickness of the continuous structure. For example, a layer can be located between any set of 

horizontal planes between, or at, a top surface and a bottom surface of the continuous 

structure. A layer can extend horizontally, vertically, and/or along a tapered surface. A 

substrate can be a layer, can include one or more layers therein, and/or can have one or more 

layer thereupon, thereabove, and/or therebelow. A layer can include multiple layers. For 

example, an interconnect layer can include one or more conductor and contact layers (in 

which contacts, interconnect lines, and/or vias are formed) and one or more dielectric layers. 

[0035] As used herein, the term "nominal/nominally" refers to a desired, or target, value of a 

characteristic or parameter for a component or a process step, set during the design phase of a 

product or a process, together with a range of values above and/or below the desired value. 

The range of values can be due to slight variations in manufacturing processes or tolerances. 

As used herein, the term "about" indicates the value of a given quantity that can vary based 

on a particular technology node associated \vith the subject semiconductor device. Based on 

the particular technology node, the term "about" can indicate a value of a given quantity that 

varies within, for example, 10-30% of the value (e.g., ±10%, ±20%, or ±30~o of the value). 
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In the present disclosure, the term ''horizontal/horizontally/lateral/laterally" means 

nominally parallel to a lateral surface of a substrate. In the present disclosure, the tenn 

"each" may not only necessarily mean "each of all," but can also mean "each of a subset." 

As used herein, the term "3D memory device" refers to a semiconductor device with 

vertically oriented strings of memory cell transistors (referred to herein as "memory strings," 

such as NAND strings) on a laterally-oriented substrate so that the memory strings extend in 

the vertical direction with respect to the substrate. As used herein, the term 

''vertical/vertically" means nominally perpendicular to the lateral surface of a substrate. 

[0038] In sorne embodiments, a NAND string or a 3D rnemory device includes a 

semiconductor pillar ( e.g., silicon pillar) that extends vertically through a plurality 

conductor/dielectric layer pairs. The plurality of conductor/dielectric layer pairs are also 

referred to herein as an "alternating conductor/dielectric stack" The conductor layer of the 

alternating conductor/dielectric stack can be used as a word line (electrically connecting one 

or more control gates). An intersection of a word line and the semiconductor pillar forms a 

memory cell. Vertically-oriented memory strings require an electrical connection bet\veen 

the conductors materials (e.g., word line plates or control gates) and access lines (e.g., back 

end ofline interconnection) so that each of the memory cells along the memory strings or in 

the 3D memory device can be uniquely selected for writing or reading functions. One method 

of forming electrical connections includes forming a staircase structure on an alternating 

conductor/dielectric stack. 

[0039] As the demand for higher storage capacity continues to increase, the number of 

[0040] 

vertical levels of the memory cells and staircase structures also increases. Accordingly, it is 

challenging to balance the manufacturing throughput and the process complexity/cost. 

Lithography and etching processes can be used to open contact areas for forming 

electrical connection to the conductive layer on each level of the staircase structure. Due to 

topology of staircase stmctures, depth of the contact hole from the top surface to each level 

of the staircase depends on the location of each level. For example, contact holes for lower 

levels may be deeper than contact holes for upper levels. Typically, all of the contact holes 

are formed with a single lithography mask and etching process. Often, before contact holes to 

the bottom levels are entirely formed, the materials exposed in contact holes at the upper 
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levels are over-etched and lost. To resolve this issue, two or more lithography masks are used 

to separate etching processes, w'hich adds cost and complexity to the fabrication process. 

Various embodiments in the present disclosure provide methods and structures for 

improving word line contacts for 3D memory devices. In the present disclosure, a single 

lithography mask can be used to form contact areas for word lines of 3D memory array. By 

adding an etch-stop film over the staircase stmcture, openings of the vertical interconnect 

access (VIA) contacts for each level of the staircase structure can be formed simultaneously. 

The etch-stop film protects underlying layers during etching processes that form contact 

VI As. The etch-stop film is exposed on each level of the staircase structure by a selective 

etching process, and then removed by reverse selective etching. Accordingly, the disclosed 

methods and stmctures can improve fabrication yield and reduce cost. The methods and 

stmctures described herein can be used to form semi conductor interconnect structures for 

inter-connecting components at different layers with an uneven topology. 

[0042] Fig. 1 illustrates a staircase structure 100 having an alternating layer stack on a top 

surface of a substrate 101. Each staircase step includes a staircase layer (SC layer) 102, 

wherein the SC layer 102 includes an exposed top surface 102T and a side surface 102S. 

Each SC layer !02 includes a first insulating layer 104 and a sacrificial layer 106. The 

bottommost and the uppemwst rnaterial of the staircase structure 100 can include the first 

insulating layer 104. 

[0043] In some embodiments, the substrate l O 1 includes any suitable material for supporting 

[0044] 

[0045] 

the 3D memory structure. For example, the substrate l 01 can include silicon, silicon 

germanium, silicon carbide, silicon on insulator (SOI), germanium on insulator (GOI), glass, 

gallium nitride, gallium arsenide, any suitable m-V compounds, any other suitable material, 

and/or combinations thereof. 

In some embodiments, the first insulating layer 104 can include any suitable 

insulating materials, for example, silicon oxide, silicon oxynitride, silicon nitride, TEOS, 

aluminum oxide, or silicon oxide with F-, C-, N-, and/or H- incorporation. 

In some embodiments, the sacrificial layer 106 includes any suitable material that is 

different from the first insulating layer 104 and can be removed selectively. For example, the 

sacrificial layer l 06 can include silicon oxide, silicon oxynitride, silicon nitride, TEOS, poly­

crystalline silicon, poly-crystalline germanium, poly-crystalline germanium-silicon, and/or 
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combinations thereof In some embodiments, the sacrificial layer 106 also includes 

amorphous semiconductor rnaterials, such as amorphous silicon or amorphous germanium. 

[0046] In some embodiments, the first insulating layer 104 can be silicon oxide and the 

sacrificial layer 106 can be silicon nitride. 

[0047] In some embodiments, a thickness of the first insulating layer 104 or the sacrificial 

layer l 06 can be between about 10 nm and about 200 nm. In some embodiments, a thickness 

of the SC layer 102 can be different for each staircase level. 

[0048] The formation of the first insulating layer 104 and the sacrificial layer 106 can 

include any suitable deposition methods such as, chemical vapor deposition (CVD), physical 

vapor deposition (PVD), plasma-enhanced CVD (PECVD), low pressure chemical vapor 

deposition (LPCVD), sputtering, metal-organic chemical vapor deposition (MOCVD), 

atomic layer deposition (ALD), any other suitable deposition method, andior combinations 

thereof In some embodiments, poly-crystalline semiconductor material can be deposited in 

an amorphous state and converted to poly-crystalline through subsequent thermal treatments. 

[0049] The plural steps of the staircase structure 100 is formed by applying a repetitive etch-

trirn process on the disposed film stacks using a mask stack (not shmNn). In sorne 

embodiments, the mask stack can include a photoresist or carbon-based polymer material. In 

some embodiments, the mask stack is removed after forming the staircase structure l 00. 

[0050] The etch-trim process includes an etching process and a trimming process. During the 

etching process, the portion of SC layer 102 with exposed top smface 102T are removed. The 

etch depth is a thickness of the SC layer 102. The etching process for the first insulating layer 

104 can have a high selectivity over the sacrificial layer 106, and/or vice versa. Accordingly, 

an underlying SC layer 102 can function as an etch-stop layer. As a result, one staircase step 

is formed during each etch-trim cycle. 

[0051] In some embodiments, the SC layer 102 can be etched using an anisotropic etching 

such as a reactive ion etch (RIE) or other dry etch processes. In some embodiments, the 

etchant can include fluorine based gases such as, for example, carbon-fluorine (CEi) based 

gases, hexafluoroethane (C2F6) based gases, and/or any other suitable gases. In some 

embodiments, the SC layer 102 can be removed by wet chemistry, such as hydrofluoric acid 

or a mixture of hydrofluoric acid and ethylene glycol. In some embodiments, a timed etching 
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approach can be used. The methods and etchants to remove a single layer stack should not be 

limited by the embodiments of the present disclosure. 

[0052] The trimming process includes applying a suitable etching process ( e.g., an isotropic 

dry etch or a wet etch) on the mask stack such that the mask stack can be pulled back 

laterally. The lateral pull-back dimension determines the lateral dimension "a" of each step of 

the staircase stmcture 100, as illustrated in Fig. I. After mask stack trimming, one portion of 

the topmost SC layer 102 is exposed and the other potion of the toprnost SC layer 102 

remains covered by the mask stack. The next cycle of etch-trim process resumes with the 

etching process. 

[0053] In some embodiments, the mask stack trimming process can include dry etching, such 

as RlE using 02, Ar, N2, etc. 

[0054] In some embodiments, the topmost SC layer l 02 can be covered by the first 

[0055] 

insulating layer 104. A process step ofremoving the first insulating layer 104 can be added to 

the etching process of each etch-trim cycle to form the staircase structure 100. 

Referring to Fig. 2, a staircase structure 200 is formed by disposing a second 

insulating layer 208 on the staircase structure 100. The second insulating layer 208 covers the 

staircase structure 100, including a top surface 102T and a side surface 102S of each SC 

layer 102 (shown in Fig. 1). In some embodiments, the second insulating layer 208 can be an 

optional barrier layer. For example, the second insulating layer 208 can be used as a barrier 

layer for protecting the underlying structure during subsequent etching processes. In some 

embodiments, thicknesses of the second insulating layer 208 can be about the same on a side 

surface l 02S and a top surface 102T. In some embodiments, thickness of the second 

insulating layer 208 on the side surface 102S can be thicker or thinner than that on the top 

surface 102T. In some embodiments, a thickness of the second insulating layer 208 can be in 

a range bet\veen 1 nm to 200 nm (e.g., 1 nm, 2 nm, 3 nm, 4 nm, 5 rnn, 6 nm, 7 nm, 8 nm, 9 

nm, 10 nm, 20 nm, 40 nm, 50 nm, 60 nm, 80 nm, 90 nm, 100 nm, 140 nm, 160 nm, 170 nm, 

200 mn, any range bounded by the lmver end by any of these values, or in any range defined 

by any two of these values). In some embodiments, the second insulating layer 208 can be 

made of similar material as the first insulating layer 104. In some embodiments, the second 

insulating layer 208 can be formed using similar techniques as the processes used to form the 

first insulating layer l 04. 
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Referring to Fig. 3, a staircase structure 300 is formed by disposing an etch-stop layer 

310 on the staircase structure 200. A thickness of the etch-stop layer 310 can be in a range 

between 10 nm to 1000 nm ( e.g., 10 nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 

90 nm, 100 nm, 200 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm, 1000 

nm, any range bounded by the lower end by any of these values, or in any range defined by 

any two of these values). The etch-stop layer 310 can be made of any suitable insulating 

material that is different from the second insulating layer 208. In some embodiments, the 

etch-stop layer 310 can be disposed on the second insulating layer 208. In some 

embodiments, the second insulating layer 208 is optional and the etch-stop layer 310 can be 

directly disposed on the staircase structure 100. In some embodiments, the etch-stop layer 

310 can cover the staircase structure 200, including the top surface l 02T and the side surface 

102S of each SC layer 102. In some embodiments, the thickness of the etch-stop layer 310 on 

a side surface 102S can be the same as that on a top surface 102T. In some embodiments, the 

thickness of the etch-stop layer 310 on the side surface 102S can be thicker or thinner than 

that on the top surface 102T. In some embodiments, etch-stop layer 310 can be made of 

silicon nitride, silicon oxynitride, spin-on-dielectric, and/or high-k dielectric films such as 

hafnium oxide, zirconium oxide, aluminum oxide, tantalum oxide, or lanthanum oxide films. 

In some embodiments, etch-stop layer 310 can be disposed by any suitable methods such as 

CVD, PVD, PECVD, LPCVD, sputtering, :MOCVD, ALD, spin-coating, or any other 

suitable deposition method, and/or combinations thereof. 

[0057] Referring to Fig. 4, a staircase structure 400 is formed by disposing a third insulating 

layer 420 over the staircase stmcture 300, with a top surface 420S being coplanar with the 

top surface 31 OS of the uppermost portion of the etch-stop layer 310. The third insulating 

layer 420 can be made of any a suitable insulator that is different from the etch-stop layer 

310. In some embodiments, the third insulating layer 420 is made of a sirnilar material as the 

first insulating layer 104. In some embodiments, the fom1ing of the third insulating layer 420 

can use similar techniques as fom1ing the first insulating layer 104. In some embodiments, 

the forming of the third insulating layer 420 can use any suitable processes such as, for 

example, a spin-coating process, CVD or high density plasma (HDP) deposition. In some 

embodiments, the forming of the third insulating layer 420 further includes a planarization 
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process such as chemical-mechanical planarization (Cl'v1P). In some embodiments, the third 

insulating layer 420 can cover each step of the staircase structure 300. 

[0058] Referring to Fig. SA, a substrate opening 522 is formed in a staircase structure 500 by 

etching through the entire film stack of the staircase structure 400, exposing the surface of 

the substrate 101 (Although Figs. SA and 5B illustrate one substrate opening 522, it is noted 

that, the location, shape, total number, and arrangement of the substrate opening 522, relative 

to the staircase structure 400, is only used for illustration purpose in the present disclosure, 

which does not limit the scope of the present disclosure.) 

[0059] In sorne embodiments, through the substrate opening 522, the sacrificial layer 106 of 

[0060] 

each SC layer 102 in the staircase structure 400 is removed and replaced by a gate stack 525. 

The staircase structure 500 includes a plurality of replacement SC layers 526, wherein the 

replacement SC layer 526 includes the first insulating layer 104 and the gate stack 525. The 

first insulating layer l 04 and the gate stack 525 are altematingly arranged in the staircase 

structure 500. 

In some embodiments, removing the sacrificial layer 106 includes wet etching or 

isotropic dry etching that is selective to the first insulating layer 104. For example, the 

etching rate of the first insulating layer 104 is slower than the etching rate of the sacrificial 

layer 106. In some embodiments, removing the sacrificial layer 106 is also selective to the 

second insulating layer 208. In some embodiments, the second insulating layer 208 is 

optional, and removing the sacrificial layer l 06 is selective to the etch-stop layer 310. 

[0061] Fig. SB illustrates the details of a region 527 in Fig. SA, in accordance with some 

embodiments of the present disclosure. The gate stack 525 can include a high-k dielectiic 

layer 525H and a gate conductive layer 525M The gate conductive layer 525M is surrounded 

by the high-k dielectric layer 525H, with one side next to the substrate opening 522. 

[0062] In some embodiments, the high-k dielectric layer 525H can include hafnimn oxide, 

[0063] 

zirconium oxide, aluminum oxide, tantalum oxide, or lanthanum oxide films, and/or any 

combination thereof. The high-k dielectric layer 525H can be disposed by any suitable 

methods such as CVD, PVD, PECVD, LPCVD, MOCVD, AU), and/or combinations 

thereof. 

In some embodiments, the gate conductive layer 525M can be made from a metal, 

such as tungsten, cobalt, nickel, copper, or aluminum, and/or combinations thereof. The 
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metal can be formed by any suitable deposition methods, for example, sputtering, thermal 

evaporation, e-beam evaporation, ALD, PvTI, and/or combinations thereof. 

In some embodiments, the gate conductive layer 525M can also be poly-crystalline 

semiconductors, such as poly-crystalline silicon, poly-crystalline germanium, poly-crystalline 

germanium-silicon and any other suitable material, and/or combinations thereof. In some 

embodiments, the poly-crystalline material can be incorporated with any suitable types of 

dopant, such as boron, phosphorous, or arsenic, and in the form of elements or a compound. 

In some embodiments, the gate conductive layer 525M can also be amorphous 

semi conductors. 

[0065] In some embodiments, the gate conductive layer 525M can be made from a metal 

silicide, including WSix, CoSix, Ni Six, or Al Six, etc. The fanning of the metal silicide 

material can include forming a metai layer and a poly-crystalline semiconductor using similar 

techniques described above. The forming of metal silicide can further include applying a 

thermal annealing process on the deposited metal layer and the poiy-crystailine 

semiconductor layer, followed by removal of unreacted metal. 

[0066] In some embodiments, the gate stack 525 includes an interface material bet\veen the 

high-k dielectric layer 525H and the gate conductive layer 525M. The interface material can 

include silicon oxide or silicon oxynitride, etc. 

[0067] The portion of the gate conductive layer 525M located on the sidewalls of the 

substrate opening 522 (not illustrated in Fig. 5A or 5B for simplicity), can be removed and 

replaced by a fifth insulating iayer 530. Removal of sidewall portions of gate conductive 

layer 525M can be achieved by wet-etching or dry-etching. In some embodiments, the fifth 

insulating layer 530 can be made of the same material as the first insulating layer 104 or the 

etch-stop layer 310, and formed by similar techniques. In some embodiments, a portion of 

the fifth insulating layer 530 can be removed from the top surface of substrate 101 and the 

substrate surface can be exposed for electrical contacts in the subsequent processes. 

Removing the fifth insulating layer 530 from the substrate surface can be achieved by, for 

example, anisotropic dry-etching. 

[0068] Referring now to Fig. 6, a staircase structure 600 includes vertical interconnect access 

(VIA) openings 640 for each replacement SC layer 526. In some embodiments, photoresist or 

polymer material can be used as a mask layer (not shown in the figure). A selective etching 
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process can be used such that the etching rate of the third insulating layer 420 is higher than 

the etching rate of the etch-stop layer 310. During the one or more etching processes that 

form the VIA openings 640, the etch-stop layer 310 protects the underlying stmcture unti I ail 

the VIA openings 640 are formed throughout the staircase stmcture 600. For example, a VIA 

opening 640L for a lower replacement SC layer 526L requires longer etch time than a VIA 

opening 640U for an upper replacement SC layer 526U. An additional thickness Hof the 

third insulating layer 420 needs to be removed. The etch-stop layer 310 can protect 

underlying materials of the replacement SC layers 526 on upper levels, before the VIA 

openings 640 are formed for the replacement SC layers 526 on lower levels. For example, 

during the removal process of the extra thickness Hof third insulating layer 420, the etch­

stop layer 310 on top of the upper replacement SC layer 526U is not etched through, with a 

remaining etch stop layer 31 OR. The remaining etch-stop layer 31 OR provides protection for 

the replacement SC layers 526U, where the VIA openings 640U are already formed. The 

staircase structure 600 is formed afrer the portion of the third insulating layer 420 inside all 

the VIA openings 640 are removed for each replacement SC layer 526. The VIA openings 

640 extend through the third insulating layer 420 and expose the underlying etch-stop layer 

310. In some embodiments, the etch-stop layer 310 can be partially etched in some VIA 

openings 640, as shown in Fig. 6. In some embodiments, the thickness of the etch-stop layer 

310 remains substantially the same during the one or more etching processes that form the 

VIA openings 640, because etch-stop layer 310 can be ine1i to the etchant used in the etching 

processes. In some embodiments, the selective etching includes anisotropic dry etching using 

chemical etchant such as, for example, CF4, CHF1, C2F6, or C1F6, and/or other suitable 

etch ants. 

In some embodiments, prior to forming VIA openings 640, a second conductive 

material can be disposed inside the substrate opening 522 of the staircase stmcture 500 (see 

FIG. 5) to form a substrate conductive structure 643 (see FIG. 6). Accordingly, an electrical 

connection is provided to the substrate 101 frorn the surface of the staircase structure 600. In 

some embodiments, the substrate conductive stmcture 643 can be formed with any suitable 

conductive material that can be the same as or can be different from the gate conductive layer 

525M, and can be disposed using similar techniques. Additional planarization process can be 

included to form a top surface coplanar with the top surface of the third insulating layer 420. 
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Referring to Fig. 7, portions of the etch-stop layer 3 l 0 inside VIA openings 740 are 

removed by reverse selective etching. During reverse selective etching, the etch-stop layer 

310 can be etched faster than the second insulating layer 208. In some embodiments, the 

reverse selective etching process includes anisotropic or isotropic dry etching using 

chemistry, for example, (h N2, CF4, NF3, Ch, HBr, BCb, and/or combinations thereof. In 

some embodiments, the reverse selective etching process includes wet chemical etching, for 

exarnple, phosphorus acid. A staircase structure 700 is formed after the portion of etch-stop 

layer 310 inside the VIA openings 740 is removed for each replacement SC layer 526. 

[0071] Referring to Fig. 8A and 8B, a portion of the second insulating layer 208 and a 

portion of the high-k dielectric layer 525H in gate stack 525 are removed inside the VIA 

openings 840, forming VIA openings 840 that extend through the third insulating layer 420, 

the etch-stop layer 310, the second insulating layer 208, and the high-k dielectric layer 525H 

and exposing the gate conductive layer 525M. In some embodiments, the etching process for 

etching the second insulating layer 208 and the high-k dielectric layer 525H can be similar to 

that used for etching the third insulating layer 420 or the etch-stop layer 310. A staircase 

structure 800 includes a portion of gate conductive layer 525M, w'hich is exposed inside the 

VIA openings 840 for each replacement SC layer 526, enabling gate contacts for every 3D 

memory cell. 

[0072] In some embodiments, the second insulating layer 208 is optional and the etching of 

the etch stop layer 310 exposes the high-k dielectric layer 525H inside the VIA openings 

740/840. The high-k dielectric layer 525H can be removed in the subsequent etching process 

to further expose the gate conductive layer 525M inside the VIA openings 740/840. The VIA 

openings 840 extend through the third insulating layer 420, etch-stop layer 310 and the high­

k dielectric layer 525H, exposing the gate conductive layer 525M. 

[0073] Referring to Fig. 9A and 9B, a staircase structure 900 includes disposing a third 

conductive material to form VIA conductive structures 945 in the VIA openings 840. The 

VIA conductive structures 945 can be formed by disposing a third conductive material in the 

formed openings 840 and directly on the exposed portions of gate conductive layer 525M. In 

some embodiments, the VIA conductive structures 945 are directly disposed on the exposed 

gate conductive layer 525M. In some embodiments, the VIA conductive structures 945 can 

be made from a similar material as the gate conductive layer 525M. In some embodiments, 
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the VIA conductive structures 945 can be disposed using a similar technique as the gate 

conductive layer 52S:M. In some embodiments, the VIA conductive structures 945 can be 

coplanar with the third insulating layer 420 using a planarization process such as, for 

example, a CMP process. In the staircase structure 900, the VIA conductive structures 945 

can extend through the third insulating layer 420, the etch-stop layer 310, the second 

insulating layer 208 and the gate dielectric layer 525H, directly contacting and electrically 

connecting to the gate conductive layer 525M for each corresponding replacement SC layer 

526. As discussed above, the second insulating layer 208 can be optional and in such 

scenarios the VIA conductive structures 945 can extend through the third insulating layer 

420, the etch-stop layer 310 and the gate dielectric layer 525H, directly contacting and 

connected to the gate conductive layer 525M for each corresponding replacement SC layer 

526. Therefore, the electrical conductive path for gate stack 525 of each memory cell can be 

wired up to the surface of the wafer, enabling various configurations of word lines for the 3D 

memory in the back-of-line process. 

[0074] Fig. 10 illustrates an exemplary method 1000 for forming the word line contacts for a 

three-dimensional memory array, according to some embodiments. The processing steps of 

the method 1000 can be used to form memory device structures illustrated in Figs. l-9. The 

processing steps shmNn in method 1000 are not exhaustive and other processing steps can be 

performed as well before, after, or between any of the illustrated process steps. In some 

embodiments, some processing steps of exemplary method l 000 can be omitted or include 

other processing steps that are not described here for simplicity. In some embodiments, 

processing steps of method l 000 can be performed in a different order and/ or vary. 

[0075] At process step 1010, an alternating layer stack is disposed over a substrate, followed 

[0076] 

by a repetitive etch-trim process to form a staircase structure. An example of the substrate 

can be the substrate 101 described in Fig. l. A layer stack within the alternating layer stack 

can include a dielectric layer pair with a first insulating layer over a sacrificial layer. The first 

insulating layer can be the first insulating layer 104 in Fig. l and the sacrificial layer can be 

the sacrificial layer 106 in Fig. 1, and the dielectric layer pair can be formed using similar 

techniques as the first insulating layer 104 and the sacrificial layer l 06. 

One cycle of the repetitive etch-trim process includes an etching process that etches a 

height of a staircase step and a trimming process that determines a width of a staircase step. 
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The etch-trim process is repeated for a number of cycles, corresponding to the number of 

steps or the number of dielectric layer pairs on the staircase structure. A mask stack can be 

used for patterning and can be removed after the etch-trim process. 

[0077] At process step l 020, a second insulating layer is disposed on the staircase structure 

with alternating fiim stacks. The second insulating layer can be the second insulating layer 

208 in Fig. 2 and can be formed using a similar technique. 

[0078] At process step 1030, an etch-stop layer is disposed on the top surface of the second 

insulating layer on the staircase structure. The etch-stop layer can be the etch stop layer 310 

in Fig. 3, and can be formed using a similar technique. 

[0079] At process step 1040, a third insulating layer is disposed on the top surface of the 

etch-stop layer over the staircase stmcture, followed by an optional planarization process, to 

form a surface coplanar with the uppermost portion of the etch-stop layer. The third 

insulating layer can be the third insulating layer 420 in Fig. 4, and can be formed using a 

similar technique. 

[0080] At process step 1050, an opening to the substrate is formed by etching through the 

entire film stack. Through the opening, the sacrificial layer of each dielectric layer pair in the 

staircase structure is removed and replaced by a gate stack. A similar structure is shown in 

Fig. SA and SB. The gate stack can be the gate stack 525 in Fig. SA and SB. The opening to 

the substrate can be the substrate opening 522 in Fig. SA. Removing the sacrificial layer 

includes wet etching or isotropic dry etching that is selective to the surrounding first and 

second insulating layer. Disposing the gate stack includes first disposing a high-k dielectric 

layer and then a gate conductive layer. The high-k dielectric layer can be the high-k dielectric 

layer 525H in Fig. 5B, and can be formed using a similar technique. The gate conductive 

layer can be the gate conductive layer 525:M, and can also be formed using a similar 

technique. 

[0081] Process step 1050 also includes removing the gate conductive layer (or the conductive 

portion) from the sidewalls of the substrate opening and forming an isolation barrier layer. 

Removing the gate conductive layer from the sidewall can be achieved by wet-etching or 

dry-etching. The sidewall isolation layer can be fifth insulating layer 530 in Fig. 5A and SB, 

and can be formed using a similar technique. The sidewall isolation material deposited on the 

substrate surface at the bottom of the opening can be removed by anisotropic dry-etching. 
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At process step 1060, a second conductive material can be disposed over the staircase 

structure, forming a substrate conductive structure inside the substrate opening. The substrate 

conductive structure can be the substrate conductive stmcture 643 in Fig. 6. A planarization 

process, for example, chemical mechanical polishing, can be used to form coplanar top 

surfaces between the substrate conductive structure and the third insulating layer. 

[0083] At process step 1060, contact VIA openings are also formed for each staircase level 

with selective etching. The contact VIA openings can be the same VIA openings 640 in Fig. 

6. The etching rate of the third insulating layer can be higher than the etching rate of the etch­

stop layer. Therefore, deep openings can be made for the bottom staircase level, while the 

etch-stop layer is not punched through on the uppem10st staircase level. 

[0084] At process step 1070, the etch-stop materials inside the VIA openings are removed by 

reverse selective etching. During reverse selective etching, the etch-stop layer can be etched 

faster than the second insulating layer. At this step, the VIA openings can be the VIA 

openings 740 in Fig. 7. 

[0085] At process step 1080, the second insulating layer and the high-k dielectric layer of the 

gate stack is removed inside the VIA openings, by using a similar etching process as that for 

the third insulating layer or the etch-stop layer. The conductive material of the gate stack is 

exposed inside the VIA openings, enabling electrical connections to the gate of every 3D 

memory cell. At this step, the VIA openings can be the VIA openings 840 in Fig. 8A and 8B. 

[0086] At process step 1090, VIA conductive structures are formed by disposing and filling a 

third conductive material in all the VIA openings in the structure. The VIA conductive 

stmcture can be the VIA conductive stmctures 945 in Fig. 9A and 9B. The third conductive 

material can be planarized subsequently to form a coplanar surface with the top surface of the 

third insulating layer. The planarization process includes chemical mechanical polishing 

(CMP). Residual conductive materials outside the VIA openings can be removed by touch-up 

dry etching or ,vet etching. As a result, the conductive material in the VIA openings is 

connected with the conductive material of the gate stack for each level of the staircase 

structure. Therefore, the embedded gates of the vertically stacked 3D memory cells can be 

electrically connected from a planar surface on the top of the stmcture in the subsequent 

back-of-line processes, enabling various configurations of word lines for the 3D memory 

array. 
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Process steps 1010-1050 illustrate the formation of the staircase structure 500 in Fig. 

5, in accordance with some embodiments of the present disclosure, using a replacernent gate 

technique. In this example, the sacrificial layer 106 is formed first on the staircase structure 

100 in Figs. 1 at process steps 1010. The sacrificial layer 106 can be replaced by the gate 

stack 525 at process step 1050 to form staircase stmcture 500. Detailed structure and method 

of 3D memory with replacement gate is described in co-pending U.S. patent application, 

titled "Method for Forming Gate Structure of Three-Dimensional Memory Device," 

(Application No. 16/047,158 and filed on July 27, 2018), which is incorporated herein by 

reference in its entirety. 

[0088] In some embodiments, the staircase structure 500 can also be formed with a so called 

"gate-first" approach, where a gate conductive layer can be disposed in Fig. 1 and at process 

steps 1010, in place of the sacrificial layer 106. The gate conductive layer can be a similar 

material as the gate conductive layer 525M in Fig. SB and can be formed using similar 

techniques. The etch-trim process to form the staircase structure l 00 can be modified 

accordingly so that the gate conductive layer 525M can be etched instead of the sacrificial 

layer 106. As such, the sacrificial layer 106 in Figs. 2-4 can also be replaced by the gate 

conductive layer 525M. At process step 1050, the step of removing the sacrificial layer 106 

can be skipped in this embodiment. The substrate opening 522, the VIA openings 

640/740/840, and the conductive stmctures 643/945 can be formed similarly as the ones in 

Figs. 5-9 and using similar methods in process steps 1050-1090. 

[0089] In some embodiments, a semiconductor structure includes a staircase stmcture having 

a plurality of steps, and each step includes a conductive layer disposed over a dielectric layer. 

The semiconductor stmcture further includes a barrier layer disposed over a portion of the 

conductive layer of the each step. The semiconductor structure also includes an etch-stop 

layer disposed on the barrier layer and an insulating layer disposed on the etch-stop layer. 

The semiconductor structure also includes a plurality of conductive structures fom1ed in the 

insulating layer and extending through the etch-stop layer and the barrier layer Each 

conductive structure directly contacts the conductive layer of the each step. 

[0090] In some embodiments, a semiconductor structure includes a staircase structure having 

a plurality of steps, and each step includes a conductive iayer disposed over a dielectric layer. 

The semiconductor structure further includes an etch-stop layer disposed over a portion of 

Atty. Dkt. No. 4123.0480002 

Micron Ex. 1002, p. 34 
Micron v. YMTC 
IPR2025-00117



[0091] 

- 20 -

the conductive layer of the each step and an insulating layer disposed on the etch-stop layer. 

The semiconductor structure further includes a plurality of conductive structures formed in 

the insulating layer and extending through the etch-stop layer. Each of the conductive 

structure directly contacts the corresponding conductive layer of the each step. 

In some embodiments, a method for forming a semiconductor structure includes 

forming a plurality of steps of a staircase structure. Forming each step of the plurality of 

steps includes disposing a sacrificial layer over a dielectric layer and disposing an etch-stop 

layer on each step of the plurality of steps. The method further includes disposing an 

insulating layer on the etch-stop layer and replacing the sacrificial layer with a conductive 

layer for each step of the staircase structure. The method also includes forming a plurality of 

openings in the insulating layer and exposing portions of the etch-stop layer. The method 

also includes etching the exposed portions of the etch-stop layer in the plurality of openings 

and exposing the conductive layer of each step. The method also includes forming a plurality 

of conductive structures and each conductive structure is respectively formed in each opening 

of the plurality of openings. 

[0092] The foregoing description of the specific embodiments will so fully reveal the general 

nature of the present disclosure that others can, by applying knowledge within the skill of the 

art, readily modify and/or adapt, for various applications, such specific embodiments, 

without undue experimentation, and without departing from the general concept of the 

present disclosure. Therefore, such adaptations and modifications are intended to be within 

the meaning and range of equivalents of the di sdosed embodiments, based on the disclosure 

and guidance presented herein. It is to be understood that the phraseology or terminology 

herein is for the purpose of description and not oflimitation, such that the terminology or 

phraseology of the present specification is to be interpreted by the skilled artisan in light of 

the disclosure and guidance. 

[0093] Embodiments of the present disclosure have been described above with the aid of 

functional building blocks illustrating the implementation of specified functions and 

relationships thereof The boundaries of these functional building blocks have been 

arbitrarily defined herein for the convenience of the description. Alternate boundaries can be 

defined so long as the specified functions and relationships thereof are appropriately 

perforn1ed. 
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[0094] The Summary and Abstract sections can set forth one or more but not all exemplary 

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

intended to limit the present disclosure and the appended claims in any way. 

[0095] The breadth and scope of the present disclosure should not be limited by any of the 

above-described exemplary embodiments, but should be defined only in accordance with the 

following claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1. A semiconductor structure, comprising: 

a staircase structure comprising a plurality of steps, wherein each step comprises a 

conductive layer disposed over a dielectric layer; 

a barrier layer disposed over a portion of the conductive layer of the each step; 

an etch-stop layer disposed on the barrier layer; 

an insulating layer disposed on the etch-stop layer; and 

a plurality of conductive structures formed in the insulating layer, wherein each 

conductive structure is formed on the conductive layer of the each step. 

2. The semiconductor structure of claim 1, \vherein the plurality of conductive structures extend 

through the barrier layer. 

3 The semiconductor stmcture of claim 1, wherein the plurality of conductive structures extend 

through the etch-stop layer. 

4. The semiconductor structure of claim 1, wherein the barrier layer comprises silicon oxide. 

5. The semiconductor structure of claim 1, wherein the etch-stop layer comprises one or more 

of silicon nitride, a spin-on-dielectric, and a high-k dielectric. 

6. The semiconductor structure of claim 1, wherein the each conductive structure directly 

contacts a corresponding one of the conductive layer of the each step. 

7. The semiconductor structure of claim 1, wherein top surfaces of the plurality of conductive 

structures, the insulating layer, and a portion of the etch-stop layer are coplanar 

8. The semiconductor structure of claim 1, \vherein the plurality of conductive structures 

comprise one or more of tungsten, cobalt, nickel, copper, and aluminum. 
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9. The semiconductor structure of claim 1, wherein the barrier layer is formed on side and top 

surfaces of the plurality of steps. 

10. The semiconductor structure of claim 1, wherein a thickness of the etch-stop layer is in a 

range between 10 nm and 1000 nm. 

11. A semiconductor structure, comprising: 

a staircase structure comprising a plurality of steps, wherein each step comprises a 

conductive layer disposed over a dielectric layer; 

an etch-stop layer disposed over a portion of the conductive layer of the each step; 

an insulating layer disposed on the etch-stop layer; and 

a plurality of conductive structures formed in the insulating layer and extending 

through the etch-stop layer, wherein each conductive structure directly contacts the 

corresponding conductive layer of each step. 

12. The semiconductor structure of claim 11, wherein the etch-stop layer is formed on a side 

surface and a top surface of each step. 

13. The semiconductor structure of claim 12, 'vvherein thicknesses of the etch-stop layer is the 

same on the side and top surfaces of each step. 

14. The semiconductor structure of claim 11, wherein the etch-stop layer comprises one or more 

of silicon nitride, a spin-on-dielectric, and a high-k dielectric. 

15. The semiconductor structure of claim 11, wherein a thickness of the etch-stop layer is in a 

range bet\veen 10 nm and 1000 nm. 

16. A method for forming a semiconductor structure, comprising: 

fonning a staircase structure having a plurality of steps, wherein the forming of each 

step of the plurality of steps comprises disposing a sacrificial layer over a dielectric layer; 

disposing an etch-stop layer on each step of the plurality of steps; 
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disposing an insulating layer on the etch-stop layer; 

replacing the sacrificial layer of each step with a conductive layer; 

forming a plurality of openings in the insulating layer exposing portions of the etch­

stop layer; 

etching the exposed portions of the etch-stop layer in the plurality of openings and 

exposing at least a portion of the conductive layer of each step; and 

forming a plurality of conductive structures in each of the plurality of openings. 

17. The method of claim 16, wherein the forming the plurality of openings comprises performing 

an etching process on the insulating layer, wherein an etching rate of the insulating layer is 

higher than an etching rate of the etch-stop layer. 

18. The method of claim 16, wherein the etching the exposed portions of the etch-stop layer 

comprises etching the exposed etch-stop layer at a higher etching rate than an etching rate of 

the conductive layer. 

19. The method of claim 16, wherein disposing an etch-stop layer comprises disposing one or 

more of silicon nitride, a spin-on-dielectric, and a high-k dielectric. 

20. The method of claim 16, wherein forming the plurality of conductive structures comprises 

disposing conductive materials directly on the exposed conductive layer of the each step. 
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ABSTRACT 

Embodiments of semiconductor structures including \vord line contact structures for three­

dimensional memory devices and fabrication methods for fom1ing word line contact structures are 

disclosed. The semiconductor structures include a staircase structure having a plurality of steps, and 

each step includes a conductive layer disposed over a dielectric iayer The semiconductor structures 

fmiher include a barrier layer disposed over a portion of the conductive layer of each step. The 

semiconductor structures also include an etch-stop layer disposed on the barrier layer and an 

insulating layer disposed on the etch-stop iayer. The semiconductor structures also include a 

plurality of conductive structures formed in the insulating layer and each conductive structure is 

formed on the conductive iayer of each step. 
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1000 

Forming a staircase structure with an alternating 
layer stack over a substrate 

-----1010 

+ 
Forming a second insulating layer on the top of the 

staircase structure 
-----1020 

+ 
Forming an etch-stop layer on the top of the second 

insulating layer on the staircase structure 
-----1030 

+ 
Forming a third insulating layer on top of the 

staircase structure 
-----1040 

i 
Forming substrate openings and an alternatingly 

arranged insulator and conductive gate stack for the -----1050 
staircase structure 

i 
Selectively removing the third insulating layer and 

stopping on the etch-stop layer in the vertical -----1060 
interconnect access (VIA) openings on the staircase 

structure 

i 
Selectively removing the etch-stop layer and 

stopping on the second insulating layer in VIA -----1070 
openings on the staircase structure 

+ 
Removing the second insulating layer and high-k 

dielectric film of the gate stack in VIA openings on -----1080 
the staircase structure 

+ 
Filling and polishing a conductive material in the VIA 

openings and forming connection to each 
corresponding conductive layer of the gate stack on 

-----1090 

the staircase structure 

FIG. 10 

9674045_1 /13 
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Under 37 C.F.R. § 1.136(a)(3); 

3. U.S. Utility Patent Application entitled: 

WORD LINE CONTA.CT STRUCTURE FOR THREE-DIMENSIONAL 
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and naming as inventors: 

Jifeng ZHU 
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Jun CHEN 
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Xiaowang DAI 
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Kun BAO 
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the application consisting of: 

a. An Application Data Sheet (37 C.F.R. § 1.76) (PTO/ALV14); 

b. A specification containing: 

1. 21 pages of description prior to the claims; 

11. 3 pages of claims (20 claims); 

m. a one (1) page abstract; and 

c. 13 sheets of drawings: (Figures 1-4, 5A-5B, 6-7. 8A-8B. 9A-9B and 
10). 

4. An executed Power of Attorney by Applicant fonn (PTO/AIA/82B) and 
the Transmittal for Power of Attorney form (PTO/AIJV82A). 

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) \vithout Declaration 
and without the required fees. 

DJF/Y -G/tas 
Enclosures 

9960939 l .doc:x 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 
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If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 
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REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
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<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 
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REMAINING NUMBER PRESENT 
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I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 
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0 Independent Minus ... = z X = OR X = w (37CFR 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 "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If 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 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/126,947 09/10/2018 Jifeng ZHU 4123.0480002 
CONFIRMATION NO.1077 

FORMALITIES LETTER 26111 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

11111111111111111 lllll ll]~!l]!~l!~IU!ll~jUl~ill lllll lllll lllll llll llll 

Date Mailed: 10/15/2018 

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. 
• 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. 
• $( 0) previous unapplied payment amount. 
• $1880 TOTAL FEE BALANCE DUE. 

Items Required To Avoid Processing Delays: 
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency 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): 
Jifeng ZHU 
Zhenyu LU 
Jun CHEN 
Si Ping HU 
Xiaowang DAI 
Lan YAO 
Li Hong XIAO 
A Man ZHENG 
Kun BAO 
Haohao YANG 

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/ AuthenticateUserLocal EP F. htm I 

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. 

/kgebremichael/ 

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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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/126,947 

26111 

FILING or 
37l(c)DATE 

09/10/2018 

GRPART 

UNIT 

2812 
FIL FEE REC'D 

0.00 

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

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

4123.0480002 20 3 
CONFIRMATION NO.1077 

FILING RECEIPT 

1111111111111111111111m~mll!U~~111~,111111111111111111111111 

Date Mailed: 10/15/2018 

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 

lnventor(s) 

Applicant( s) 

Jifeng ZHU, Wuhan, CHINA; 
Zhenyu LU, Wuhan, CHINA; 
Jun CHEN, Wuhan, CHINA; 
Si Ping HU, Wuhan, CHINA; 
Xiaowang DAI, Wuhan, CHINA; 
Lan YAO, Wuhan, CHINA; 
Li Hong XIAO, Wuhan, CHINA; 
A Man ZHENG, Wuhan, CHINA; 
Kun BAO, Wuhan, CHINA; 
Haohao YANG, Wuhan, CHINA; 

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

Yangtze 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/CN2018/101308 08/20/2018 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CHINA 201710774754.6 08/31/2017 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 
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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: 10/11/2018 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/126,947 
Projected Publication Date: To Be Determined - pending completion of Missing Parts 
Non-Publication Request: No 
Early Publication Request: No 
Title 

WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Preliminary Class 

438 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
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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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Ul\Tl'ED STATES De:PA RTMK',T OF COMivmRCF: 
United. States Patent and T.rade1nark Office 
A1lCU~ss COMMJSifa)'IER FCJR PATEl>JTS 

21.113-1450 

APPLICATION NU1vIBER FILING OR 37l(C) DATE FIRST NAl'v1ED APPLICA;"fT ATTY. DOCKET NO./TITLE 

16/126,947 09i10/2018 Jifeng ZHU 4123.0480002 
CONFIRMATION NO. 1077 

FORMALITIES LETTER 26111 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

1111111111111111111111 m~t1]iu~1! ~i11~ 111i11i 11111111111111111111111111 

Date Mailed: 10/15/2018 

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 accordecJ to ti1is application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice witl1in 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 t11e provisions of 37 CFR ·1. 136(a). 

• n1e statutory basic filing fee is missing. 
• The application search fee must be submitted. 
• The application examination fee must be submitted. 
• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 
n1e surctiarge 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. 

S.!JMMARY OF FEES __ QU~_; 

Tl1e fee(s) required witl1in 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 establist1 micro 
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 158.) 

• $ 300 basic filing fee. 
• $ 160 surcl1arge. 
• $ 660 search fee. 
• $ 760 examination fee. 
• $( 0) previous unapplied payment amount. 
• $ 1880 TOTAL FEE BALANCE DUE. 

Items Required To Avoid Processing Delays: 
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Applicant is notified that the above--identified application contains the deficiencies noted below. No period for 
reply is set fortt1 in this notice for correction of U1ese 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 witt1 37 CFR i .64, executed by or with respect to each actual inventor no later than tt1e 
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): 
Jifeng ZHU 
Zhenyu LU 
,Jun CHEN 
Si Ping HU 
Xiaowang DAI 
Lan YAO 
Li Hong XIAO 
A Man ZHENG 
Kun BAO 
Haol1ao YANG 

Replies must be received in Hie USPTO witt1in tt1e 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 st1ould be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313- i 450 

Registered users of EFS-Web may alternatively submit tt1eir reply to ti1is notice via EFS-Web, including a copy 
of tl1is Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
t1ttps://sportal.uspto,g_ov/auti1enticate/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 t1ttp://www.uspto.gov/ebc. 

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

/kgebremichael/ 

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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Donald J. Featherstone 
DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

December 13, 2018 

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

Re: U.S. Patent Application 

(i:) Sterne Kessler 
'")/ S'H':RNE KESSLEfl GO!..OSTEIN Ix FOX 

Confirmation No. 1077 
Mail Stop Missing Parts 

Appl. No. 16/126,947; Filed: September 10, 2018 
For: WORD LINE CONTACT STRUCTURE FOR THREE­

DIMENSIONAL MEMORY DEVICES AND FABRICATION 
METHODS THEREOF 

Inventors: ZHU et al. 
Our Ref: 4123.0480002 

Commissioner: 

In reply to the "Notice to File Missing Parts of Non-Provisional Application," dated 
October 15, 2018, Applicant transmit the following documents for appropriate action by the U.S. 
Patent and Trademark Office: 

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

$1,720.00 - Patent Application fee (including basic filing, search and examination 
fees) 

$160.00 - Surcharge for late filing fee or late Oath or Declaration 

2. Original Declaration, executed by the inventors; 

The above-listed documents are filed electronically. 

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

DJF/M-Y/d-o 
Enclosures 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

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

10434079 l.docx 
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Electronic Patent Application Fee Transmittal 

Application Number: 16126947 

Filing Date: 10-Sep-2018 

Title of Invention: 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Named Inventor/Applicant Name: Jifeng ZHU 

Filer: Donald J. Featherstone/David Ofori 

Attorney Docket Number: 4123.0480002 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 300 300 

UTILITY SEARCH FEE 1111 1 660 660 

UTILITY EXAMINATION FEE 1311 1 760 760 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160 

Petition: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1880 
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Electronic Acknowledgement Receipt 

EFSID: 34579951 

Application Number: 16126947 

International Application Number: 

Confirmation Number: 1077 

Title of Invention: 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Named Inventor/Applicant Name: Jifeng ZHU 

Customer Number: 26111 

Filer: Donald J. Featherstone/David Ofori 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0480002 

Receipt Date: 13-DEC-2018 

Filing Date: 10-SEP-2018 

Time Stamp: 16:55:27 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1880 

RAM confirmation Number 121418INTEFSW16560200 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

5425498 
2018-12-13-Reply-Missing-

1 Parts- yes 7 
Declaration-4123-0480002.pdf 512ac8697b78429bbac715719c28f3027c0 

e8947 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Oath or Declaration filed 4 7 

Applicant Response to Pre-Exam Formalities Notice 2 3 

Miscellaneous Incoming Letter 1 1 

Warnings: 

Information: 

37334 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
530e23cdab515Sc16dc011 d74397ff6d5fa 1 

f825 

Warnings: 

Information: 

Total Files Size (in bytes) 5462832 
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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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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Atty. Docket No. 4123.0480002 

COl\/IBINED DECLARATION ANI) ASSIGNl\/fENT 

DECLARATION 

As the below named inventors, I hereby declare that: 

This declaration is directed to: 

D The attached application, or 

[gl United States application or PCT international application number 16/126,947 

filed on September 10, 2018 

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

I believe that l am the original inventor or an original joint inventor of a claimed 
invention in the application. 

I hereby acknowledge that any willful false statement made in th.is declaration is 
punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or 
both. 

ASSIGNlV[ENT 

In consideration of the sum of One Dollar ($1.00) or equivalent and other good and 
valuable consideration paid to each of the below named inventors, each of the below named 
inventors, hereby sell and assign to Yangtze Memory Technologies Co., Ltd., a corporation 
fonned under the laws of China, whose mailing address is 18 Gaoxin 4th Road, East Lake High­
Tech Development Zone, Wuhan, Hubei, China (hereafter referred to as the Assignee), his/her 
entire right, title and interest, including the right to sue for past infringement and to collect for aH 
past, present and future damages, for the United States of America (as defined in 35 U.S.C. 
§ l 00) and throughout the world, 

(a) in the invention(s) known as 'WORD LlL~E CONTACT STRUCTURE FOR 
THREE-Dil\.'IBNSIONAL l\.'IBMORY DEVICES ANT) FABRICATION 
METHODS THEREOF for which application(s) for patent in the United States 
of America is identified above, in any and all applications thereon, in any and all 
Letters Patent(s) therefor, and 

(b) in any and all applications that claim the benefit of the patent application 
identified above in part (a), including non-provisional applications, continuing 
( continuation, divisional, or continuation-in-part) applications, reissues, 
extensions, renewals and reexaminations of the patent application or Letters 
Patent therefor listed above in part (a), to the full extent of the term or tenns for 
which Letters Patents issue, and 
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Appl. No. 16/126,947 
Atty. Docket No. 4 i 23 .0480002 

( c) in any and all inventions described in the patent application identified above in 
part (a), and in any and all forms of intellectual and industrial property protection 
derivable from such patent application, and that are derivable from any and all 
continuing applications, reissues, extensions, renewals and reexaminations of 
such patent application, including, without limitation, patents, applications, utility 
models, inventor's certificates, and designs together with the right to file 
applications therefor; and including the right to claim the same priority rights 
from any previously filed applications under the International Agreement for the 
Protection of Industrial Property, or any other international agreement, or the 
domestic laws of the country in which any such application is filed, as may be 
applicable; 

all such rights, title and interest to be held and enjoyed by the above-named Assignee, its 
successors, legal representatives and assigns to the same extent as aH such rights, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale not been 
made. 

The below named inventors agree to execute all papers necessary in connection with the 
application(s) and any non-provisional, continuing (continuation, divisional, or continuation-in­
part), reissue, reexamination or corresponding application(s) thereof and also to execute separate 
assignments in connection with such application(s) as the Assignee may deem necessary or 
expedient. 

The below named inventors agree to execute all papers necessary in connection with any 
patent enforcement action (judicial or otherwise) related to the application(s) or any non­
provisional, continuing ( continuation, divisional, or continuation-in-part), reissue or 
reexamination application(s) thereof and to cooperate with the Assignee in every way possible in 
obtaining evidence and going forward with such patent enforcement action. 

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

The below named inventors hereby represent that he/she understands that the patent 
practitioners associated with CUSTOMER NUMBER 26111 are the legal representatives of, 
and attorneys for, the assignee, and are NOT the legal representatives of, and attorneys for, the 
inventors. 
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Appi. No, 16/126,947 
Atty. Docket No. 4123.0480002 

IN \VITN""ESS \,\,1-IBREOF, executed by the below named inventors on the date opposite 
hisiher name. 

LEGAL NAME OF INVENTOR 

Inventor: Jif eng ZHU Date: 

Signature of Inventor: _ __,]~1'--ul---'I lJ""--
1 
--~---------

\ 0 

LEGAL NAME OF INVENTOR 

Inventor: Zhenyu LU Date: 

LEGAL NAME OF INVENTOR 

Inventor: Jun CHEN Date: 

.--r) ,, ,A cF11tJ Signature of Inventor: ___ , _VVII_\ ___ \ _______________ _ 

LEGAL NAME OF INVENTOR 

Inventor: Si Ping_m_. _J _______ Date: 

Signature of Inventor: __ <;.:,:_:____,_P.,_; w'--:7~,;--+)d_,_lJ=----------------

LEGAL NAME OF INVENTOR 

Inventor: Xiaowang DAI Date: 

Signature of Inventor: --~X=!M~(ry ''-f:l{--'--'.f _______________ _ 
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LEGAL NANIB OF INVENTOR 

Inventor: Lan YAO Date: 

Appl. No. 16/126,947 
Atty. Docket No. 4123.0480002 

Signature ofinventor: ....... La,~···-""""---------------------

LEGAL NAME OF INVENTOR 

Inventor: _L_i _H_o_n=g_X_L_A_O ______ Date: 

Signature oflnventor: ~c..._----------­

LEGAL NAME OF INVENTOR 

Inventor: A Man ZHENG Date: 

Signature of Inventor: ........,Ac....;__,/Vi'--~-(\_=--Z..:....H'-"'f'-'N-----'6'-'--------------

LEGAL NAME OF INVENTOR 

Inventor: Kun BAO Date: 

Signature of Inventor: ____ ..L~-----"'{f_&o ___ ~----------
LEGAL NAME OF INVENTOR 

Inventor: Haohao Y Al~G Date: 

Signature of Inventor: ....... }:1.td~-~~fa+-'N'--'·&,:.L.._ ______________ _ 

l 0202996_ l.docx 

Page 4 of 4 

Micron Ex. 1002, p. 78 
Micron v. YMTC 
IPR2025-00117



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/126,947 

26111 

FILING or 
37l(c)DATE 

09/10/2018 

GRPART 

UNIT 

2812 
FIL FEE REC'D 

1880 

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

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

4123.0480002 20 3 
CONFIRMATION NO.1077 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!Ulll~U~, 11111111111111111111111 

Date Mailed: 12/18/2018 

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 

lnventor(s) 

Applicant( s) 

Jifeng ZHU, Wuhan, CHINA; 
Zhenyu LU, Wuhan, CHINA; 
Jun CHEN, Wuhan, CHINA; 
Si Ping HU, Wuhan, CHINA; 
Xiaowang DAI, Wuhan, CHINA; 
Lan YAO, Wuhan, CHINA; 
Li Hong XIAO, Wuhan, CHINA; 
A Man ZHENG, Wuhan, CHINA; 
Kun BAO, Wuhan, CHINA; 
Haohao YANG, Wuhan, CHINA; 

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

Yangtze 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/CN2018/101308 08/20/2018 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CHINA 201710774754.6 08/31/2017 No Access Code Provided 

Permission to Access Application via Priority Document Exchange: Yes 
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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: 10/11/2018 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/126,947 
Projected Publication Date: 03/28/2019 
Non-Publication Request: No 
Early Publication Request: No 
Title 

WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Preliminary Class 

438 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
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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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/126,947 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 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 "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

16/126,947 09/10/2018 

26111 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jifeng ZHU 4123.0480002 
CONFIRMATION NO.1077 

PUBLICATION NOTICE 

1111111111111111111111 ll]~!l]!~l!~IU!IH~ !1~!11111111111111111111111111 

Title:WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Publication No.US-2019-009681 0-A 1 
Publication Date:03/28/2019 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

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

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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Bfr*ffiffil=fITTffi-H □ ~tt~aBfr*ffi-HD~*ffi=H □ l=fITT~~~ttflITT-$ 

*'~fr*~~~ttfli=p%~*ffi=~tiHDITTffi-$*~*ffi-~tiHDITTffi=$*, 
Jti=p*ffi-~tiHD~*ffi=~tiHD~~o 

13. :tzo:txtLl~* 12 Pfi~ITT1J1t, iE'EL=rt~tttmtLlit~•m1liuaafr*ffitJi=p sqfofi~ 
E[{]it$'1""H D, * lititLlit$~~fM!H D ITTXt@sq-~, ~dfritffitJi=p ITT~-~TT D, iu 
~it$~~~mo 
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14. -tm~J.:fLl~* 13 J=ifiJ£s11J~, Jtq:i : 
*$~~~m§ffl~&-~ffi-~~m~m=~~m,*~&-~ffi-~~mfilr 

1<1 ~_t 1J 61 m-~:'i:tli q:i , itffi = ~ ~m 1\{ rit 1<1 ~_t 1J 1:t m-~:'i: tli ~ ~ 61 m =~:'ii~ 
q:i ; 

*ffi-~~m§fflffi-$*,ffi~MWmtt*ffi=~~m,~%~*~~00~ITT~Y 
-$*;~§( 

*$~~MHD§fflffi-~MHD~ffi=~MHD,*ffi-~MH □MW~*ffi-~ 

~mITT*ffi-$*,*ffi=~MH □ MW~*ffi=~~mITT_t*ffi 0 

15. fro~J.%Ll~* 14 J=ifiJ£617J¥!, :i&§tttEitffi-~MH D q:i %.JJx:ffi-~ ~~iiilOtEit 
ffi=~MH □ q:i%~ffi=~~~M,Jtq:i*ffi-~~~M~*ffi=~~~MMW~~~ 0 

16. fro~J.:fLl~* 15 J=ifiJ£ITT1J1!, Jtq:i : 
it~:'i:§tr'i~H NAND *K ; 
it~:'i:!R:!Ejt§}t : 
$~~~~~m,Jtq:i$~~~~~mITT&-~ITT~&-~~m*£*~1ir*tt~ 

61±*ffiM1$ ; 
$~~~ffl~IR~,&~~~ffl~IR~~*$~~~~~mITTffi@ITT-~ffi~N:'i:; 

~El 
$ ~~ lLl;Jffi ~ t&, Alf w ~, £* f 1f ritlt ~ 61 it±* 00 M 1$, Jt q:i it$ ~"'N 1tLl;t£Jt ~ 

:tlk§tttE*ffi-*:'i:~ q:i ITT~&-~ffi-~1tLl;Jffi ~~lOtEitffi=~:'i:tli q:i 61ffi=N1tLl;Jffi 
~;t]k ; 

*ffi-~~m§ffl*ffi-~~;Jffi~~ITT-$*,M**:'i:IR~MW~*~M!R~;~ 

*ffi=~~m§ffl*ffi=~~;Jffi~~ITT-$*,M**~IR~MW~*~MIR~ 0 

11. fro~x.:fLl~* 10 PfiJ£ITT1J1t, Jt:q=iit1~¥-tm§:rt1tJ&mt£knum* Ji it1tm§:rt®!1t 

18. -;frp$~*:'i:, §1t : 
~y-~~:'i:IR~~~y-~~MIR~,*~y-~~MIR~Alf$~~~ITT~~ 

m,Jtq:i*~~~%~tE*~M!R~q:iITT~~00~; 
Nrit~ ~mITTL7JITT~%61t£ktLltt ±m ; 
filT*tt~~±mITTL7JITTffi-~~~m; 
Nr*ffi-~~~~ITTL7JITT~%ITTffittm: 
Nr*ffittmITT_t1JITTffi=~~~~; 
$ ~~foi H □ , M1$ ~ tt tE it~iui IR :!Ejt q:i 61 i~titLl tt ±m, itffi- ~;-ig~~, i~ffittm 

;;¥Oitffi= ~;-ig~m, JU~*$~~ ~m ; ~El 
$~~~~M,Jtq:i*$~~~~MITTffi@ITT&-~Nr*$~~MH □ ITTffi@ITT­

~q:i,~&&~~~~M~*$~~~mITTffi@ITT-m~~Mo 
19. fro~J.%Ll~* 18 J=ifiJ£ITT1Jt!, Jtq:i : 
*$~~~m§ffl~&-~ffi-~~m~m=~~~,*~&-~ffi-~~mtENr 

1<1~_t1J61ffi-*:'i:tli q:i, *m=~ ~mNritH~_t1J 1:tffi-*:'i:tli~~61ffi=~:'i:tli 
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~ffi-~~m~Mffi-$*,~~M~~tt~ffi=~~m,~%~~~~00~ITT~~ 
-$)]\. ; 

~$~*MHD~fflffi-*MHD~ffi=*MHD,~ffi-*MHDM~~~ffi-~ 
~mITT~ffi-$*,~ffi=*MHDM~~~ffi=~~mITT_t*OO; 

~$~~~*MITTffi-~~*M~r~ffi-*MH □~; 

~$~~~*MITTffi=~~*M~r~ffi=*MH □ ~;~R 

~ffi-~~*M~~ffi=~~*MM~ffl~~o 
20. -tzo;fJl.:fV~* 19 J5fij£aq1J1t, Jt~ : 
it~% ITTtitLlil ±mto it~% ITTffittm~=ri!it§ rAJ B"Jti:¥4 ; 
~ffi-~ffi•m~~m=~ffi•m~MfflrAJITTtt~;~R 
~~%ITTffittm~ffl~rAJr~ffi-~ffi-mITTtt~ 0 

21. -tzo;fJl.:fV~* 20 J5fij£al.J1Jit, Jt~ : 
it~% a"J tmtrJ it ±m to it~% B"J ffittim~ ti!i t§ rAJ ITT m 1-t Wti :¥4 ; ~ R 
~ffi-ffi•m~~ffi=~ffi•m~fflfflrAJITT~1-twtt~ 0 

22. jzQ;fJl.:fU~* 21 }3/rj£ITT7J¥!, Jt~ittitLlil ±m~=ri!imH:.li, itffi- ~t{g•m~=rr'i 
~1,tli, itffittm~=ri!imttli, ~Ritffi= ~t{g•m~=ri!i~1,tlio 

23. -tzo;fJl.:fV~* 19 J5fij£1'i"J1J~:t, Jt~ : 
it~:'i=~ti5¥Hl'tq NAND ~K ; 
it~:'i=[R~~t15: 
$~¥~~~m,Jt~$~¥~~~mITT~-~ITT~&-~~$*£*¥1ir~tt~ 

B"J ±* OOM1$ ; 
$~~~ffl~fR~,~~~~ffl~fR~~~$~¥~~~mITTffl@ITT-~ffl$~~; 

~R 
$ ~~ 1MB ~ t~, A~ w tit, £* f 1Trit l1 ~ a"J it±* 00 M 1$, Jt ~ it$ '1"'1~ iva ~ 

~~fflfr~ffi-~:'i=~~ITT~~-~ffi-~~-~~~fr~ffi=~:'i=~~ITTffi=~~­
~t~; 

~ffi-~~m~ffl~ffi-~~-~~ITT-$*,M~~:'i=!R~M~~~*M!R~;~ 

~ffi=~~m~ffl~ffi=~~-~~ITT-$*,M~~:'i=fR~M~~~*MrR~ 0 

24. -tzo;fJl.:fV~* 19 J5fij£ITT1Jit, Jt~ : 
~~%ITT~~~±m,~ffi-~ffi•m~~ffittmITT~-~A~£*~~ITTW~,* 

H~-~~:'i=~fr~*MrR~~ITT~$~~~mITT_t1JITT~~OO~: 
~ffi=~ffi-mA~m~ITTW~~£*f®ITTL*00: 
itffi= ~t{g•mfritffi-~ ~m a"Jffi-$* _t1J 1::tfr~ffi=~ ~m s1.J_t:1J·~J!¥: 0 
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~JKtvU~ 
[ ooo 1J * 1t SJl:k 1*w R. ~ ~ 1* ~Ji®! :IE-:t, i~ jjlj w R. - £1 ( 3 o) ¥ 1[ NANO $ ;;rO ;it B - tl ~ 
:'i:R.Jt tUm::1J1! o 

=,ll::...52..-ic±--,l,!­
l=:I ~ :r.x /I'-

[0002] T. Endoh ~ A l't{] tlF ~ 7'1 "Novel Ultra High Oensi ty Memory With A 

Stacked-Surrounding Gate Transistor (S-SGT) Structured Cell", IEOM Proc. 

(2001) 33-36 1'11.J::sc-~0:rf T - tl½H NANO* 0 ~rm' i~ NANO* Rt-'Htt T ~•x-,filxa )ft 

-w~.~~$ITT~-g~~fflm~~~~~ITTI~%~,*I~~fflruM~~~ITTm~ 
%~~~~tt~ITT-$*.~~~T*~~m%ITT~-g~%~o 

~llJ:H;tJ~ 

[0003] --i'"~mH!itl w R.-5frp mUm:$ tlk ~ti Bf.J 7J¥! 0 i~1J¥!~ =rtf£1f¾ I ~:ttfi i=p Bf.J $ tlk ~ 
:'i:.~ffl~y-~~Jig~~~y-~~tig~o*~tig~~ffl~m:7'1~~00~ITT$~ 
~ ~m O i~1J1t:ili~ =rtfr i~ $~ ~ ~m l'IJ.J _t 1J % 1vtt~ % l'IJ.J titU t:t ±m. fr ittitiJ t:t rrm l'IJ.J 
_t:1J%~ffi-~ffi•m.fr*ffi-~ffi•mITT_t:1J%~~%ITTffittm~fr*ffitteITT_t:1J 
%~ffi=~ffi•mo*:1J¥!:ili~ffltt~$~~ti:rf □ ,*$~~ti:rf □ ~:tt*~tig~ITT 

titiJ t:t rrm, m- ~f{g•m, ti!§tte tom= ~fig•e. iu it:*$~'"~ ~e 0 

[ 0004 J ~--i""~ hm 1!fti i±v R.-5frr mUm:$ tlk =rtfff!I! 1'11.J 1J1t o it 1Jit~ =rtf£1f¾ I~ :ttfi i=p 1'11.J $ ~ 

~:'i:.~ffl~y-~~Jig~~~y-~~tig~o*~tig~~ffl~m:7'1~~00~ITT$ 
~~~m, 1iz:r*~~m_t1Jl'IJ.J~f{g•m.1iz:ri~f{g•mITT_t15·1'1J.JA~$~:rf □ ITTtt;J:t, ~ 
R.1il T*ffi.tf_tjJ Bf.J ~ ~ m O it:1Ji!:ili~=rttitU *~~ ~ ~ ~/J\ ;it~ &lO j£ & , J-A rm •• 
fr*ffiffli=pITTffi-:rf □ ,tt~*~ffi•tt~ITT•iltr*ffi-:rf □ i=pITT-$*~%~fr~ffi 

•ti;fiJ.i=p 1'11.Jffi-tifff!l!H D 1'11.J-$* ;itt-WtitU*~~m ~~/J\Jt~&:;fOjf,&, }Arm•• 

fri~ffi,j:fi=p ITTffi=:rt Do 

[0005] ~ -~~im!:WUw R. ~=r5_¥y-~~Jig:1E-:t:;fo_¥y-~~fff!l!!R~BI.J$tlk~:'i: 0 it~ 
fM!g~Jl~$~~~~~~o*~~m%~fr*~tig~i=pITT~~OO~o*~~:ili~ffl 
fr*~~m_t:1JITT~%ITTtt~~1tm,fr*tt~~1tm_t:1JITTffi-~ffi•m,fr~ffi-~ 
~-e_t:1JITTffittm~fr*ffittm_t1JITTffi=~ffi-~ 0 *~:'i::ili~ffl$~~ti:rf □ ,g 

1$ ~ :tt*ttti B:~ l'IJ.J titU t:t rrm, m- ~fig•m, ffitte ;;ro m = ~figt~m, iu it: i~$ ~ ~ ~ 
ma*~:'i::ili~ffl$~~~~tio$~~~tiITTfflRITT-~1frr*$~~tiH □ ITTm@ITT 

-~i=p,#H~-~~~~ti~*$~~~mITTm@ITT-~~~tio 

~11 ~ ijl ll}=I 

[0006] 00 lA-lB 7J-jjiJJ!-~~]'miJLJi=pl'lf.J NANO $1'1f.J11J!UfJ[fffe!tltffiJ00:;fO{/fH!MltltffiOOo 00 lA 

¾i~~K~:ff00 1B i=p~ Y-Y' Bf.J11J!Uf>[titlt0000, rmOO 1B ¾i~~K~:ff00 IA i=p~ X-X' Bl.JIU 
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f,fil ti ix 00 00 0 

[0007] 00 2A :tP 2B ')j-JJIJ £Jj-'i""~nfilWtl i=p 1¥1 NAND * at11J!LllW.tiixOO 00:tP ,f)fHW.tlixOO 00 0 00 
2A ¾it~:iUfPIOO 2B i=p~ Y-Y' l'II.J11J!Llf,filtiix0000, rmOO 2B ¾it~iUfPf 00 2A i=p~ X-X' 1'11.J 
flJ!Llf,filtiix 00 00 o 

[0008] 00 3 £~;;Jlt!1¥J NAND $1Zf:1~ff~:i[1¥J1r,~ix.S}j o 
[0009] 00 4 ¾1r,tl::\ T,fJJJJ~t,&ag~fil:l!l'II.J~;;JMl¥J NAND $1Zf:1i4'1ff~:'i=l'lttlix001¥1t3=Wi~~lni 
f,ljfJ! (SEM) OO{;L 

[0010] 00 5 £m1Jm:$~~fo:REl1~;;JM::,ry}tEJI.J7r,~ix.SJJ o 
[ oo 11 J oo 6 £ ti ffl -~ ~ nfil 1!ftl iu m: $ ~ ~fil:l! at 1Jrt 1'111r, ~ iR S}j 0 

[0012J oo 1 £~{~ oo 6 1'111Jrtl'l1 ~t1Jowi-=¥r 1'111r,~iR S}j o 

[0013J 00 s ¾1r,tl::\ T*ffl-'i""~nfilWtll'II.J~- Cr) 1t~~att~tfdi:7'1~=~%1t~~l'II.J 
~&1'11.Jru~l'II.JOOo 
[0014J 00 9a ¾~ti::\ Tfr~=~%1r~~l'II.JW&7'1600nm S1ffi- Cr) :fr~~l'II.Jt~;n;ft 
7'1ffi-~%1t~~l¥1Wltl¥Jru~l¥100° 
[0015J 00 96 ¾7Dl±I Tfrffi=~%1t~~l'II.JW&7'1400nm S1ffi- Cr) ft~~l'II.Jt~;n;ft 
7'1ffi-~%1t~~l¥1Wltl¥Jru~l¥100° 
[0016] 00 lOa-106 1t11IJ¾*ffl-'i""~nfilWtl B1frmLlm:$tR~fil:l!l'II.J1Jfti=p l'II.J-~W!½Jl'II.J11J!Ll 
fl] ti~ 00 00 :tP {JfHW. ti ix 00 00 ° 
[0017] 00 10c-10d 5J'-111J£OO lOa-106 B1frm1Jm:$~~Ml'II.J1Jfti=p I'll.]-~ J§tiW~l'II.J11J!Llf,fil 
ti~ 00 00 :tP 1Jff f,filtiix 00 00 ° 
[0018] 00 10e-10f 1t111J¾OO lOa-106 B1frmlJm:$tR~fil:l!l'II.J1Jfti=p 1'11.J-~ J§ti#~Jl'II.J11J!Uf,fil 
ti~ 00 00 :tP 1Jff f,fil;ti ix 00 00 ° 
[0019] 00 lOg-lOh 1t111J£00 lOa-106 B1frm1Jm:$~~fil:l!l'lf.J1Jfti=pl¥J-~J§ti#~Jl¥J11J!tltW. 
ti~ 00 00 :tP {)ff fYMi ~ 00 00 ° 

~1*~:Mffjj~ 
[ 0020 J ~i ~ Jffi ~too -tzo rm~* :tt S}j 1¥1 ~ nfil 1Ytl O B f-'frl', [,:), r ~ nfil Wtl 1'11 ~ oo 7'J =mi~* :tt S}j 
7Di7tll'II.J~nfilWtl, rm~¾~tRtU,:zts::ttsJJ 0 

[0021 J $ Jt - tl Zf:1i4'1ff ~$Yu¾$~ Zf:1i4'1ff tR % PX fr - ~Wtl -tzo ~ ~ 1* s1 Jt 1'11.J $l1 ~z _t, 
rm~~MAtt~o*ffi"$Jt"ffi~~1¥J~-~1¥J~li~m~fr~~~1¥J~-~r~l¥J~ 
1'11.J ~_to t§ &:1:-tl!., = tl ~ YIJ l=IJ l,:J, it 7t 111J % PX~ J§ 1&M~fr-~ l,:J % PX~ F $ Jt Zf: 1i4'1 ff~ Ji o 
Wtl-tzo, 5Z0fr Leedy at~7'J "Three Dimensional Structure Memory" B1~00~;,¥1j% 5915167 
i=p , B im. rl fr 7t ,·, 1'11.J t1 ~ _t % PXZf: 1i4'1 ff tR ::FF ~i it Zf:1i1 ff tR t§ !U¥i1i ~t * ;t1g m: ~ F $ Jt :1$ ~ Zf:1i4'1 
ffofr•~~frl=!Jl,:J,~$tt~~~~~MZf:~ff~i=p~~o~¾~r~Zf:~ff~-H~%PX 
fr')j-~l¥Jtt~_t,~~~~1¥JZf:~ff~¾~~l¥JJ'j'i},-~Zf:~ff~~o 
[0022] ,:zts:;t S}j 1'11.J~nfilWtli'& ft m!Jm:Wtl -tzo$ h 3D ~$Ylj at $tR Zf:1i4'1ff~$Ylj 1'11.J~fo:l!l'II.J 1Jft O fr 
- ~ ~ nfil 1Ytl i=p , $ ~ Zf: 1i4'1 ff~ Ji {r1 t15 ~ d>-'i"' ~ :ic IR :!Ex :f P ~ y - ~ ~ fu:l! IR~, Zf: 1~ ff$ 5G 
( Wtl1zP¥H NAND $1 180) {vrit~d>-~~:ic!R~, $tR~fil:l!{flrit~d>-~~MIR:l:!'xo -tzo 
003~4m7D[,:J,ftl,:J,r~WWil¥JM~,$~¥HM~Zf:~ff~~l¥J~~,f)JJrl¥J~~[,:J,~~~ 
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~ m: ~ JL l:J lit 7J ~, Jli:ii fA Zf:1iti ff p$ :JU 1'11 _t:~ 00 IPJ r ~ a' j)}j' 120 t_gr~Ll fr [[! fa:! 1'11 ft ~ ~ q=i 

EtSH □ 130 B1~3'U LlR.fri~H □ 130 i=piJURt:tfoi~~ l:J~Mi~-§'pfr 120, PTl:J~fYlfLl.J!ll~ 
~D~ITT~~M 0 fr~~$~Zf:~ff~~ITT~~D~ITT~MITT~~:1J~i=p,fraB•~ITT 
a' j)})' z 1W , ~ J1E ~ :ti/Ii :ii ti¥~ 1'11 a' pfr 0 

[0023J *l5tStJ B1AB~nffi11tl1'£1i¾ T .J=, - £tZf:1itiff~:'i:~3'U, iJtlYo½li NAND $ EJ1p$JU o 
*M~$½li~IPJ,MW~&-~Zf:~ff·~t'z:r~-~Zf:~ff·~ITTL7Jo*~~ftW 
M~~:'i=ITT½li~~,l:J1'£~~•t'z:ffi~ITTliQXWAB¥~~HMITT~~~~Zf:~ff• 
]Lo 

[0024] fr-®~JJffifJtl i=p, YO 00 lk, 2A ;flJ 3 fifr~, .), - £t NAND $ 180 "Bt15:':f':~1*¥kJii!! 1, i~ 
¥~1*iZJii!! 1 Jl.~~y-~!i/m$5:t, i~!l!m$%£*½1i r:ttn£ 100 B1±fffi 100a M1$ o iJtl 
YIJ, YIJ 00 IA ;flJ 2A Pfr~, i~¥~1*t±]ii!! 1 PT l:JJl.~tt% %~, :H Ji~ -i"1tl:J~ 1'11.J ¥~ 1t1ZJii1!£ 
**li r:ttn£ 100 BI.J±f ffi 100a fil1$ o frit®~nffiiJtli=p, YOOO IA ;flJ 2A ?fr~, *~:'i:1'11.Jim I 
1ffi~tRPTl:J"Bt15tl1i¾fri~¥~1*¥ZJii!! 1 BI.Jr:::iJBI.Jr~~ 102 ;flJ%n\Gfr*¥~1*¥ZJJJ!! l B1L 
1JB1L~;tlk 2020 E1XW,YIJ00 3 Pfr~,i~¥~1*1kJm 1 PTl:JJl.~ u ~1'fii1!1'11.J%~o i~ u %ff 
ii1!%~1'11¥~1*¥ZJJJ!! 1 ITTM~Jl$5J\. la ;,fl] lb pJl:J£*½liri~:ttft£ 100 EtS±fffi 100a, 
:Hli*U%ffii1!%~¥~~~mlITT~~*M~Jl$%1a~lbITT~~$%1c£*ffi 
r:ttft£ 100 1'11.J±fffi 100a M1$ o tEit®~nffiiJtli=p, imflzQXw;'1ffi~!R:J;;i-tz-l~:i~ 202 1 hJ1.L 
1J~Mi~¥~1*tkJii!! 1 ITT:ffi-Jl$5J\., Wim;tJkQXw1Jr:iHJk!R~1'11~-~g~ 2022 hJ\LJJ~foi 
i~¥~1t1kJm 1 l'II.J:ffi=Jl$:n\.o PT~ITT1*t~fo£1!~~ C *~t±:!) PTl:J W::'i=fri<tn£ 100 q:i, l:J 
1'£~Mr:1J~M*¥~~~mlITT~~$%ITT~~Mo*M~$ITT~~D~C~)QXWZf: 
ltX fill 1* 1'f YO 00 3 Pfr ~ 0 fr YO 00 3 ~ t±:! I'll.) ~ JJffi iJtl i=p , pJ l:J Jffl, :iiim ~ ( SL) ~ ~ ,nn~ NAND * I'll.) 
im IR~ 20 22 , WPT l2J- JJi :ii {IL~ (BL) ~ ~ t§ ~~ NAND $ B11ffi !R :J;;ij 2021 o fr i~ U ~ EtS ~ JJffi f1tl i=p , 
a*i:ii 210 5t H * u % 1'f JJ1!%~ 1'11.J M ~"'JI$ 5t 1 a ;flJ 1 b o PT l:J ffl 1r ~f3 fittJ! 1E i~ a*i:ii 21 o o 
[0025J fr-®~*11a q:i, yo oo 2A-2B Pfr~, ¥~1*1kJm 1 PT l:J:JJ!J~tJJEITT~rtJ O a-®~ 
>7rB1~nffiiJtli=p, YIJ 00 lA-lB ?Jr~, ¥~1*ikJii!! 1 PT l:J¾i=p 21'11, iJtlYo¾tJJE~tig~j:j;JE;f,i*4 2 
ITTi=p2~tt~ofrit®~nffi~i=p,1=rJl:J%M~~~1EHM2l:J~1Ern*¥~~~m1m~ 
ITTi=p2$%a 
[0026] :tt ft£ 100 PT l:J¾1f:1PJfYl~tt* B~o ITT:':f':~1*1-t ft£, iJtlYO.fillli, fYLlYOli - ffiE!xw 
a -ffi- ~I'll.) IV-IV ~1t~1m, III-V »*1,t~1m, II-VI »*1,t~11lJ,frit~:ttft£LE11>7rfil~QX 
wiJLl YIJ"-t 1,t. li' ~~' mfit' ~~ QXW p~ ~ft ft£ 1'1113:1PJ AB¥~ fifit QX w ~F:':f': ~fifit O i~:tt 
ft£ 100 pJ l:J "B t15tLl ¼fr AL 1'11 ~M ~le!, iJtl YO J=§ r Zf:1iti ff ~:'i= 1'11 #IR Z9J ~le! 0 
[0027] 13:fPJ ~ifl 1'11.J ¥ ~ 1t:ri fit pJ l:Jffl r¥~1*1ZJJJ!! 1, iJLlYIJ a, ffi' ffi1,t.li, ElXWiJLlYIJ 
I II -V ~. II-VI 1i*ITTAB1,t.~1m¥~1*:rifit, QXW ~ ~QXW:':f':~ ~ITT"-t1t4in~fifito ¥~ 
1*:rifit PT l:J¾~Ffill ITT,$ fill B1QXW •fill 1'11.J O i~¥~1*1kJii1!:rifit PT l:J rn,f3:1PJ ~ifll'tsm1R1J1t 
%Mo iJtlYIJ, fr-~---~nffiiJtli=p, *¥~1*ikJii1!:rifitffi1tHE1,t~~t§iJUR (LPCVD) %Mo fr­
® Jt ~ EtS ~ JJffi fytl q:i , * ¥ ~ 1*¥ZJm:ri fit PT l:J rn Jli:ii ~~fill tn~tm1R ITT~ F fill¥~ 1*H fit% nx: 
ITT~~ fill ITT$ fill¥~1*Hfit%M 0 

[002sJ t;ig~tJ1E:rii4 2 PT l:J "Bt1513:1PJ ~t'@~:rif4, 1JUYO"-t1,tli, ~1,tli,~"-titliE!xwJt 
B~ k t'@~:rifito 
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[0029] -P000 1A _¥ 1B,2A _¥ 2B ;;flJ 3 ?,fr~, it-'¥LJ=, -tt NAND $iE~t15$-i"'NitLl8fi (CG) 3a 
itNmU8 ~:ti 3 PT~ ~ti!i Jl-~wtftl'l"Jffl35t, itffl35J'-~:;$:f1irit ff£ 100 as± f ffi 100a fil 
~o~$~N~8~~3~fflfilrffi-~K~(~~.~K~~~ITT_¥~-~ffi-N~ 
8~fi 3a 5tlJfilrffi=~K~ ( 1Ytl-PO~KtJl B) ~l'l"Jffi=NmU8~~ 36, itffi=~KtJl{irr 
ititn£ 100 B"J±fffi 100a 1'1"J_tj'f;;f1Jit~KtJl A l'l"JT1f o itNmU8flkITTtJf4PT~~ti!ifYl~ 
tt* B ~o ITT 1I:1PJ -# Elx:w $ trr15-~ as~~ Elx:w ¥~1*N iua flktJf4, 1Ytl-Po 1~~ $ fB a,~, 
'f[r!I' ffi ' 4'1L tJc' tir ' m 1-t tJc Elx: w '8 ff] B"J 15-~ 0 1Jtl YO , tE -® ~ llfil 1:Jtl ~ , {jt;Jzg $ fB a ~{!!it,~~ 
fJI!.o 

[0030J Plit3ft~1* 7 filr£5NmU8~ 3 t§~~Elx:w1BtJl:ffi!tJEo itPlit3ft~1t 7 PT ~~ti!i 
{irr 1=5it$~NmU8 ~fR 3 ITT1§mI1'1"1-~*fo:l! 1'1"1$~plij3:fr-~ $%, 1:JtlYo-Po 00 lA-18 ;fl] 00 
2A-2B m~, {irr~KtJl A~ ITTffi-1f'~1tW5t 7a ;;flJ{irr~K~ B ~ ITTffi=:fr-~1tffl35t 76 
5t11Ll£5NmU ~flk 3a ;;fo 36 *Mo Elx:w, -Po 00 3 Ji)T~, Pli13ft ~ 1* 7 PT ~¾ii~l'l"J o 
[0031J -'¥lJ=, -tt NAND * filPT~~:rt$~5t~ITT ~w1it7f:ffl15J'- 9, ~-~~w1it7f:W5t 9 
filT*ffl~ft~~7~*~m1~~0~~~'*$~5t~~wfflZf:$%9~fflfilT~K 
~A~ITT_¥~-~ffi-5t~~wfflZf:$%9a~filT~K~B~ITTffi=5t~~wfflZf:$5t 
9ba ~w, YO 00 3 Ji)T~, i~ ~w1i1Zf:$5t PT ~¾iitil'l"J o filffJt¾iJL it~w1i1Zf:$% PT~~ 
ti!i tEiiti ~ w1~ ff m B"J flu W 12$)~ 0 
[0032J -'¥LJt-£t NAND * l'l"J~m1r-~1* 11 filrit$~5t~ ~w1itZf:W5t 91'1"1~-~lo* 
¥~~~m1~~o*~m:fr-~~lll=iJ~~ffl$~ffl~:fr-~$%llElx:Wfr~tt~ITTii~ 
ma 
[oo33J itfflJ3:fr-~1* 1 ;;fo~m:fr-~1* 11 m~1t \'r:i:ih;Jzg §1I:1PJ-~Elx:w~1§P3~w~P3 
1'1"1 t{g~;t;J *4, 1:Jtl-Po~ 1-t a, m 1t a, m~ 1t a Elx: w Jt '8 ~ k * ~tJ *4 0 
[0034] it~w1i1Zf:W5t 9 m~~ti!i5J'-~Elx:wii~B"1~1* ( WtlYIJ, ~Ji~w~~15-~, {JtlYO 
$)(, lEI, H, ffl.{ttJc, ffl.{t~ ,ffl.{-tffl,ffl.ftffrElx:w~~li1-t1o/J, 1Ytl-Poli{t4:jc, li{-ti~,li11.tir, 
Elx:w'BIDITTffl15-)~w¥~~c~~.$fBli)~K•-~~~*~~Elx:w5t~Elx:wii~ITT 
~wfitZf::fr-~ 1t c 1:JtlYo, ffl.1-tliElx:wJt:'8:fr- ~ti"f4) mtzg O 1:Jtl-Po, tE-®~llfil1Jtl ~, * ~ ~ 
wffl7f:ffl35t9¾5t~~wfflZf::fr-~m~,Jt~-~~fflfilrfflmIITT~%m~*~ffl1ffl35t7 
~ ITT1t1t1mmtzg, Jt:~~1-tar,liJ3:fr-~W* 1 ,m1-twm~ g lo~1-tar~m1r-~1* 11 %JVG 
*~~$ITT~1t1o/J-ffl.{t1o/J-~1tWITT5t~~wfflZf:m~aElx:w,m~~ffl$fBli~K8 
:tlka 
[oo35J oo 4 ¾~1±1,m,i)[~li NA!\n Zf:1it~~Kl'l"1tltiffiITTt3ti'a ~ ~ ~ttim csEM) 1'1"1001~L 
-PoOO 4 }i}r~, *fo:l! 132 M*MIR~ 134 asTm*ffiM1$_¥NmU8~ 31'1"18~:t,Jk~r,f)- 1200 YIJ 
~ T ~ -ic¥: ~ l'l"J i 1 it, iffi,;ttffl 1Ytl-Po 4:[r!I Elx: w ti§ Elx: w '8 ffJ l'l"J li 11Am l'l"J ~ ~;t;,t f4 ±Ji YE% JVG tE ~ ~1g ~ 
c *~) i-Jf4124 ~as:tt-rL*mum:*fn:l! 1320 7'J%JVG-Pooo 4 m~as~r,froo~,tzgm:itNmu 
a~t& 3, JArmffi-~ ~m c 1Ytl-PotEmITT:Litii:~ITTT m) ~=tttjtrPJM1$~:ttffi=~ ~m c fytl 
-Po,tEit:Litii:~~~ITTm) l'l"J-$5J'-o t~fo:l!:rfD~ti!ifil1$_¥itffi-~~m C 1:Jtl-Po, 120a) l'l"J 
ffi-W5tl'II.Jffi-t~fo:l!-H D ( WtlYO, 00 7 ~ B"J 130A) ;;f1Jfilf$_¥ itffi=~ ~m ( {Jtl-PIJ, 1206) B"J 
_t*ffil'II.Jffi=*fo:l!:rf □ ( 1:Jtl-Po, 00 7 ~B"J 130B) 0 1:Jtl-Po,itffi-~~m ( {JtlYO, 120a) PT~¾ 
ffi-NmU8 ~~ 3 ITT-ffl35t, J-A~K!R:l;iijfil{$_¥*fo:l!!R~ 134 ;:H ii itffi=~ ~m ( 1:Jtl-Po, 
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12Ob) PT l:f¾m=NtLl8 ~f,& 3 61~1f13f)-, /A~:'i=IR~fil1$_¥*foBI!R:IE-:t 1340 
[oo36J 00 5 ;,r, ti::\ T tE 1tffl mLlm:L~ 00 4 i1-i:'~61 ~tlt*foBI 61'm,;;J)l1Jiti=p 61ft11J!tl 6"1 IJ::iJ N!o tE 
1t;;Jll1Jfti=p,NtLl86'Pft 120 ql~~il-1:617!'~ ( ~~fg~) :ri;JE4fzL m~:1t~m¾:k%6"1 
t£ktLltt rrm 122 0 i~:k%61t£ktLltt rrm 122 PT l:J EB Wtl-tiom itliaqff:1PJ ~:©:6"Jti;JE4tLlJJ>G O i~ 
:k%6<Jt£ktLlttrrm 12211~~EB:-:f[A]re 122 6<Jti;JE4tLlfflG61m=:1t~m 1240 *m=:1t~ 
:ri *4 PT l:f EB~ =ri5 Wtl-tio fU,t. li c 11u 1io , s i 02> 61 ~ 1,t.w 6113: 1PJ ~:©: 61 :ri *4 iu fflG O i~m = * ~m 
124 :-:f ¾:k%6"10 filJ?Jt¾w., * ~m 124 6"1~& (hl' h2, h3, h4··· hi) ~m~~~~a- 11/1 120 
rm~1t, /Arm*m=:1t~m 124 6"1L*ffi 124a ~,t,1~ 100 61Ii!e~tEJ5fi~a-pfl- 120 4='¾1§[A] 
6"10 m~:1t~m,epffitHllJ3e 126,l'iVfxtEi~m=:1t~m 124 61L7Jo *ffitHJl13e 126 
PT l:f EB 13:1PJ ~:©: 6"1:ri *4 tLlfflG, 1Jtl -tzo m 1t li < Wtl-tio , 1Jtjzg ~;km 61 t£ktLl tt 1-tm 122 1§ IA] 1s ~ m 
=1t ~e 124 :-:f1§[A]!'rq:;f-J;JE4) o ZJ§, m IJJl1t~e 128 iJC;fRtEi~11ffit1Jllt3m 126 Lo mlJJl:1t 
~m 128 PT l:J EB -eHi5Wtl-tio~1tli ( 1Jtl-tzo, Si02) 61~1ttm6113:1PJ ~:©:61:ri;JE4mLlfflG 0 
[0031J :1/vmLlm:~mLlffltfliza-j)f)-12O 6"1*foBI,hA.i~mlJJl:1t~m 128 asTPY*ffi 128a, ~;ij:i~mlJJl 
ft~e 128,i~11ffit1:Hllt3m 126 ;fOi~m=:1t~m 124,titf:rf □ 13OA-13OEo ~fR:f:-ili,tEm~ 
t£ktLlwt,i=p ~F;rzg1ftt:1:-ilit£ktLl ( ep, ffl l:}£*1§ IA] 61ifil$t£ktLlJ5fi~ti;JE461t£ktLl1fLlt£ktLl) i~m 
IJJl:1t ~m 128 toi~tl!§tHllt3e 1260 ~_J§;rzg1ftt:1:-mt£ktLl < ep, ffit£ktu~#ti;JE4 < Wtl-tzo, m= 
:1t~ti;JE4124) £*rr:re6"1ti;JE4 < 1Jtl-tzo,t£ktLlttrrm 122) ~-1:R: < Wtl-tzo,2-1O fi"r~w~·l:R:) 
6"1t£ktLl1fLlt£ktLl) ,N1_rm3f □ tE*t£ktLlttrrm 122 L1~lto 
[0038] ~rm, i:1§t£kt1J3t D 13OA-13OE a1, ,m, %6"1¾~itaq3f D ( Wtl-tzo, 13OE, 13OD, 13OC) 5t 
r~i~613T D ( Wtl-tzo, 13OA) ~:ctt£ktLltt lte 122, fUJt;:i~t£ktLltt rrm 1220 MI~tlt ( a'Pft) 
~ § 6"1 ~ tm , ~jt * M 7v IJ::iJ ~ 0 :,:f ~~ mLl tE 1Jtl -tzo $ tlz NAND ~:'ii 61 $ tlz ~1i1'i ~~K i=p 6"1 f& 6"1 ~ 
§, JtPT l:J ~=ri5, Wtl-tzo 2 _¥ 256 tJ1, Wtl-tzo 4 _¥ 128 tJ1, Wtl-tzo 8 _¥ 64 tJ1, Wtl-tzo 16 _¥ 32 tlt o .im:ct 
ttt1Jtl-tzo Cu,Al, '8ffJ6"1~~,gltwli1,t1m ( Wtl-tzo, TL Ni ~W Co li1-l/lWJ) 61~~:ri:¥4iJCfxtE 
3f □ 13OA-13OE i=p,fcfflt*foB!o 
[0039] 00 6 ;fO 7 ¾mLlm:$tlt*foBI61m~~JJm1Jtl7Jft61;,r,WtlfilSJL tEi~~JJmWtll=f,~mLl8 
a-11/1 120 11~~ * ~:ri;JE4:hl-l:, ~=ri5 :-tzo--1.m~aqt£ktLltt 1-tm 122,m=:1t ~m 124, ffitHll 
t3m 126 tomlJJl:1t~m 1280 ~rm, ~oo 5 611t;1;Jll61:hl-i:1§&, i~m=1t~m 124 ¾:k%61 
e O illJ?Jt¾iJL i~m=1t ~e 124 6"1f!¥:& (hl, h2, h3, h4··· hi) xtrm~616' Pft 120 £*1§ 
IA] ( {Jtl-tzo, hl = h2 = h3 = h4 =hi), ff Ji i~m=1t ~m 124 6"JJPY*ffi 124a 6"1%~N~MI 
a-11/1 120 0 J1t 5r , tE * ~ m1i 1Jtl i=p , m tt j)Jl 13 e 126 ill 1Jtjzg ¾:km aq < Wtl -tio , xt r Pfi ~ 61 a- 11/1 
120, f!¥:&1§[A] > 0 1Jt5t:l:-m, m 122 to 126 EB1§[A]6<Jm~:r1:¥4tLlfflG, rmm 124 to 128 EB:-:f[A]r 
1~m~:r1:¥461t§ IA] 61m=ti;JE4tLlfflG O a~~~JJm1Jtl i=p, *t£ktLltt 1-tm 122 toi~tl!§ttPJl13e 
126 EB wu -tzo w.1,r. li 61 m 1,r. 1m iu M O ill PT l:f 1tffl * '8 :ri *4 0 * m = * ~ e 124 to 1~m IJJl * ~ 
m 128 EB f9tlizo~1,tliaq~1,t1mmLlJJ>Go fil PT l:J 1fJ=§Jt'81t ~:ri;JE4o 
[0040J ai~~m1i1Ytl6<Jm~wfillRi=p, am~t£ktLlwl½t ,01 i=p. ;rzg1ftt:1:-mt£kt,1 c ep, fflt£ktLli~ 
m [gft ~m 128 6"JM;JE4 ttt£ktLli~11!§4-tfpJl13m 126 6"1:ri;JE4 ~-1:R:61t£ktLl1fLl ( Jl~m~t£kt1J1,r.~ 
1m)) t£ktLli~m IJJlft ~e 128, ~:ctOO 7 ;,r, ti::\ 6"1tEJ't3&mt£k1fLl~wJt1~Jt,t~ 300,302 i=p 61JLo 
~¥*6"13f D ( Wtl-tzo, 13OA, 13OB) f~lttEi~11!§4-tfpJl13m 126 Lo t1it6"13f D ( Wtltm, 13OE, 
13OD, 13OC) PT l:Jfc~~ :cti~ffittPJl13m 126a ~rm, EB rtEi~wiJi=p1fffl T ;rzg1'¥•t16"Jt£ktLl, 
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3:Qgi'ftU11titLlri:LlfLl~*p£L13m 126 81, tSi:¥~61-H D 13OE, 13OD, 13OC 1'11tmtLlit)i~'t", ~ 
1&-tEitffi-titLlwll 701 ~t§xt /J,l'l"Jctti:i1t~=* ~m 1240 iktt, ffi-titLl11:.~4?JJPT ~ffl 
-=f1tffl itfflttF,£L13m 126 11::~tmtrJtt ±, ;Q11ftt:r-tl!.iitLl$'1'-*io!l!-H D 13OA ~ 13OE l'l"Jm­
$5J"-, im:tt*m !Jllft ~m 1280 
[0041] tEm=titLlwl½t 102 ~,;Qgi'ftH-mtmtLl c ep,ffltitLlittl!§ttF,£L13m 1261'11:-r;HiJ.rt.* 
m=*~m 124 1'11:-r;t*ij.~-1:R:astitLlri:UtitLl) fr~1*-H D 13OA, 13OB ~ B"Jp£L13m 1260 §~ 
i** □ 13OA, 13OB fLl~i~m=* ~m 124131, 1~ ±titLl O rnritffi=tmtuw~ 102 m1tffl 
T ;Qgi'fttl'l1titLl, t§xt-=fi~ffl4':ip£L;J"~m 126 fA~t*l'tS-H D 13OA, 13OB B1~Pi, -tEitm=*~ 
m 124 ~ 611~-ff D 13OE, 13OD, 13OC B1~£f 1'11titLlt§xt't"o iJt;Q1:riE., Ji!rlfB"J-ff D 13OA-13OE 
1~1-ttEi~ffi=fr~m 124 ~o iktt,m=titLl11:.~4PJPT~ffl-=p1tfflitm=fr~m 12411::~ 
titLltt ±, ;Q11ftH-tl!.titLl$-i'-*M-ff D 13OA-13OE 1'11m=$?t, ~:ttitfflttF,£L13m 1260 
[0042J tEm - titLlwl½t 103 ~, ;Qgi'ftH-mtitLl c vtl-tm, ffltitLlitffi=* ~m 124 1'11:-rt*4rt. 
ittitLltt±m 122 1'11:-r;ti:i-~-1:R:l'l1tituri:utitLl) *m=*~m 1240 §itm=*~m 124 M. 
~1*-H □ 13OA, 13OB ~PiB1 ( ep, §fLl~*iitLltt ±m 122 131) '1~ JttitLl O 1'F~1tJ=IH=~% 
l'l1m=*~m 124 :tPA%1'11tl!§ttF,£L13m 126 3£[A] $-i'-;Q1i'ftttituwitl'l1~:W:, 1ifuJ"11:. T :Ii 
J§titLll'l11*&1'11~'jjrJo PT~%nx;~~B1-HD 13OA, 13OB, rm/fffl~cti~tmtLlttltm 122 fLl~ 
ft1~-HD 13OE, 13OD, 13OC ~ITTNmLl$t&-§-F,fr 12Oa iktt,m-titLl11:.~4PJPT~J=§-=p1tffl* 
A%B"JiitLltt ±m 122 ~iitrJtt ±, ;Q11ftH-tl!.titLlt~in!l!-H D 13OA-13OE l'l"Jm- $51, ~ ctit 
ffi=1t ~m 1240 §titLl'.J'cnx:fU:li1*1'11 -§-F,fr 12oe --1.1Jl'l"JtitLltt ±mB1, tE:li1~1'11 -§-F,fr 12Oa 
--1.l'l"JiitLltt ±m 122 1xlHi~~o 
[0043] PT ~1A1fm !JlltitLlwi½I ~ ~Pifr-H D 13OA-13OE ~ B"JittitLltt ±m 122, /A rm fA 
m!Jllft~m 128 1'11J~*ffif 128a fLlNmLl$t&-§-F,fr 120 tl1A:ufLo iktt, m!JlltitLl11:."¥tPJPT~ 
)=§-=f;Q11ftH-tl!.titLl*fn!l!-HD 13OA-13OE asm!Jll$5t, ~ctitA%B"JtitLltt±m 122,fLl~~ 
~m 1200 
[0044J tE--t-~nfilvtl ~, itm-titLlit~4mlom -titH1:.~4m¾t§ IA] 1'11, itm=titH1:. 
~~~ffi!J]~~it~~¾ffl[A]ITT,*Hffi-~~it~~~ffi=~~it~~/fffl[A]cffl-=p~ 
11:.n c vtl-tzo, m 124 lo 128) 1'11:Qgi'ftttitLll'l"J;Q11f$.PT ~¾ffl rin1tli c vtl-tm, m 122,126) 
l'l"J ;Q11f tt titLl l'l"J ;Q11f $1'1"1 13-15 -fii, rm ffl -=fin 11:. li l'l"J ;Q11f tttitLl l'l"J ;Q11f $PT~ ¾ffl -=p~ 11:. 
liB"J;Q11ftttitLlITT;Q11'f$1'114-61tro 
[0045] tE--t-~nfil1Jtl ~, *A* ITTiitLltt ±m 122, itffi=1t ~m 124 :tPitffi4iP£l13m 
126 l'l"J~--t-Alf£:,$::f:>J,$:J l'l"J ~&, * H:;fff lr~tEt~fn!l!IR~ l34 ~ l'l"Jit$-i'-~ ~m 120 l'l"J--1. 
1Jl'l"J-§-F,frOO~o *m!Jllfr~m 128 AlfPT5tl'ts~&:tP£:,$:fffiJB"J--1.*ffif 128ao itm!Jll1t~ 
m 128 tEitffi-~~ml'l"Jffi-$5:t ( 1Jtl-tlo, -§-pfr 128e) l'l"J--1.1Jrt.tE*ffi=~ ~m ( vtl-tlo,-§­
pfr 12Od) as_t1J~~o :/i1~1'11-§-Pir 12Oa {1L-=ftEiitLl1JfPJ~iEe~itffi!Jllft~m 128 l'l"JJ~* 
ffiJ 128a:/i~1il'l"JiEe~o :li~l'l"J-§-F,fr 12oe 1fr-=ftEi~titLl1JfPJ~iEe~itffi!Jllft~m 128 l'l"JJ~* 
ffiJ 128a :li-tf:1'111Ee~ 0 
[0046] Y0--1.i1i-BB1, PT ~iffi.cti~vtlYP Cu,AL B1nB1~~~wli11:.4PJ ( flftlYP, Ti-.Ni ~W Co 
li11:.4PJ) 61~ ~;f;;t*4tJVfxtE-H D 13OA-13OE ~*%m*M 132A-132Eo 1JtlYP, %nx;tEffi-* 
fn!l!-H D 13OA ~ B"Jffi-~ ~*in!!! 132A :tP-tEffi=*M-ff D 13OB ~ B"Jffi=~ ~*M 132B ( Jt~ 
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i~m~~~*ioB! 132A tti~m=~~*foS! 132B M1$1~]~j~) 0 PT~%JVG$"['-~~ttfoS! 132, 
Jt~i~$,f-~ ~fifoS! 132 1¥J~~'1""{fz:ri~$,f-*foS!:rf D 130 1¥J1§@6<J~,t-~, Jf Ji~~,t­
~ ~*foS! 132 1:cji~$,t-~ ~m 120 61xt@61~,t-~*foS!o 
[0041J oo 8 7J" ili Tf!z17i5~,t-~MP:1Yti, i~titutt rrm 122 1¥1 ~&t3Ufdt7'Ji~~% s1m=1r 
~m 124 61~&B1rJ§~L tE:i3:®tltt~~, tlffi!ftl:pli1~m 126 s"J~&[gj5EtE 150nm, 3t Ji:fL 13OA 
;flJ 13OE 61i*&7J\.JJIJ7'J 248Onm,l1J 78Onmo 00 8 7J"lli Txtr~%1¥1~=1r~m 124 61~& 
melfil£"17'7 275-63Onm, tEi:%B1:rf □ ~ 1¥Jt£ktLltt rrm 122 6113t¥f:1:~U~~~ ( /J,r 30nm, Wtitzo 
25-29nm) o ]!~l't{]~%61~=:fr ~m 124 611_tffl ~3&* § ~i*B1:rf □ s1t£ktLltt Jt~ 122 61 
:ri'-!GH3Uf.1¥Jj:~1Jo O ~rm,*§ ~~6"1:rf D 6113-\tE,~~t~/J,r* § ¥:%ft D l't{]tif4:t3-\tE ( 1Ytltzo, 13-\ 
tE1¥J~ffi/J,r 2Onm,1YtltzrJ/J,r 12-19nm) 0 J3:f:'f:,41ffi!ftl:pJi1~m 126 PT~~d>7'J 15Onm~,1Jtltzo 
15-25Onm J1¥: 0 m=:fr ~m 124 PT ~7'7 275-63Onm ~ 0 

[004sJ 00 9a ;flJ 96 7I"lli T xtr (a) m=~%m s"J~&A 600nm ~R.xtr (6) m=~%m 
1¥1~&7'1400nm, i~t£kt1Jtt itm 122 1¥1~&13-\tE1t7'7i~4]7§4iHlit~m 1261¥1~&1¥JrJ§~o tzoOO 
~ m7I", xtri:%:rf □, titLltt rrm 122 1¥1~&13-\n~m~tlffittPlit~m 126 1¥1~&~:/Jorm~/J, a 
Jlt!Jb, fr~** D ~ 6"Jt£ktLltt ±m 122 8"1~&13-\tExtffi!ftl:pJif~m 126 1¥1~&~~~0 
[0049J 00 10a-1oh 7I" l±\ T t!z17i5 :!H ~,t-~ MP:Wtl itLlm$ &'lit *foS! s"J :nit o 00 1Oa, 10c, 10e ;flJ 
10 g ¾ 7J" l±\ i~ 7J it ~ ~ 11, 1¥11Y!U f>[ ti tit 00 00 , rm 00 10 6 ' 10 d' 10 f ;flJ 10 h 5t :iJfJ ¾ 1:cj 00 10a' 10 C ' 

1 o e ;flJ 10 g 1§ xt@ B11JB f1,Ul tit 00 00 o 110Jz 1J1.tf 00 lOa-10 h 7I" l±\ 1¥1 ~ ii ~ mLl m 00 1 ;flJ 2 7I" l±\ 
1¥J~K~~o*~¾™,tEIZ::tt~~~K_t~m$~*Mo 
[0050J $tlit*fnS!!RJEx'E!,tir1gm7'J 5'j)J,OO~ 120 1¥1 $'i'"~ ~m O tEi~~~wu ~ 1¥1 $&'lit* 
ioS!!RJExiE'E1t!1fz:r*~ ~m 120 _t:ns1 ~t{g~m ( 1Ytltzo, m=1r~m 124) 0 i~$#litttttiR 
JExiEPT ~nttttt:t-m'E1t!1fz:r*~ ~m 120 :foi~ ~f{g~m 124 zJsJ 6"1t£ktrJtt rrm 122 0 tEJlt 
~MP:1Jtl ~, PT ~~ffiirtlffittPlit~m 126 :fo~ im 1r ~m 128 0 Jl~$,t-H □ 3o4A-3o4E 1¥Jffitl 
300 ( fytl tzo , ~ ffi rl, 1Jti tzo ~ {,t'., 111 , m 1t li , $ ire 111 ~ 1¥1 ~ m ~ w $ m ) 111 r i~ ~ i~ ~ m 124 
s"-1 _t 1J O ~$ ~ 302 ( 1Jti tzo, Jti~m t£k1fLl~w ~&:fo ~&PT~ rn ti,v ~w 1:k1,t'.,~$ 1¥1 Jt B:ri 
14) 1fz:ri~ffitl 300 61L7J o 

[0051] tEOO 1oa;f1J 106 ~7I"llil¥1~Fr~mH161~~Wtl~, ~il!~1fz:r1iU*B'Pfr 120 _t:ns1:/i 
AH1S:B"J:rf D 3O4A JU,ffz:r:®¥:%:rf D 3O4E _t:nl¥]:Ji/J,1[1S:l't{]:rf D 3O4e, 3f D 3O4A-3O4E 81 
1i1S:~Ml~/J, o 33:¾~:fLl s"J, IEl 7'Jim,utE~::;lc1i1S:61:rf □ ~ t:rtE~/J, 1[1S:B"J:rf □ ~:i£1f1~ 
]!·~o 33:t:'f:, PT ~5mtt1iffl ~ Pl1i1S:61:rf □, ~MP:xtri~ti,LlI Z::61 ~tJJo~itLl o 1z07I" l±\ s"J, 
$&'lit*foB!IRJEX'E!,1'51i "!'-flit 1200 ~rm' -tzo_tmi1i~B"J, ¥X~P~mLltE1Jti1zO$flit NAND ~Kl¥1$&'lit 
111it~~K ~ 6"1 flit~ § , 3t liJtPT ~ 'E!,115, Wtl -tzo 2 ~ 256 flit, 1Ytl tzo 4 ~ 128 ~, 1Yti -tzri 8 ~ 64 
flit, Wtl -tzo 16 ~ 32 &'lit o 
[0052J -tzoOO 10a ;fo 106 ?fr7I", i~:nit'E!,t!t£k,IJ~w$5t1:k1t~$m 302 ~Pi1i£JtJ1¥:&:fP 
~&, Mrm.J!tEi~ffim 300 ~1¥Jm~:rf D 3O4Aa JtB61:rf D 3O4B ~ 3O4E f~ffEB~& / 
~&Pi11£1¥1~$m 302 '11~0 -tzoOO 10c-10d?fr7I", PT~ti,u•!l-tEi~~~:rf □ 3O4A ~1¥1~ 
&'{g~;Mf4 124, ~%JVGtEi~~f{g~:;f-if4 124 ~ 1¥Jm~*foS!:rf D 13OA 61~$5f o ~J§, -tzoOO 
lOe ;flJ lOf ?fr7I", PT~t£k,Ll~w$5t!R{,t'.,~$m 302 ~pifi£Jt~&;f1J~&,J-Arm•J!tEi~ffi 
m 300 ~ 61m=H D 3O4Bo -tzo 00 10g ~ 10h ?fr7I", PT~ tm,u•J!tEi~m~:fom=H D 3O4A, 

12 

Micron Ex. 1002, p. 98 
Micron v. YMTC 
IPR2025-00117



CN 104396004 A 8/8]Jl 

304B i:=p ITT Et!£t'.'.~H:f4 124, t2JJ~JvGtE* Et!£t'.'.~t;t:¥4 124 i:=p l'l"J~=:t~fui3f □ 130B 1'11~$::n-:fP 
ift~Wfil1$:t~fui3f D 130Aa ~J§'PT ~ll~ ittitU:fP~$±!7I½J1ifU%JvGxtr&~,t.is'pfr 120 
B"JtEit Et!£t'.'.~t;j:fij. 124 ( izp~~ l±\, iElf ~ 122) i:=p ITT*fui3f D 130A-130Eo 1ftlizP, if PT ~ti 
ttl~**1,tit~1'~ 302 ~~/j'>jt~ft:fPi:ft, h'dm.atEit~tl 300 i:=p ITT~ - 3T D :H Ji 
titu•atEit~~:fp~=3f D 130A, 130B i:=p ITT E:g~fg~;f-;j;fij. 124 ITT~$:5t, ~%JvGtEit Et!£t'.'. 
t~;f-;j;fij.i:=p as~=*iui3f D 130A 1'11~~$:5t;fp~~:t~fui3f D 130A 1'11~= $% 0 it~~*M 
3T D 130A !:tit~=*M3f D 130B ~131L tE%JvGmlfB13T D 130A-130E ZJ§', PT~tEit3f 
D 130A-130E i:=p1JU~1!1UizP Cu,AL 't{i'JB1'2l~~*li1,l:.WITT~Et!;f-;j;f4,, ~%nx:&'i"-§'pfrB1* 
fui 132a *1Jt!PT~~:tt3£tftitU~$~ 3021ifU.atEit~;tli:=pl'l"Jmlfl'l"J$,t.3f □ 130A 
~ 130E, :H lititUiS'l'-*fui3f D l'l"Jt§@~'i'-~:tttE~tl 300 i:=p l'l"J&~'i'-3f D, JUJt;:itiS,t. 
~Et!~ 120a-120eo 
[0053J tE~,t.~JJmWLl i:=p, tEt§ ~ l'l"JtitUW l½J i:=p, PT~ 1J!::ffl t§ ~ ITTtitU1-t"¥=1m, ~ BttitUit 
Et!£t'.'.~t;j:f4 124 ;;¥Pit~$~ 302a fr5j~,t.~JJmWLl i:=p, tE~~astitUWlJi:=p, 1J!::ffl~~l'l"Jti 
trH,t"¥=1m, tittlit Et!£t'.'.~H;JE4 124 ;;¥Pit~$~ 302 o 
[0054 J ~~ITT!~ ~~t¥ JE 1'1"11Jt~ ITT~ JJm 1!1U itt1T T ti~, {B ¾@fJI!.fu~, * ':&. ~ :H ~ x r~ r 

~o*~~~mtt*A~PT~~03fITT~JJm~ittfi~#-a,:Hli~®•a~OO~tE*':&. 
~ BSffif:lfil pg o *X5 lffl ITTJifrlfITT l±lt&1m, ~;.tlJ $iJ:fP~;.tlJl'l"J~$ pg ~m:tt5 lffl :H A*Xo 

13 

Micron Ex. 1002, p. 99 
Micron v. YMTC 
IPR2025-00117



Ci\ 104396004 A 

0 
00 ... 
\ ><t 

I 

! 
I 
l 

Xi 

\ 
\ 

I ! 
' 

::: ffl r... en 

0 
IXJ 

" 

i5t 

-< 
"="' 
~ • 

T"I ('O m 
~ "' 

< 
"="' 
~ 

~ 

~~ =f:5 

a:i 

-=--
~ • 

' .a .0. ,... en 

o:i ftJ 
"'="' 8 ~ 

~ " \ 

ft. ~ 

14 

~11 ~ 

< 
C""-1 

< 
1"""'I 

1/lO]Jl 

I 
I 

T"I 

N 

Micron Ex. 1002, p. 100 
Micron v. YMTC 
IPR2025-00117



CN 104396004 A 2/lO]Jl 

15 

Micron Ex. 1002, p. 101 
Micron v. YMTC 
IPR2025-00117



CN 104396004 A 3/lO]Jl 

16 

Micron Ex. 1002, p. 102 
Micron v. YMTC 
IPR2025-00117



f-
-'

 
--

1 
m

 
(J

) 

12
0 

13
2E

 
l3

2C
 

13
28

 
13

2A
 

n z f-
-'

 
0 ~
 

w
 

'-C
J 

u
l 

0 0 ~
 

,
►
 ....,
, 
~
 

~
 * 3:

!. 
1

.4
,.

 

~
 

Micron Ex. 1002, p. 103 
Micron v. YMTC 
IPR2025-00117



r
-
' co
 

ill
 

-1
 

1
0

£
/ 

.. /
'
 
I 

70
3 

/ 

l2
0e

 
? 

1
/ 

70
1 • • 

12
82

.1 

70
.3

 

n z r
-
' 

0 ~
 

w
 

'-C
J 

u
l 

0 0 ~
 

►
 

I~
 

I~
 

1*
 

3:
!. 

1
.4

,.
 

~
 

Micron Ex. 1002, p. 104 
Micron v. YMTC 
IPR2025-00117



CN 104396004 A 6/lO]Jl 

s 

00 8 00 9a 

19 

Micron Ex. 1002, p. 105 
Micron v. YMTC 
IPR2025-00117



CN 104396004 A 7/lO]Jl 

20 

Micron Ex. 1002, p. 106 
Micron v. YMTC 
IPR2025-00117



~
 

f-
-'

 

00 
10

a 

1 

30
0 

30
48

 

n z f-
-'

 
0 ~
 

w
 

'-C
J 

u
l 

0 0 ~
 

►
 ....,
, 
~
 

~
 * 3:

!. 
1

.4
,.

 

~
 

co
 "' f--' 0 

Micron Ex. 1002, p. 107 
Micron v. YMTC 
IPR2025-00117



~
 

~
 

1 1.2
0 

1 

30
48

 

-1
24

 

1 

1 

--
--

1
2

.4
 

12
.2 

n z f-
-'

 
0 ~
 

w
 

'-C
J 

u
l 

0 0 ~
 

►
 ....,
, 
~
 

~
 * 3:

!. 
1

.4
,.

 

~
 

Micron Ex. 1002, p. 108 
Micron v. YMTC 
IPR2025-00117



CN 104396004 A 10/10 N 

6H 

23 

Micron Ex. 1002, p. 109 
Micron v. YMTC 
IPR2025-00117



PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220 
P2018TC570 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) 

I 
(Earliest) Priority Date (day/month/year) 

PCT/CN2018/101308 20 August 2018 31 August 2017 
Applicant 

Yangtze Memory Technologies Co., Ltd. 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according 
to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of_3_ sheets. 

D It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

[2J the international application in the language in which it was filed. 

D a translation of the international application into ______________ which is the language of a 
translation furnished for the purposes of international search (Rules 12.3(a) and 23.l(b)). 

b. D This international search report has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. D Certain claims were found unsearchable (see Box No. II). 

3. D Unity of invention is lacking (see Box No. III). 

4. With regard to the title, 

[2J the text is approved as submitted by the applicant. 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

[2J the text is approved as submitted by the applicant. 

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. N. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. ___2L 

[2J as suggested by the applicant. 

D as selected by this Authority, because the applicant failed to suggest a figure. 

D as selected by this Authority, because this figure better characte1izes the invention. 

b. D none of the figures is to be published with the abstract. 

Form PCT/ISA/210 (first sheet) (January 2015) 

Micron Ex. 1002, p. 110 
Micron v. YMTC 
IPR2025-00117



INTERNATIONAL SEARCH REPORT International application No. 

PCT/CN2018/101308 

A. CLASSIFICATION OF SUBJECT MATTER 

H0lL 27/11529(2017.0l)i; H0lL 27/11551(2017.0l)i 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

H0lL 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

CNPAT, WPI, EPODOC, CNKI, IEEE:step,conductive,layer,dielectric,etch-stop,barrier,insulating,nitride,opening 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

X US 2013313627 Al (LEE YAO-SHENG ET AL.) 28 November 2013 (2013-11-28) 1-20 
paragraphs[0024],[0029],[0039]-[0046] 

------------------------------ ------------------------------ --------------------------- -------------------------
A 

I 
US 9515086 B2 (YON GUKHYON ET AL.) 06 December 2016 (2016-12-06) 

I 
1-20 

the whole document 
------------------------------ ------------------------------ --------------------------- -------------------------

D Further documents are listed in the continuation of Box C. 0 See patent family annex. 

* Special categories of cited documents: "T" later document published after the international filing date or priority 

"A" document defining the general state of the art which is not considered 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

to be of particular relevance 
"X" document of particular relevance; the claimed invention cannot be 

"E" earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step 
filing date when the document is taken alone 

"L" document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be 
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is 
special reason ( as specified) combined with one or more other such documents, such combination 

"O" document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art 
means "&" document member of the same patent family 

"P" document published prior to the international filing date but later than 
the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

06 November 2018 21 November 2018 

Name and mailing address of the ISA/CN Authorized officer 

STATE INTELLECTUAL PROPERTY OFFICE OF THE 
P.R.CHINA 
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LI,Wenhao 
100088 
China 

Facsimile No. (86-10)62019451 Telephone No. 86-(10)-53961341 

Form PCT/ISA/210 (second sheet) (January 2015) 

Micron Ex. 1002, p. 111 
Micron v. YMTC 
IPR2025-00117



INTERNATIONAL SEARCH REPORT International application No. 
Information on patent family members 

PCT/CN2018/101308 

Patent document 

I 
Publication date 

I Patent family member(s) I 
Publication date 

cited in search report (day/month/year) (day/month/year) 

us 2013313627 Al 28 November 2013 CN 104396004 B 30 January 2018 

WO 2013176960 A3 20 February 2014 

KR 20150079495 A 08 July 2015 
------------- --- --------- ------------ --- --------- --------- --------- ----------------------

us 9515086 B2 06 December 2016 KR 20160049159 A 09 May 2016 
------------- --- --------- ------------ ·-- --------- --------- --------- ----------------------

Form PCT/ISA/210 (patent family annex) (January 2015) 

Micron Ex. 1002, p. 112 
Micron v. YMTC 
IPR2025-00117



PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 

To: 
100013 
China 10th Floor, Tower C, Beijing Global Trade 
Center, 36 North Third Ring Road East, Dongcheng 
District, Beijing 

NTD UNN A TION INTELLECTUAL PROPERTY 
AGENCY LTD. 

PCT 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

Date of mailing 
(day/month/year) 21 November 2018 

Applicant's or agent's file reference FOR FURTHER ACTION 
P2018TC570 See paragraph 2 below 

International application No. 

I 
International filing date ( day/month/year) 

I 
Priority date (day/month/year) 

PCT/CN2018/101308 20 August 2018 31 August 2017 
International Patent Classification (IPC) or both national classification and IPC 

H0lL 27/11529(2017.0l)i; H0lL 27/11551(2017.0l)i 

Applicant 
Yangtze Memory Technologies Co., Ltd. 

1. This opinion contains indications relating to the following items: 

Basis of the opinion 

Priority 

[Z] Box No. I 

D Box No. II 

□ Box No. III 

D BoxNo.IV 

[Z] Box No. V 

Non-establishment of opinion with regard to novelty. inventive step and industrial applicability 

Lack of unity of invention 
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a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later. 

For further options. see Form PCT/ISA/220. 

Name and mailing address of the ISA/ Date of completion of this opinion Authorized officer 

STATE INTELLECTUAL 16 November 2018 
PROPERTY OFFICE OF THE 
P.R.CHINA LI,Wenhao 
China 6, Xitucheng Rd., Jimen Bridge, 
Haidian District, Beijing 100088 

Facsimile No. (86-10) 62019451 Telephone No. 86-(10)-53961341 
Form PCT/ISA/237 (Cover sheet) (January 2015) 

Micron Ex. 1002, p. 113 
Micron v. YMTC 
IPR2025-00117



Box No. I 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

the international application in the language in which it was filed. 

International application No. 

PCT/CN2018/101308 

0 
□ a translation of the international application into ______________ which is the language of a translation 

furnished for the purposes of international search (Rules 12.3(a) and 23.l(b )). 

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 
this Authority under Rule 91 (Rule 43bis.l(a)). 

3. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been 
established on the basis of a sequence listing: 

a. D forming part of the international application as filed: 

D in the form of an .t\nnex C/ST.25 text file. 

D on paper or in the form of an image file. 

b. D furnished together with the international application under PCT Rule 13ter.l(a) for the purposes of international search 
only in the form of an Annex C/ST.25 text file. 

c. D furnished subsequent to the international filing date for the purposes of international search only: 

D in the form of an Annex C/ST.25 text file (Rule 13ter.l(a)). 

D on paper or in the form of an image file (Rule 13ter.l(b) and Administrative Instructions, Section 713). 

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additional copies is identical to that forming part of the application as 
filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 

PCT/CN2018/101308 

Box No. V 
Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1-20 YES 

Claims none NO 

Inventive step (IS) Claims none YES 

Claims 1-20 NO 

Industrial applicability (IA) Claims 1-20 YES 

Claims none NO 

2. Citations and explanations : 

[1] 01: US2013/0313627 Al.(28.11.2013) 

[2] I. Novelty and Inventive Step 

[3] 01 discloses a method of making multi-level contact used in multilevel NANO device and a structure 
of the multilevel NANO device (see paragraphs[0024],[0029],[0039]-[0046]), the control gate steps 
120(corresponding to a staircase structure comprising a plurality of steps, wherein each step comprises 
a conductive layer disposed over a dielectric layer) are covered with a stack of dielectric materials 
including: an etch stop layer 122(corresponding to an etch-stop layer disposed on the conductive layer of 
the each step), the second dielectric layer 124, the sacrificial barrier layer126, and the fourth dielectric layer 
128 described above(corresponding to an insulating layer disposed on the etch-stop layer). The etch stop 
layer 122, and the sacrificial barrier layer 126 are made of a nitride, such as silicon nitride(corresponding 
to the etch-stop layer comprises one or more of silicon nitride). Etched with an etchant that etches the 
material of the second dielectric layer 124 faster than the material of the etch stop layer 122(corresponding 
to performing an etching process on the insulating layer, wherein an etching rate of the insulating layer is 
higher than an etching rate of the etch-stop layer).Openings 130A-130E are etched from the top surface 
128a of the fourth dielectric layer 128 through the fourth dielectric layer 128, the contacts 132A-132E may 
be formed by depositing an electrically conducting material into the openings 130A-130E( corresponding 
to a plurality of conductive structures formed in the insulating layer, wherein each conductive structure 
is formed on the conductive layer of the each step).From Figl-Fig2, there must be an opening filled with 
contact which got through every layer, until the substrate l00(corresponding to the plurality of conductive 
structures extending through the etch-stop layer, the each conductive structure directly contacting a 
corresponding one of the conductive layer of the each step). 

[4] The difference between claims 1, 11 and 01 is: a barrier layer disposed between the conductive layer and 
the etch-stop layer. The technical problem to be solved is considered to be: how to protect conductive 
layer. But setting a dielectric layer to protect another layer is common knowledge in the art. The difference 
between claim 16 and 01 is: disposing a sacrificial layer over a dielectric layer and replacing the sacrificial 
layer of each step with a conductive layer. The technical problem to be solved is considered to be: how 
to forming the CG. But replacing the sacrificial layer of each step with a conductive layer is common 
knowledge in the art. 

[6] The additional features of claims 3,5-6,8 and 14,17,19 are disclosed by DI. 

[7] The additional features of claims 2,4,7,9-10 and 12-13,15,18,20 are common knowledge in the art. 

[9] Therefore claims 1-20 meet the criteria set out in PCT Article 33(2) but do not meet the criteria set out in 
PCT Article 33(3). 

[ 10] IL Industrial Applicability 

[11] The technical solution of claims 1-20 can be used in industry, and thus these claims are industrially 
applicable under PCT Article 33(4). 
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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DONALDJ.FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

June 27, 2019 

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

c;~,1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 1077 
Art Unit 2811 

Attn: Mail Stop Amendment 

Re: U.S. Utility Patent Application 
Application No. 16/126,947; Filing Date: September 10, 2018 
For: WORD LINE CONTACT STRUCTURE FOR THREE­

DIMENSIONAL MEMORY DEVICES AND FABRICATION 
METHODS THEREOF 

Inventors: ZHU et al. 
Our Ref: 4123.0480002 

Commissioner: 

Transmitted herewith for appropriate action are the following documents: 

1. Information Disclosure Statement; 

2. Form PTO/SB/08a (1 sheet) listing 5 documents (US1-US4 and FPl); 

3. Form PTO/SB/08b (1 sheet) listing 1 document (NPLl); and 

4. Copies of cited documents (FPl and NPLl). 

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

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

DJF/MY/jcb 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: ZHU et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: 16/126,947 

Filing Date: September 10, 2018 

Confirmation No.: 1077 

Art Unit: 2811 

Examiner: GURLEY, LYNNE ANN 

Atty. Docket: 4123.0480002 

Title: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

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

Commissioner: 

Information Disclosure Statement 

Mail Stop Amendment 

Listed on accompanying IDS Forms PTO/SB/08a equivalent and PTO/SB/08b equivalent 

are documents that may be considered material to the patentability of this application as defined in 

37 C.F.R. §1.56, and in compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 

and 1.98. 

Applicant has listed publication dates on the attached IDS Forms based on information 

presently available to the undersigned. However, the listed publication dates should not be 

construed as an admission that the information was actually published on the date indicated. 

Applicant reserves the right to establish the patentability of the claimed invention over any 

of the information provided herewith, and/or to prove that this information may not be prior art, 

and/or to prove that this information may not be enabling for the teachings purportedly offered. 
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This statement should not be construed as a representation that a search has been made, or 

that information more material to the examination of the present patent application does not exist. 

The Examiner is specifically requested not to rely solely on the material submitted herewith. 

Applicant has checked the appropriate boxes below. 

D 1. Statement under 37 C.F.R. l.704(d). Each item of information contained in this Information 

Disclosure Statement: (i) was first cited in any communication from a patent office in a 

counterpart1 foreign or international application or from the Office; and this communication 

was not received by any individual designated in Sec. 1.56( c) more than thirty days prior to 

the filing of this information disclosure statement; OR (ii) is a communication that was 

issued by a patent office in a counterpart foreign or international application or by the 

Office, and this communication was not received by any individual designated in Sec. 

1. 56( c) more than thirty days prior to the filing of the information disclosure statement. 

IZI 2. Filing under 37 C.F.R. § l.97(b). This Information Disclosure Statement is being filed 

within three months of the date of filing of a national application other than a continued 

prosecution application (CPA), OR within three months of the date of entry of the national 

stage as set forth in 3 7 C.F .R. § 1.491 in an international application, OR before the mailing 

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

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

Atty. Dkt. No. 4123.0480002 
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after the filing of a request for continued examination under 37 C.F.R. § 1.114. No statement 

or fee is required. 

D 3. Filing under 37 C.F.R. § l.97(c). This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date AND after the mailing date of the first Office 

Action on the merits, but before the mailing date of a Final Rejection, or Notice of 

Allowance, or an action that otherwise closes prosecution in the application. 

D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

D c. The required fee is provided through online credit card payment authorization in the 

amount of $240.00 in payment of the fee under 37 C.F.R. § l. l 7(p). 

D 4. Filing under 37 C.F.R. § l.97(d) This Information Disclosure Statement is being filed more 

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

Atty. Dkt. No. 4123.0480002 
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Notice of Allowance, but on or before payment of the Issue Fee. The required fee is 

provided through online credit card payment authorization in the amount of $240.00 in 

payment of the fee under 37 C.F.R. § l. l 7(p ); in addition: 

D a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § l.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

IZI 5. The patent family for one or more foreign language documents submitted herewith includes 

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

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

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

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

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

SB/08A form. For the purposes of a statement under 37 CFR l .97(e)(l), the United States or 

Atty. Dkt. No. 4123.0480002 
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other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 

D 6. The document(s) was/were cited in a search report by a foreign patent office in a counterpart 

foreign application. Submission of an English language version of the search report that 

indicates the degree of relevance found by the foreign office is provided in satisfaction of 

the requirement for a concise explanation ofrelevance. MPEP 609.04(a)(III). 

r8J 7. A concise explanation of the relevance of the non-English language document(s) appears 

below in accordance with 37 C.F.R. § l.98(a)(3). 

Document US3 (8,828,884 B2) is submitted herewith as the English-language counterpart of 

document FPl (CN 104396004 A). 

1:8'.18. Copies of documents FPl and NPLl are submitted. However, in accordance with 37 C.F.R. 

§ l.98(a)(2)(ii), no copies of the U.S. patents and patent application publications cited as 

documents US1-US4 on the attached IDS Form are submitted. 

D 9. Copies of the documents were cited by or submitted to the Office 
---------

in an IDS that complies with 37 C.F.R. § l.98(a)-(c) in Application No. ____ , filed 

_____ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

copies of these documents are not attached. 37 C.F.R. § l.98(d). 

D 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No(s). __________ in accordance with MPEP 2001.06(b), and 

indicate in the next communication from the office that the art cited in the earlier 

prosecution history has been reviewed in connection with the present application. 
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D 11. In accordance with the Federal Circuit decision in Dayco Prods., Inc. v. Total Containment, 

Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith Office Actions from the co-

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

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

be construed as a waiver of secrecy as to those applications now or upon issuance of the 

present application as a patent. The Examiner is respectfully requested to consider the cited 

applications and the art cited therein during examination. 

It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS 

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

been considered. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

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

Date: June 27, 2019 

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

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Equivalent of Form PTO/S8/08a (07-09) 

Substitute for form 1449/PTO Complete if Known 

FIRST SUPPLEMENTAL Application Number 16/126,947 

INFORMATION DISCLOSURE 
Filing Date September 10, 2018 
First Named Inventor Jifeng ZHU 

STATEMENT BY APPLICANT A11 Unit 2811 
( Use as many sheets as necessary) Examiner Name GURLEY, LYN~E AKN 

Sheet I i I of I i Attorney Docket Number 4123.0480002 

U.S. PATENT DOCUMENTS 
Document Number 

Pages, Columns, Lines, Where 
Examiner Cite Publication Date Name of Patentee or 
initials* 'lo. I Number-Kind Code 2 (if MM-DD-YYYY Applicant of Cited Document 

Relevant .Passages or Relevant .Figures 

known) Appear 

USl 2010/0013049 Al 01-21-2010 Tanaka et al. 

lJS2 2011 /01 69071 A 1 07-14-2011 lJenaka et al. 

US3 2013/0337646 Al 12-19-2013 Cemea et al. 

US4 2014/0284675 Al 09-25-2014 Watanabe 

FOREIGN PATENT DOCUMENTS 

Cite 
Foreign Patent Document Publication Pages, Columm, Lines, 

Examiner Name of Patentee or 
initials* No_! Country Code3-Number4- Date 

Applicant of Cited Document 
Where Relevant .Passages or T6 

Kind Code5 (if known) 
MM-DD-YYYY Relevant Figures Appear 

Examiner Signature Date Considered 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60'J. Draw line through citation if not in conformance 
and not considered. Include copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See 
Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent 
document. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant is to place a 
check mark here if English language Translation is attached. 
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Electronic Acknowledgement Receipt 

EFSID: 36503025 

Application Number: 16126947 

International Application Number: 

Confirmation Number: 1077 

Title of Invention: 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Named Inventor/Applicant Name: Jifeng ZHU 

Customer Number: 26111 

Filer: Donald J. Featherstone/Nina Angileri 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0480002 

Receipt Date: 05-JUL-2019 

Filing Date: 10-SEP-2018 

Time Stamp: 09:57:17 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

20674 

1 Miscellaneous Incoming Letter Cover_Letter.pdf no 1 
84213e11657e24c13Sf68266b5f291c832f8 

8920 

Warnings: 
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Information: 

28405 

2 Transmittal Letter Pleading.pdf no 6 
7cd969568bc5f0600611246ccfb2a485Sb4 

0026 

Warnings: 

Information: 

14495 

3 
Information Disclosure Statement (IDS) 

SB08a.pdf no 1 
Form (SB08) 

00c7a9abe5 9a 16ce 14a3 3 32 4 320af9d4063 
f4ee 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

Total Files Size (in bytes) 63574 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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DONALD J. FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

July 5, 2019 

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

t\) Sterne Kessler 
\...w·•: :. 

·:c. STERtH, KESSLER GOLDSTEIN & FOX 

Confirmation No. 1077 
Art Unit 2811 

Attn: Mail Stop Amendment 

Re: U.S. Utility Patent Application 
Application No. 16/126,947; Filing Date: September 10, 2018 
For: WORD LINE CONTACT STRUCTURE FOR THREE­

DIMENSIONAL MEMORY DEVICES AND FABRICATION 
METHODS THEREOF 

Inventors: ZHU et al. 
Our Ref: 4123.0480002 

Commissioner: 

Transmitted herewith for appropriate action are the following documents: 

1. First Supplemental Information Disclosure Statement; and 

2. Form PTO/SB/08a (1 sheet) listing 4 documents (US1-US4). 

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

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

DJF/M-Y/naa 
Enclosures 

13412960 __ 1.docx 

Respectfully submitted, 

STERNE, KESSLER, GOLDSTEIN & Fox p .L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: ZHU et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: 16/126,94 7 

Filing Date: September 10, 2018 

Confirmation No.: 1077 

Art Unit: 2811 

Examiner: GURLEY, LYNNE ANN 

Atty. Docket: 4123.0480002 

Title: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Supplemental Information Disclosure Statement 

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

Commissioner: 

Mail Stop Amendment 

Listed on accompanying IDS Form PTO/SB/08a equivalent are documents that may be 

considered material to the patentability of this application as defined in 37 C.F.R. § 1.56, and in 

compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 and 1.98. 

Applicant has listed publication dates on the attached IDS Fom1 based on information 

presently available to the undersigned. However, the listed publication dates should not be 

construed as an admission that the information was actually published on the date indicated. 

Applicant reserves the right to establish the patentability of the claimed invention over any 

of the information provided herewith, and/or to prove that this information may not be prior art, 

and/or to prove that this information may not be enabling for the teachings purportedly offered. 

This statement should not be construed as a representation that a search has been made, or 

that information more material to the examination of the present patent application does not exist. 

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

D 1. Statement under 37 C.F.R. 1.704(d). Each item of information contained in this Tnformation 

Disclosure Statement: (i) was first cited in any communication from a patent office in a 

counterpart 1 foreign or international application or from the Office; and this communication 

was not received by any individual designated in Sec. 1.56(c) more than thirty days prior to 

the filing of this information disclosure statement; OR (ii) is a communication that was 

issued by a patent office in a counterpart foreign or international application or by the 

Office, and this communication was not received by any individual designated in Sec. 

1.56(c) more than thirty days prior to the filing of the information disclosure statement. 

[Z] 2. Filing under 37 C.F.R. § 1.97(b). This Information Disclosure Statement is being filed 

within three months of the date of filing of a national application other than a continued 

prosecution application (CPA), OR within three months of the date of entry of the national 

stage as set forth in 37 C.F.R. § 1.491 in an international application, OR before the mailing 

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

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

or fee is required. 

D 3. Filing under 37 C.F.R. § 1.97(c). This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date AND after the mailing date of the first Office 

1 The term counterpaii foreign patent application means that a claim for priority has been made in 
either the U.S. application or a foreign application based on the other, or that the disclosures of the 
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the 
European Patent Office claiming the same U.K. priority as claimed in the U.S. application). 
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Action on the merits, hut hefore the mailing date of a Final Rejection, or Notice of 

Allowance, or an action that otherwise closes prosecution in the application. 

D a. Statement under 37 C.F.R. § 1.97(e)(1 ). T herehy state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(l). 

Db. Statement under 37 C.F.R. § 1.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

D c. The required fee is provided through online credit card payment authorization in the 

amount of $0.00 in payment of the fee under 37 C.F.R. § 1.17(p). 

D 4. Filing under 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being filed more 

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

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

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

payment of the fee under 37 C.F.R. § 1.17(p); in addition: 
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D a. Statement under 37 C.F.R. § 1.97(e)(1 ). T herehy state that each item of information 

contained in this Tnformation Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

D 5. The patent family for one or more foreign language documents submitted herewith includes 

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

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

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

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

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

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

other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 
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D 6. The document(s) was/were cited in a search report hy a foreign patent office in a counterpart 

foreign application. Suhmission of an English language version of the search report that 

indicates the degree of relevance found hy the foreign office is provided in satisfaction of 

the requirement for a concise explanation ofrelevance. MPEP 609.04(a)(III). 

D 7. A concise explanation of the relevance of the non-English language document(s) appears 

below in accordance with 37 C.F.R. § l.98(a)(3). 

ISi 8. In accordance with 37 C.F.R. § l.98(a)(2)(ii), no copies of the U.S. patent application 

publications cited as documents US1-US4 on the attached IDS Form are submitted. 

D 9. Copies of the __________ documents were cited by or submitted to the Office 

in an IDS that complies with 37 C.F.R. § l.98(a)-(c) in Application No. ____ , filed 

______ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

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

D 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No(s). __________ in accordance with MPEP 2001.06(b), and 

indicate in the next communication from the office that the art cited in the earlier 

prosecution history has been reviewed in connection with the present application. 

D 11. In accordance with the Federal Circuit decision in Dayco Prods., Inc. v. Total Containment, 

Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith Office Actions from the co-

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

documents ____ to ____ _ The identification of these Office Actions is not to 

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

applications and the art cited therein during examination. 

Tt is respectfully requested that the Examiner initial and return a copy of the enclosed TDS 

Fom1, and indicate in the official file wrapper of this patent application that the documents have 

been considered. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

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

Date: July 5, 2019 

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

13412936_1.docx 

Respectfully submitted, 

STERNE, KESSLER, GOLDSTEIN & Fox p .L.L.C. 

/Donald J. Featherstone/ 

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

Atty. Dkt. No. 4123.0480002 
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Attorney Docket Number 4123.0480002 
Application Data Sheet 37 CFR 1.76 

Application Number 16/126 947 

T·11 fl 1· I WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES 
1 e o nven wn AND FABRICATION METHODS THEREOF 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the bibliographic 
data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the document may be 
printed and included in a paper filed application. 

In ormation: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
constitutes the claim for priority as required by 35 U.S.C. l 19(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 to automatically attempt 
retrieval pursuant to 37 CFR l.55(i)(l) and (2). Under the PDX program, applicant bears the ultimate responsibility for ensuring that a copy of 
the foreign application is received by the Office from the participating foreign intellectual property office, or a certified copy of the foreign 
priority application is filed, within the time period specified in 37 CFR l.55(g)(l). 

A lication Number Count Filin Date (YYYY-MM-DD) Access Code (if a licable) 

201710774754.6 CN 2017-08-31 

Sif!nature: 

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

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

See 37 CFR l.4(d) forthe manner of making signatures and certifications. 

Signature /Donald J. Featherstone/ Date (YYYY-MM-DD) 2019-08-07 

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

13546378 l.docx 
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EFSID: 36806994 
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International Application Number: 

Confirmation Number: 1077 

Title of Invention: 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Named Inventor/Applicant Name: Jifeng ZHU 

Customer Number: 26111 

Filer: Donald J. Featherstone/Kim Perry 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0480002 

Receipt Date: 07-AUG-2019 
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This is not an USPTO supplied ADS fillable form 

Total Files Size (in bytes)~ 105831 

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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

16/126,947 09/10/2018 

26111 7590 09/17/2019 

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

Jifeng ZHU 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

4123.0480002 

CONFIRMATION NO. 

1077 

EXAMINER 

GEYER. SCOTT B 

ART UNIT PAPER NUMBER 

2812 

NOTIFICATION DATE DELIVERY MODE 

09/17/2019 ELECTRONIC 

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

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

e-office@stemekessler.com 

PTOL-90A (Rev. 04/07) 
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Office Action Summary 

Application No. 
16/126,947 

Examiner 
Scott B Geyer 

Applicant(s) 
ZHU et al. 

Art Unit 
2812 

AIA (FITF) Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING -DATE OF THIS COMMUNICATION. 
Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on __ . 
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O This action is FINAL. 2b) 0 This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) 0 Claim(s) 1-20 is/are pending in the application. 

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

6) O Claim(s) __ is/are allowed. 

7) O Claim(s) __ is/are rejected. 

8) O Claim(s) __ is/are objected to. 

9) 0 Claim(s) 1-20 are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 Certified copies of the priority documents have been received. 

2.0 

3.0 

Certified copies of the priority documents have been received in Application No. __ . 

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

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

Attachment{s) 

1) O Notice of References Cited (PTO-892) 

2) O Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) O Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) O Other: __ . 

Part of Paper No./Mail Date 20190912 
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Application/Control Number: 16/126,947 
Art Unit: 2812 

DETAILED ACTION 

Election/Restrictions 

Page 2 

Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-15, drawn to a device, classified in H01L27/105+. 

II. Claims 16-20, drawn to a method, classified in H01 L 21 /768+. 

Inventions II and I are related as process of making and product made. The 

inventions are distinct if either or both of the following can be shown: (1) that the 

process as claimed can be used to make another and materially different product or (2) 

that the product as claimed can be made by another and materially different process 

(MPEP § 806.05(f)). In the instant case, the product as claimed can be made by 

another and materially different process, since the product requires a barrier layer 

whereas the process claims do not. 

Restriction for examination purposes as indicated is proper because all the 

inventions listed in this action are independent or distinct for the reasons given above 

and there would be a serious search and/or examination burden if restriction were not 

required because one or more of the following reasons apply: the inventions require a 

different field of search (e.g., searching different classes/subclasses or electronic 

resources, or employing different search strategies or search queries). 

Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a invention to be examined even though the requirement 
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Art Unit: 2812 

Page 3 

may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing 

the elected invention. 

The election of an invention may be made with or without traverse. To reserve a 

right to petition, the election must be made with traverse. If the reply does not distinctly 

and specifically point out supposed errors in the restriction requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the time 

of election in order to be considered timely. Failure to timely traverse the requirement 

will result in the loss of right to petition under 37 CFR 1 .144. If claims are added after 

the election, applicant must indicate which of these claims are readable upon the 

elected invention. 

Should applicant traverse on the ground that the inventions are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the inventions to be obvious variants or clearly admit on the record that this is 

the case. In either instance, if the examiner finds one of the inventions unpatentable 

over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C. 

103 or pre-AIA 35 U.S.C. 103(a) of the other invention. 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Scott B. Geyer (telephone: 571-272-1958). The 

examiner can normally be reached on Monday to Friday, 1 OAM - 4PM. Examiner 

interviews are available via telephone, in-person, and video conferencing using a 
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Art Unit: 2812 

Page 4 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at: 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Charles D Garber (telephone: 571-272-2194). The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published 

applications may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. 

Should you have questions on access to the Private PAIR system, contact the 

Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like 

assistance from a USPTO Customer Service Representative or access to the 

automated information system, call 800-786-9199 (in U.S.A. or Canada) or 571-272-

1000. 

/SCOTT B GEYER/ 
Primary Examiner, Art Unit 2812 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: ZHU et al. 

Applicant: Yangtze Memory Technologies 

Co., Ltd. 

Confirmation No.: 1077 

Art Unit: 2812 

Application No.: 16/126,947 Examiner: GEYER, SCOTT B 

Filing Date: September 10, 2018 Atty. Docket: 4123.0480002 

Title: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL 
MEMORY DEVICES AND FABRICATION METHODS THEREOF 

Commissioner for Patents 
PO Box 1450 

Reply to Restriction Requirement 

Alexandria, VA 22313-1450 

Commissioner: 

In reply to the office action dated September 17, 2019, requesting an election of one 

group of claims to prosecute in the above-referenced patent application, Applicant hereby 

elects to prosecute Group I, represented by claims 1-15, drawn to a device, classified in 

HOl L27/105+. This election is made without prejudice to or disclaimer of the other claims or 

embodiments disclosed. This election is made without traverse. 

Reconsideration and withdrawal of the Restriction Requirement, and consideration 

and allowance of all pending claims, are respectfully requested. 

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 
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ZHU etal. 

Application No. 16/126,947 

are hereby petitioned under 37 C.F.R. § l.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. 

Date: September 24, 2019 

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

13871392_1.docx 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

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

Atty. Dkt. No. 4123.0480002 
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Information: 

Total Files Size (in bytes) 303858 

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 AQQlications 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 AQQlication 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 AQQlication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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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DONALDJ.FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

September 24, 2019 

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

c;~,1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 1077 
Art Unit 2812 

Re: U.S. Utility Patent Application 
Appl. No. 16/126,947; Filing Date: September 10, 2018 
For: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL 

MEMORY DEVICES AND FABRICATION METHODS THEREOF 
Inventors: ZHU et al. 
Our Ref: 4123.0480002 

Commissioner: 

Transmitted herewith for appropriate action is a document entitled Reply to Restriction 
Requirement, 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. 

DJF/M-Y/d-o 
Enclosure 

13871459 l.docx 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

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

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

e-office@stemekessler.com 
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Office Action Summary 

Application No. 
16/126,947 

Examiner 
Scott B Geyer 

Applicant(s) 
ZHU et al. 

Art Unit 
2812 

AIA (FITF) Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING -DATE OF THIS COMMUNICATION. 
Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )~ Responsive to communication(s) filed on 24 September 2019. 
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on . 

2a)O This action is FINAL. 2b) ~ This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

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

5a) Of the above claim(s) 16-20 is/are withdrawn from consideration. 

6) O Claim(s) __ is/are allowed. 

7) ~ Claim(s) 1-15 is/are rejected. 

8) O Claim(s) __ is/are objected to. 

9) O Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )~ The drawing(s) filed on 10 September 2018 is/are: a)~ accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)O All b)O Some** c)~ None of the: 

1.~ Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

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

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

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 20190627, 20190627, 20190705. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) O Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) O Other: __ . 

Part of Paper No./Mail Date 20191018 
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Election/Restrictions 

Page 2 

Applicant's election without traverse of Group I (claims 1-15) in the reply filed on 

September 24, 2019 is acknowledged. 

Priority 

Acknowledgment is made of applicant's claim for foreign priority based on an 

application filed in China on August 31, 2017. It is noted, however, that applicant has 

not filed a certified copy of the foreign priority application as required by 37 CFR 1 .55. 

Information Disclosure Statement 

The references cited within the IDS documents submitted on June 27, 2019 (two 

separate documents) and July 5, 2019 have been considered. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 
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A person shall be entitled to a patent unless -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, 
on sale or otherwise available to the public before the effective filing date of the claimed 
invention. 

Claims 1-6, 9, and 11-14 are rejected under 35 U.S.C. 102(a)(1) as being 

anticipated by Oh (US 2016/0358855 A 1 ). 

Page 3 

As to claim 1, Oh teaches a semiconductor structure in figure 2A. The structure 

of Oh i1as: 

a staircase structure comprising a plurality ot steps, wherein each step comprises 

a conductive !ayer (20) disposed over a dielectric !ayer (i 2); 

a barrier !ayer (i 4) disposed over a portion of the conductive layer of the each 

step; 

an etch~stop !ayer (i 5) disposed on the barrier layer; 

an insulating layer (i 6) disposed on the etch-stop layer: and 

a plurality of conductive structures (23) formed in the insulating !ayer, wherein 

eaci1 conductive structure is formed on the conductive !ayer of t11e each step, 

As to claims 2 and 3, Oh teaches t!1e plurality ot conductive structures extend 

through the barrier !ayer and the etch-stop !ayer (see figure 2A). 

As to claim 4, Oh teaches the barrier !ayer (i 4) comprises silicon oxide (see 

paragraph 0024). 

As to claim 5, Oh teaches the etc!1~stop layer (i 5) comprises silicon nitride (see 

paragraph 0025). 

As to claim 6, Oh teaches each conductive structure (23) directly contacts a 

corresponding one of the conductive !ayer of the each step (see figure 2A). 
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As to claim 9, Oh teaches the barrier !ayer (i 4) is formed on side and top 

surfaces of the plurality of steps (see figure 2A), 

As to claim 11, Oh teaches a semiconductor structure in figure 2A, T!1e 

structure of Oh has: 

Page 4 

a staircase structure cornprising a plurality of steps, wherein each step comprises 

a conductive !ayer (20) disposed over a dielectric !ayer ("12); 

an etch-stop !ayer (i 5) disposed over a portion of t!1e conductive !ayer (20) of the 

each step: 

an insulating layer (16) disposed on the etch-stop layer: and 

a plurality of conductive structures (23) formed in the insulating !ayer and 

extending through the etch~stop !ayer, wherein each conductive structure directly 

contacts the corresponding conductive !ayer of each step. 

As to claim 12, Oh teaches the etch-stop !ayer is forrned on a side surface and a 

top surface of each step (see figure 2A). 

As to claim 13, Oh teaches thicknesses of the etch-stop !ayer is the same on the 

side and top surraces of each step (see figure 2A). 

As to claim 14, Oh teaches the etch-stop !ayer (15) comprises silicon nitride (see 

paragraph 0025). 

I I 
Ii 

// 

// 
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Claims 1-9 and 11-14 are rejected under 35 U.S.C. 102(a)(1) as being 

anticipated by Matsuda (US 2016/0020169 A 1 ). 
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As to claim 1, Matsuda teaches a semiconductor structure in figure 28, Tile 

structure of Matsuda has: 

a staircase structure cornprising a plurality of steps, wherein each step comprises 

a conductive !ayer (16, e.g. 161) disposed over a dielectric !ayer (20, e.g. 200); 

a barrier !ayer (40) disposed over a portion ot the conductive layer of tile each 

step (see also figure 4B); 

an etch-stop !ayer (42) disposed on the barrier !ayer (see also figure 4B); 

an insulating layer (44) disposed on the etch-stop layer (see also figure 58); and 

a plurality of conductive structures (68, e,g, 68i) formed in the insulating !ayer, 

wherein each conductive structure is formed on the conductive !ayer of the each step. 

As to claims 2 and 3, Matsuda teaches the plurality or conductive structures 

extend through the barrier layer and the etch-stop layer (see figure 28), 

As to claim 4, Matsuda teaches t!1e barrier !ayer (40) comprises silicon oxide 

(see paragraph 0054). 

As to claim 5, Matsuda teac!1es the etch-stop layer (42) comprises silicon nitride 

(see paragraph 0054). 

As to claim 6, Matsuda teaches each conductive structure (68) directly contacts 

a corresponding one of the conductive !ayer of the each step (see figure 28). 
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As to claim 7, Matsuda teaches top surfaces or the plurality of conductive 

structures (68), Hie insulating !ayer (44), and a portion of the etch-stop !ayer (42) are 

coplanar (see figure 2B). 

As to claim 8, Matsuda teaches the plurality of conductive structures (68) 

comprise tungsten (see paragraph 0070). 

As to claim 9, Matsuda teac!1es the barrier !ayer (40) is formed on side and top 

surfaces of the plurality of steps (see figure 28), 

As to claim 11, Matsuda teaches a semiconductor structure in figure 28. The 

structure of tv'!atsuda has: 

a staircase structure comprising a plurality of steps, wherein each step comprises 

a conductive layer (i 6, e,g. 16i) disposed over a dielectric !ayer (20, e.g. 200); 

an etch-stop !ayer (42) disposed over a portion of the conductive !ayer of the 

each step: 

an insulating layer (44) disposed on Hie etc!1-stop layer; and 

a plurality of conductive structures (68, e.g. 681) formed in Hie insulating layer 

and extending through the etch-stop !ayer, vvherein each conductive structure directly 

contacts the corresponding conductive !ayer of each step. 

As to claim 12, Matsuda tead1es the etch-stop layer is formed on a side surface 

and a top surface of each step (see figure 28). 

As to claim 13, Matsuda teaches thicknesses of the etch-stop !ayer is the same 

on Hie side and top surfaces of each step (see figure 2B). 

Micron Ex. 1002, p. 155 
Micron v. YMTC 
IPR2025-00117



Application/Control Number: 16/126,947 
Art Unit: 2812 

Page 7 

As to claim 14, Matsuda teaches the etch-stop layer (42) cornprises silicon 

nitride (see paragrapi1 0054). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all 

obviousness rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 
been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

Claims 10 and 15 rejected under 35 U.S.C. 103 as being unpatentable over 

Matsuda as applied to claims 1 and 11 above (respectively), and further in view of 

Examiner's Official Notice. 

As to claims 10 and 15, Matsuda teaches an etch-stop layer comprising silicon 

nitride and deposited by CVD (see paragraph 0054). Matsuda does not specifically 

teach the thickness of the etch-stop layer being in a range between 10nm to 1000nm. 

However, the examiner takes official notice that a silicon nitride etch-stop layer 

having a thickness in the range of 10-1000 nm is notoriously well known in the art of 

semiconductor technology. Furthermore, the range recited in claims 10 and 15 lacks 

criticality, as evidenced by the range being two orders of magnitude, and as also 

supported by applicant's own lengthy disclosure within paragraph (0056). 
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Therefore, it would have been obvious to a person of ordinary skill in the art, 

before the filing date of the invention, to modify the structure of Matsuda with an etch­

stop layer having a thickness concordant with practices recognized and notoriously well 

known in the art of semiconductor manufacturing. 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Scott B. Geyer (telephone: 571-272-1958). The 

examiner can normally be reached on Monday to Friday, 1 0AM - 4PM. Examiner 

interviews are available via telephone, in-person, and video conferencing using a 

USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at: 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Charles D Garber (telephone: 571-272-2194). The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published 

applications may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through Private PAIR only. 
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For more information about the PAIR system, see http://pair-direct.uspto.gov. 

Should you have questions on access to the Private PAIR system, contact the 

Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like 

assistance from a USPTO Customer Service Representative or access to the 

automated information system, call 800-786-9199 (in U.S.A. or Canada) or 571-272-

1000. 

/SCOTT B GEYER/ 
Primary Examiner, Art Unit 2812 
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cooo2J 7'J r i;y:~Zf fi#ti'Htf: sf.J 1f uL \111 JY- c ~11z 3&n ruJf l3Z ~ 1J\ =it~]'[ sf.J Zf fi#~l'j'L 5t 
Bf.JR-tsf.J1Jito ~J!l:~ =it (2D) :ff:1It~1tBf.J:ff:1ic/f~J$.JGR-tlY~ifi'I~, 1ii:f %;,tp')(;frFftft~ 1w: 
~t~j:.:, ~~ T xili ~tAif $ 4:! f l'j'L5f; (YILC) ~fl o 7-J T £~~ 2D Zf{it'6~14110 r~ffiU, ~J'f- B~£ 
u}f 1z T J!..W----:: t'/1: (3D) M ,j;2g Bf.J Zf {i1~14, im ;ct~~Zf {i:1'1 ~l'j'L JG----:: £1H-fu ~ lUE H msz _t *m ~ 
~IJX;f,<;}:j[o 

[0003] ~;'f. § #if ~f~,m,ffl 8½ 3D Zf 1i1~{!:j:§'i1f t,1;) ~* r~tifl'j'L 5f;p$ylj s11ttf (TCAT) o ffil.{tt-fu, 
pJ~ l§f;ttEHms_tmfR$Jzf~t.zfmt1;J ( {YtlYP~{tttotP~1Mm;2:ifRf.J$t- ONO mt1;l) ;iffl_;u * [P_) :f'F-tt asJ1J ti___L z::xtH Jit_t% m '3".mmt1;JJ,Jtirm% fi\G1B-~ #fit~¥ x *~ (wL) fil 1$1r 
liiJ Jt ,,fu, ~H rH lt£?Z 00 sf.J ~Tr1:JiiiJffi. IL ( PT11r~H lt£?Z 00 p£1'f Jl_::ij ~JE:cttUt!i!) ;tt$1:Jiii 
m~~mm$Ali~~M%~~*~m;m~n:1J[P]~~$t.zf~t.zf~~%~11t~#msBJ.J 
11;J it, ff: rH 'EL~ iEtt*1tJm JeJ ~ sf.J $ m ~m ; tt x1 ~m ~ ;t~ 11) m z rn1 sf.JJU ti½l;tf t:t. ½l;tf tiJ 
tt½l;ffIB~~BJ.J~tt~ffl~~~•m~BJ.Jffi=~~MM,iEtt*~~JeJ~mrm[P]Jt~BJ.J 
ffi ~~MM~fi\G~~~~~;fr~ii~~~~~~oomm~~k*~MM~D~*M£ 
~R~~MMBf.Jff~~E§.m~fi\GBf.Jff~*~;~~~mM~~AA-~*M*~fi¾~~~m 
I z:: 0 Af:K1, ~m mitrtrtr~11;J m 1~,J~ m T ss ~$ * ~~ % fi\G T II E§.t-lzz rsJ BJ.J ~i% ~ m, rm m 
T8½8ti*~~W:iE~'i"ri% ~~Ll'§JfF7-Jt~;J;U~ti □ ':1§ [P)ll~ht!f1JU ~llia-t, 8ti8{jjjJ~~ 
¼~~m~~$AliMM~tt~~moom_t~@%~~-~.~Af:~~$T**~~~Zf 
¥ 5f;t,1;Jfi\Gof.JI' J ~$37Urmi2Jl?Jf #fit □f.JJZ'~;[,/(~o Jt~, J,j T~~ ¥ 5cl>Z%TC+1*~ MOSFET 1~% 
5 I ili , tt tt *¥1:J iii TOO$ tJUR Jl'rtE ~ EfB li t3 H % f&;)i IR, * % f&-½ ii lR ~J!Jt: ss ~ !i lt: t.c!! ~ 
~:l±!:~ffeE§.:lit1t~_t:1Jsf.Jfa~ (bit-line, BL) 0 Af:Yr, tE$T*11rH*11gmzr~t1ms ~% 
fi\Gffi~~~~~~~tisf.J~ffi-lRoiEJ'j'L~~ii*~r.E§.~M~ffi~!R~[P)JeJ~Bf.J~H 
$1g m IR , Jt iE t~ fbLl 8 tR ( l::cj '¥ ~ WL TB~ ) 1IBi t)Q sf.J t~ fbLl ~ EE 1'1=: ffl T [P) l·.'~f :ctiji Ff $'1;) .l!'! q:i ~@ 
~f&~$~-~IR,Mrl~~~$~~1Rrmill -W~~_th~~~o 

cooo4J ~ TcAT ~14M~ffil.W1*m~i c ey:~~muat-2zPJ l:J, 11~~@•1ffifil!R l:J,&1-'¥-D*lz~ 
E§.YJ,~1.t, Eit~Jt~P* ) , ~Jill~ ( E1t~:1Jf!:im:c1J$1li1J~JiMltW.ffi1JJJJ ill§~JJ, rmiff,! fJ rsf* 
ffl~m) ~ii~1:!t,~o {Q~:!H~ .hOO, EBr~iTTm$1iJ~tlA1*tF (USG,1fr:r:ff:1ittA1*tF 
l'j'L~ * _t:1J ) Z5r, Jt~lt*-&l::cj'¥~ (WL) ~titf~¾ilitrltUt:kfLit!:1f ~~tiiti, * 1L~Zffl Fn 
II ___L z:;j1Jti ~ pi~Dtlz% mlltlz3f Q HmfR~!iff tlz' ~1~ tlz 1*d* E bl:: (Al{ Wtl :ilPim ¥AT 
40: 1 J1J~ 100: 1) B"1i*tt:t:l!JL~Rfft:Jx3f Q ~t: ctJ rm5tR~ ~1'~jrffi 111".fi]'f;ffl'tl-:t::, Jll:rm it 
1~ TcAT sJ.JZffittl'j'L ~¥ Nxtt:W,t:J[:l±!:~zv~1J\ 0 rRJ a1, t*tiss~UtitPi*fLrgms1.Jf<Utit~~x1 
$ m JtHJJ.J tu ti, I z:: .~.Ji¥&: q~ i@J • 1jfHuo r*t-t sf.J m* ~:ff 111~f<,J ti sf.JI z:: ili ~~ M ~1t D 
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[0005] 1=j 'J'CA'J' :Ji:f:xtmsf.J, ~~;f~';lt J=§ Bf.JfH=HettJWLl:tzri¾*ffl1~filt~PTmi~ (Bi CS) Bf.J 
MND ffi tiJ, 3ffiJi~t Zf fif B1$L :n; - t'!Hih,,ft-j :i: tH't ~ Z _t*1£ ~~AA~ CT, lt q:i ytJ mFz: ¥ 11['1£ 

1'1 tEHfflS_t, ~JJH1z1}/'Jr ~B"J:izH'¥fJJJJtlz, q:i ~B"JNtutJJJJtlzLl&_t~ s"J:izH'¥fJJJHlz-11M}, ii:tt 
~~illll<flH~f %:5r;ffifr - tll$ Et!;t& q:i Ll~+1i %z i'RJ o"J ,'f, 1)C O Jlf*:1:-tl!, rfftrlr ff o"JB14fFl f'F 
:iz'fJ:'/:J~dt"Er-$1Jki£1J lt I f!j[[tt):AB"J¥1! MOSFET, fft:&1r }ryj:g:;lg,m,i,ms"J_r'p.g i£'J k ;f,,H4 ; 
q:i ~ s11i1tt:m 11i=:zr11t1¥L:n;$, Dk&/El'J lt I J~~H~1J\, D1&1r Bi~ /'J~i'!1 ~,Zf1tt~, ~llf'J~ 
B"J±l~~ttJ O £-r Bi CS B"J NAND ~t2:J{t;'H4s"JJt f*tLlm Tz::~B!z1'11~' fri8°f'J fflS_t1)l;;f}~r g 
:izt;frff Et!tlzg, ~Ut£kr g:lzifHBJt ft!tJitg%fi½-i'lit:H mss"JJLffl ~JjJifRrtJmg B"Jrtm:5r ~j & r 
gff ~t:IHtJ 5 I tBM§iu1!, iE_tJi1J'Uflf~;tUfft:&g, tLlt£kf22;tiJfft:&g JTfnx.1l /'JH1itB1¥Lx!R:tJJG 
R"J q:i fsHtJil!IR ~l& q:i gNmiJlt Et!tRR"J '5 I tBtifei, ,uti,%rnNmiJlttlz, tt:Jffi '=¥~, ,ffz:~:M:5r~ 
~ i~~ ,}Bf4:5r \ifl);J,J % ,t f5Z ~, ;trz_t 1JURLg Htrf 8 fhZ:3f ,u t£k, ~JUR % AA _t $11;Jm Ll & 
_t!z: 5 I tiffi;;iu9!, ZJ§*ffl J§~I !:3'GAAB{4B"J ~lji;_ko ft Bi CS ffitiJ q:i, ~i T ~_t1J s(JJ$;tf Efs 
ft~ USG Z>'r' r7JB"JJi)r1f ~JJJ ~tlzt~PT Ll¾-'ftffi.tft, ,f§xt-r TCAT rm El pJ ~:i!l!JGf*iiJtl!r ,i*-fL 
~M~~.ff~-rm~#MB*~oiE~#~z:::tt~q:i,~/'J~-~~ttWS&iE-rm-rq:i 
fs]gfF{itBiiJil!!Rlrl5 I tBttfo!l!B"JfttLl, ~1!1t~JE T~~--Bf'ts"J~AAlt Ll&{iief %m:=t1}t~~ 
1J o ~rm, Bi cs ffi ttJ !tl ~ itli:cl Zf 1it 14 YiJ 1=i i&-Jl s1 W ~Jit ~tJ!t~ rm :5r 11iJ tU J=l:j N tLltBJt k& I~ u'L 
:3f~ii:tt:5r~~~$f&~JGT:i1A~~~ITT~ti~~8f&HDB"J~~TZ::,ili~n~m:tt 
% rstUJ ~B"JfBfrtlzi5'Hf~fe!Hlzr[ll}Jrffi ~}lit (GIDL) itt::/f~~*' xi!it!:1f{1'~~*' if'§§½{ffx:ft£ 0 

~~J:li1'.I~ 
[0006] EB _tJyr~, 7J'( £)( Sf! B"J B B"J ft T Rfl~_t~:ji;f: ffi xlL ~# flt Llwf~AA* ~:FJ)l:~ftl!I! Tf. 
~ ff H {litl~~~D:r2iut':t f?~ s"JJJr_rul - tifF1ifBffit~J s"J iiJi;_k1J}! o 

[0007] /'JJlt, ;zjs:Jx: ~~1Ju1i~{A [ ~,f,41- M!:Zf1it@tiJm1Jit, 'P115W!Jl : tEH!B.SL%Mffi 
~ M *4 ff 1=j % = M tt m of.J Jf ~ ffi ttJ ; ,,Jt£kJf ~ ffi ttJ ff: Wi H Jct' % AA¥ l,1J"J % 1"'% ~ H:fL ; 
fr~,}ffi~H:fLq=ilf0AAJJ'tJEg ;{E~,}ffi~H:fLJaJ!E, tLlt£k±l~ffit2:Jff:tBH~, %AA¥£LB"J 
$~ffi=H~:iE~~ffi=H~q:i%~¥ns"J~m~~~~:JLt~tt~~*~~1E~,m 
ffiff:tBffl-H~:~~~~$*~~~~~~ffl=Mtt~,ffir~ffl:iE~fflq:i%AA8f& 
±l~ffittJ ;1"[~,tffi~H:fLJB.StmB"JftfflSl:.lU I Bx:'11%fi½~1Jlt&o 
[ooosJ lt+, ffi~;f,Jf,4g,ffi~Ml4 g,:t~JEg-w 2-i'sJ~if·Z- g ~IR]8':JtiJt£kJ!tl't':L 
cooogJ ltq:i, ~~MHm, ~=i-Jl:tg ,JJ!j,JEgtJf3tm; § ft1tli, ~1tli, 3Rft1tli, ~~ rs 
li, ~~s1ffi, DLC ~~fslwts"Jff~~;f~ &lttll-B-o 
[0010J ltq:i, ffi~HJLsf.JR-t-:krPX:~rffi__:_HJLs"JR-t o 
coo1 n ltq:i, 11;;m:~/'Jq'!'Li'1'1t5tig~fts"Jq:i~ti11t2:J 0 

[0012] Jt q:i' %fi½~~i'22 Z.J§°ift~W1'11§' fr'cy~% ~HJL fmHi% fi½t~~m' {Etig~ffiITTLl 
~Ll&~,tffi-HR~$%nx.~M~~IRB"J~Mgo 
[0013] ltq:i' %JJX:~~!l!~z.rit~wz.J§ill W1'115, N1ffLliJC5tflIZ::~W:~w[_rlj~lj{fy~~ 
tims"Jffiffi*-rfft&±l~M~~ffi~B"JfflSffi,ff~*ffl~~~~~" 
[0014J Jtrr, %fi½~fo!l!gz.JBit!:~;J:b{,JJ;g, ~Ut£k~~itm:5J'ffi~tJ'f4g,ff tR±l~ffittJ%fi½ 
ffi-H~,iEffi-H~+m~~~M~mAA1=ifft&~~~~~ffig2_~~~~~~!Ro 
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coo15J Jtrr, MfflZf>r% ~t~~rx:zJCill-W{,J,=tt, :rr~14 _tm!JlGg r'sJ * Jffeg, *'lt_cag r'sJ 1rJgt 
Fz: JT0 !JlG ffl IJ] 3f JLJ~L~Jt t±:1 ffl !H!l!Fz: , tJ 1E ~ ~ JT0 nltt-Ullt ~ 13 I ~ o 
[0016J Jtq:i, %fflZ~~,~~tlfH!l!~zJ§itt-%{,J,=ti5, tE~f+ _t%.nlGffl=~ i'sJft mt~, ~Utiffl 
=m~1tmt~%fflZ~EHRA~~-~m!R,~1E~~%fflZ~~*ti" 
[0017] Jt q:i' *Llt_ck%nlGffl-3fJLz rir Jtt-;_p,g:j:5' tEr$37Ll !RnixfsJ II B<J '¥~lUtfH:I! !Rnix*Llt_ck 
W z. J,--)_. l;f,--,W, hi, L,, IV'- J± }~, H '='='ici./.'-1f'i . L H,:f F' 'l'r-t"i'r ~ L l'!c:I F' 6ft '·'" ftf/ 
;-µ: 'fl: !cj::j ,rt..;/ 11 JJ)(. l=I r'J I ' (ti. 0($ ~ '-'r I ;,J J Y.J !f.-'f!~ /f'l-1 :,i J -11/.J i'"f!~ 1--l 'J )ljjjj niJ 0 

[001 sJ ;;t;i. lljJ :1t} -1JTTff t1t1~ T -;f~---: Mi:Z¥1i1MitLlm1Jit, {,], =t~W 11 : tEH ms_t:rfJ fflZ~ -
M *21-g --1:=j ffl =M fij. g B<J :It 4Hs ttJ ; ~Ll t_ca:/t 4Hs :ttJ $& t±:1 t<t ms, irij H1 % fflZ * 1"f. B<J §H'-ffl - 3f JL 
Ll&tE&1'-ffl-HRm~~$1'-ffl~3fR:tE&1'-ffl-3fR~%fflZ~fEg:tE&1'-ffl~3f 
R"P~~4g~~mm~-~;~fftt~~¾~~1Em,~ffiRt±:lffi-HR;OO~~~$ 
*~#~~¾~ffl=fi~g,ffir~~;:tr~~rrm!JlGB~:it~m~;:tr&1'-ffl-HR~ 
tm s<J H ms _t t ri ; -'"x: q:i JT0 nlt:t-Ullt t:lz o 
[001 gJ ;;$:1st 13):j X -1Ju1ft11A f -;t,~ ~ tt7¥1ii~, {,J,:j:15 :tEl~ ms_t½M1};:ffiss $1'-~~,~tft 
SI~. --1:=jHJrt q:i,fp / ~ 1--.o<J~iJJH&*fil!I! :tE'&1'-~~t1B I ~fir) ffi¥A-=fHJd:,*;:ffio<J~1--1~ 
mm,&1'-~mgffi$A~•~:tE&,t~mgoo~_tITT~1'-ffl~~~gLl&tE&1'-ffl~ 
F>fri ~ Fz': z rsJ s<J $,tB tfJit~m ttJ 0 

[0020] {ilffi;;t Ji. lljJ s<J---: tfi:Z¥1i1M itLlm1Jit' i~ TCAT ---: ti M14 i'rs '¥t~~it1Hj:1/;J r3!HL:~Ll 
t_ca*'1GfflZi'B irij ITTJiJflt, =tJ.i!: ~~ffl<:~ It, oo 1-t:it-t,m:ttJ B<J ~Llt_ckI 1::, 1~ 00 T ~Ji8:fs3:ftH1flt o 

1311 ~ i5t ~}l 

c 002 n ~ r ~ Jra ll1t l!I * i:¥: ~ -m l3Jl * £)( l3Jl i'rs ttf: 1J ~ , Jt rr : 
[0022] [!I 1 ~ l3fl 10 ~film :zl:R ~A s<J ~ ti+~1:t7¥1if~14 iu~15¥:t:B"l1'5-1'--7V ¥~BS tfH!,[ l3fl 
;f P / ~ ]y[ f~ l3fl o 

~ 1t ~ M!i /J ~ 
coo23J ~ r ~ im ll1t ~*ts B-~~'ti s<J ~ WI 1fu * i.+ WI i5l ~ 4( £)( ~ 1Joi~1J ~ s<J tif fil & Jt H 
~~*,03fT~Ll~~fflZ:;$:~~*ti~~*H~~~~$:ts3:~tl~ITTffi~---:~ZfMMM 
~ITT~~1J~. ~~ffit±:IITT~,~MITTmOO~fil*~~MITTm~,;;$:$~~mmITT*ffi"ffl 
- "," m ~. "/' _t", "r "~~PTm -=tf1iH1P.frtrr~14tM~~ ;tu:i1i:Iff: 0 ~ ®1ttmF>i ~~:tifJJrJ i5l RA 

*~FBif?fm1tt1fi%i's:14m:ri;J~ftLlmiff:A<J:f'.i'sJ ,1)(ff~mt.&*~" 
coo24J -trnOO 1 !1Jf~,ftHJt£ 1 _t/::tt#%fflZffl-MlJ.g 2A --1:=jffl=MlJ.m 2e s<J:it~m:ttJ 2o 
tt ft% 1 M JwpJ ~ TL=ttf:tli (bulk Si) , 1:tffi (bulkGe) , tfimz{;t_t li (SOI) , ffimzfi_t ffi (GeOI) 
ElX~¾Jt{wJt~tM-'¥~1:tHms, {fu!,lP Si Ge, SiC, GaN, GaAs, InP ~~. Lliii3:®t1mtBSfli~ o 
AT --1:=jfJ/i=n □<J lC {tlj;m:_L Z::~/f~, ft Jct 1 {;lt~:tiiI,:1/;J1H1tM Jffe D"Jff Jp:,, {§1j ftp SL SOl, Si Ge, Si: C 

~o :lt-1:mttJ 2 s<J~~ ~r:rt*4B<Jfliil-Jt H~y,g:j:§-#ffi~ftmt :ftP$\.1t?ELifil{t?EL~F 
s'llwkJ~~r,<JrJ.fix!t'.%1wi (DLC) ,$\.{tffi ,$\.1tlL ~&JttB.B-o Jr, ,{,~fil·Fz': 2A ~~Jr, ~Llti 
~fftl,~=Mttm~~~m=~~~fftl*H~Frij-=fffi-~~~fftl(~~~#Mtt~ 
i'sJ ITTMt_ck~fHt:;c-=f 5: 1 *1:it~:;c-=f 10: 1) o tr;;t~riJ§-~'-1:!t~*ilffi{fU ~, -t,gm~ 2A/2B 
½J A ~F 9 ~:,J,tfj., g 2A/ g 2B 8{Ji'.Ji-fr1JUftU$\.{tli--1:=jffl.{.tlii'r'lfli-fr ,fl 1tli--1:=j ( *1~5f-!) ~ ~ 
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ti _gx; ~ ~ rs ti 8f.J tlli;-, !t 1t ti _gx; im. 1t ti~~~ s1 WJt 8f.J tlli;-~ ~ o ** R SJ! ~ ~ {;tizt; ~ !mI {9tl rt, , Fzf 
U½ffi2B~~$~~*#~~~~~~~~$~~*#r~~~::ksf.J~~~~~(~~ 

::k-F 5: 1) 0 ~ 2A,~ 2B 8f.J1JUJtir;rt§ti5 PECVD,LPCVD,HDPCVD,MOCVD,~IBE,ALD, m~1t,~ 
/lz, iffe,Ut~*;f~ _L z:; o tt*/lz llJl ~,tJi{i~ JJHI1frJ cp, ff 2A A =$.i.1t:irt, ff 28 A~ 1t:irt o -fio 
lfil 1 pfi~, Jfd~tifi 8f.J Fzf 2B ~~ ffl -F*~di~Fzf izt;tf fflt ~t9x%PX'., IEIJIU?Ftt 7i7 LSG, JUi;I $ 8f.J Fzf 
2B i~}tj T;t*:iiJJil~:il-Jf.fflt rHflz%hX:, IE!Jlti'?Fi.±A USG, cptfl}~~ fA WLO ~ WLn 811H'-~ 2B 
~ffl-Fn+l %,-ff[i~o f'f! 1cpfl(~i±\Tn=28f.J'tl%,{!!~~~1f_Lll PT~1tJ:ffi~~ /'I)~-F"# 
-F 1 81 ff {ilJ Tf f~J& 0 

[0025] ff ~I'('), ftu I!) 2 pfi§1%i'r'1 i'fUfl,[ I!) 2A ;fCTJi;i fl,[ I!) 2B p)T~, iut:i!:lt:i'H6tq 2A/2B, 1t ,Jc:m: 
i±\~i"f!HtFzf 2A/2TI Rf.Jf~UUITfti/il$~%m"BltfrtftRf.J'=J=~~~!Rti (WL-Pad Region, WLPR), "P 1Li' 
l5Z :bij J'1 p$ 3i"rJ l5Z :bi;t (Arr a y !{ e g ion , Al{) o Jt '17 , ft W LP!{ l5Z ~ , 1t 1Jc-j: ix' T J_i;i Fzf USG _t 7f 8f.J Fzf 
2A: USGJfj r WL2 Bf.J ffi 2B _t 7J Bf.J ffi 2A: WL2, ffj r WU Bf.J s 2B _t 7J 81 ffi 2A: WLL ffj -F WLO Bf.J 
~ 2B _tjf sf.J!zf 2A: WLO,ffl-F LSG B1~ 2B L7JB1~ 2A: LSG, ~btf¥t/1H~ 1 81~ 2Ao ~ r 
I!! 3 ~ I!) 10 IEtv#l~~ttxtl!I 2 "P 01 "P •Li'Of.Jpff yrj !RkjUjj:q'f' t~ ~ z me~,fr-1'-J,i;it½l l!l{'x..~ W1 T 
!Rnix 2/1.:/1.R cpsf.J~¾fi1:f o 

[0026] tElJll~ Hof~ Bf.J TCAT m ti01RUm77it "P, ffix:tlt~U t:i!f3iHU-tm5t9$ s1 U~;r1g ili>t~ t4 
Jf3PX'.i1gil!J§, im:i~ttA1f1J1Htiut£1=vl,ffi±\ f'FAFzf 2B i'rs113fflt (SiN), ZJ§5t$ ~Fzf 2B 8f.J113tJlJHfft 
PX'.fflt:lttt*MFzf~~~~~m~~#-~~~~-~ITT~~;~filimMru~,ttA~ti~ 
* 3'EPX'.:;/--id1~ IR 7T5 PX'. ; -Jt l'i' .iBLd:;;*ffl i'(,J !t ft 4mt~ ft, CMP, ~w lR CSL -Jtftl(JLiu t:i!;fCT j:~ ft, ~ ~ 
~Ji~)[Zftm CSL R1ii~" !m-~ JlUi*$1tJ1JTIB, ~t+ Fn%DJGR1f*tltH1xl~,;)RJBffti*m l:t 
LlR~JmrJ!JE4<., $;:~~J:1[~14*~~ o 

[0027] ½zxt!m Bf.J' 1Js:RflJ§ s1~1'"~{Ytl::f ffly*fflrffi ffl-t!n I!! 3 pfi~B1~JLjlJt1, ~WI!: 
;fCT,;1g:l1:t,r;$;I1:;,f§lnJ, tEiEPX'.~frl.5GB11RU~ZFP, ]HlimMfmtlfffi ,li1t;fo~)! B1f*fLJJl;JE 
itPXj¾1mlR o,ggfl1!l!, 1?<U§ SI ~:itPX'. CSL ii~ o i'§xtTTIT ~,~ff* JJt~rJt:i!_L 1::faJ ., 1+fi11Pt37rJ 
ITT~ It 1~ r£'1 , ~ ¥m IR Bf.J tt Jff!R JL 5 I i±\ I z:. 9'.! :vmWf tp. , @: ~ Bf.J = ~ {t filJ"l'! ft y* ffl Jt 5¥ :IQ 1t, jlj ti 
gM~,~~gM~Bf.J77~ng~~~Bf.JOO~ffi~~~~~gM~~~M-~ 
[002sJ -/io§t~i'fHJll.f'f! 3A,J,i;1fJll.f'fl 3B Bf.Jf'f! 3 Pfi~, tEPtfU!R:!EjjLJt£k:lt:i':£Ai1;1 2 ][~*ffft 
~ 1 ( i~IR:bi1~~%~**8f.J~im!R), %PX'.11:7i71J:1tJJJti'lzHJLs1ffl~3fJL ( *~ i±\ ) 3ftr1J:1fflt 
~H~+%PX'.~ftg3otEffl€1!15M~~~-+,ffl-3f~~*A%$;~i@!RlS~ROO 
[n]jLJt1l~~i$1:rFzf 213 p)Tffl ~SAD !Rti" fimJili, %:ffl RTE .8¼~~~+1tiut1li't friJ:H'f'tjLJt1l 
Fzf 2A/ Fzf 28 81:lt~mi'i0 2,Jr;PX'.ix't±HtJi 1 ~RHJt£ 1 L'.':J:1#:lt~8f.JFzf 2A/ Fzf 28 Bf.Jf~,j~8f.J 
ffi~3fJL ( :,fc~i±\) 0 iut1~ {2f1Ytl-t!nttxt ~~~li;fOfit1tli~M mtsf.JTW{il~iut1~{2f, * Ji 
imM~~WJt•~w~ru~mM~*c•*~m~BJ.J~~u~ru~.•~~m~~BJ.J~~oo 
~ 0 tt* /lz llJl ~,tfjtjz\; ~ J1ffi 1111 "F iut:i!~ ftf;t:iz\; CJ\' Ci's ~~ C ]HI::~ l~J of.J ~ 1*-}f ift~tv 
{jtizt;JfilM±~ no~ ~-t't~ {2f ftO 02' co ~ti ftUfmu ~ %1~L f 1T TH~ 1 :zz ffi-bJJf~ 8f.J .JLffl Bf.J:ix ffi 
%tftnJ ~A~§Jr;, 17%,~%, ~%, -'f ~Jf:;,f~!~%, ~ ft!%, IL:ilil'f:;, ILm %,/,:ili%, J\.:Vl 
Jf3"#~~;f~ JLfilJ%tfto rtlftFzf 3 y)l'.;f;~7J;}t§t~ PECVD, HDPCVD, MOCVD, MBE, ALD, ~1,2,iW&M 
~' M M{1tiz\;7'J~:lt~mi'i0 2 Bf.Jfzf 2A,Fzf 2B HJJl.{J. ~izt;tf·t'tsf.JMf4, 1YtlftCTFzf 3,Fzf 2A,Fzf 2B 
~ w Li'aJ'§lrJJ1'" Li'aJ 8{JjLJt:i!~~ t:l::½J::k-F~-F 5 :L tE1Js:JlzR] ~"1'-1:!t~~h:W:fYtl+, g 2A A 
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~ 1,tli, g 2B JJ~1,tli, tj!JEgJJ~~raa,~~ratiL~~B1iL DLC ~. R.Z1J\~o 
[0029] tt~, -fm1'1tilri"fHm i!I 4A, Tmtm i!I 4B s{_J 1!14 ?Jrlf\, tt~'i""ffl-yfJL[d) EfiltLlt117TJf&~,t­
ffl=TTfLH%f&½][s"J;'i1g,ig[2S. 4o l::JtLlt:k%f&ffl-TTfLB"JIZ::*112),, RIE ~~~ f-T;;ttLlt:k 
-hfPJ3'ftttLlt£km 2A/ m 2B o"JJf~~ttJ 2,{E%-:ffJLo{_J)i'r][Ti)%f&~'}ff:KH1Jrt 1 LlR*iJrt 
1 J:Jt~±li:B"Jg 2A/ g 2B i'r~1mLl~B"Jffl=:ffJL ( *lf\ili) 0 tLlt£k-9Jt1fLl-fiPttx1=~1tnilP 
ffl.1t:U1~,1,~ JJi B"J7wti:£~Llt£k""C 14, ff liilli:clt!'Hn7wt~ ttrmtE1~Ll~%JJ-'Z EB-8' c 11r-~B-4M%JJ-'Z B"J 
I[~ S11:5iHf11Y!Ll m' iiHt11tf~~~H"J ~][ 1Y!Llm O {E;zjs: :& IJ)j - ,}f)Lm;* m!I 'Wu cp tLlt.rk"'=C ft f)[;m; CiF[i' 

C1F8 ~13" C _; r~ ti~ B"J 1i 1tff it!: - :J:b1:itm.Jffl.:i1ti :fJO ~ 1tt:t1i 1t-fiP 02 , co ~~ i"1Ll100Ll ~ %t\jl o 
-tiu I!! 4A AB Jifr lf\ , ffl -=f *ff:~~ lR 8½ ffl - :ff JL i'(,J R -t ( 1fu -tiu J'U-£ ) ~ :::Jc -=f ~ ~ -=f ffl -=f lTJ f& 
yzjiJ1[R R~m=ffJLK-t, 17U !lrIM ~ K -t ( ][ 1-i'.E/X~ $ :ii1% R"J:ii:::Jct,Jjj!e R"J r~fJ'U rL:::Jc+ 1. . 5 
ffttm.:::k:-=f~-=f2orr*~llJJ-1'-~ffi~~.&-1'-ffl-:ffRmmA~A'i'-ffl=:ffR,Ll~ 
rm Fra ;f,~ m1mo lriJ tLlt11Fz: 2B s{_J ~';Z ¥ Ll ,&½j 6-J 't':L tt ;.$: R flJHt1tR~ JJfil 17U cp, ~-,t-ffl-:ff JL[dl 
mPTLlA1fs"Jffl=TTfLB"J~ § /'J 2,3,4,5,6, 7 ,8,9 JJ±£$o 
coo30J .utJB, iE%=:ffJLcp %f&~1""¥Ao{]rtJmm 4o itimm 4 mM JlwJ Ll 1'1ti51¥L11f1:ii$, 
$raU, Si Ge, Si: C, Si Ge: C, Si Ge: H ~~~fittt-4, 1JL-tRI z=.1:JJ5 LPCVD, PECVD, HDPCVD, 
MOCVD, MBE, ALO ~o tE4'<&13JJ 'i'-*JJBI'87LJcp,;'!1giJ1~ ,1 B1~JC,fR17:r-~/'JJ;;}1ffstJ!;JEJ;r,=:ffJLB1 
oomrm%f&/'J~~~~~B"Jcp~tt%"iE:zls::&IJ)jtt~*M!I~cp,m;ff~m~4B"J~~~~ 
~J,'1G±glZ~- fnJ'l'ffltJ'!;ft:ffl= :ffJL, %f&~ll.'tt' ~ili':ff' El¼~ ~ILi':ff pq tJ'!;ft:iB~l<g ( *~ ili ) 
i'r'lt~ 1Li' -1H";:JMtJ o iiJJJig 4 i'r'17t-'f~ffii'r'llTJ~ft:1=Jffl ~:ffJL*112J,ff Ji 1t~tih~lfJ, PT Ll/'J 
~'li'ITTte%, ~*, &% , [21]%, ~[21]%, ~~TI[21]%, ~ 1H *, nm%, nm*, 1\m%, Am%~ 
~.;;# JL1wJ%~}::. ~~ JvJ:~JL1wJ%~Rij 1t:f~iiJB1~1Li'EfS:£f~(, tl~(~ttJ C ff r=!Jt pq'l'fflrlJ 
[:JtJ1Er~~8) 0 1tJ$;t-fu,X1T:i':1Li'B{]tt~;'i1gii[Fz: 4 ~t.z.J, pJ[:JitJ:-$tti19il!Fz: 4A r,i1mLltJ1E 
tfgtiH1fj ~~ 4B, 13U!lrIJffl.:i1 LPCVD, PECVD, HDPCVD ~IZ::%f&13U!lCT~{tliM JsltB"JJ:zf 4B, ffl r 
3'[;J:¥, t~~ff ~1% ~;'!timm 4Ao .utJB, iEitimm 4 T_uf $1JC,f,R;;,m lR tiirl:I! 4D o 1t~tih, :7i-EJFl --"=Jitim 
g 4 ttMi'§IR].8,\Z;=ti'§m: ( 'WU-fiP--"=J Si i'§m:i't~i'tM SiGe, SiC ~' Ll~vi~i)aJra~~~rmtR:i£'Jt\t 
ffiril3$,~rm~~•~3#B"J~~tt~)B"JMJ:aimmttffi=:ff □ B"J~'ffllrm%~W~3 

141¥L~rrHt~B"J~JITTIR 40, ff liPTLlit!:-~:Jf3f&tt1t4M C *~ili) LlPi1~:tifu:l!Et!rno 
[0031] -tio-ffHml!I 5A lUTmtm i!I 5B Jifr ~, m;:J'fttMti* p_it:!'!;ft;g 3, ~W'rii& ill ffl-:ffJL 2T, 

liJfflffl-:ffJL 2r fmLl fPJ?iiJti*~i:lt'1:HMtJ + 8½ffl ~.Ml4 g ( f;3:Jl-t:&g ) 2Bo ~5'c, *ffl @:]'[ 

A{].;; fnJ 3'f 't'ttiJt:kI Z::, 17U !lri %ffl Rm ~~ ~r+iitiJt:kI Z:: ( it!:-~1R: ~i»t1!liJ~ LltiJ t:k~F 
raa, ~~s1ffi' ~~*ffl ~~~r.=trtt1Jt£k*p*~~Ef§~ffe' DLC M Jslts"JtJ{JEg 3) '~~ttx1tJ 
1EFz: 3 s~M mtrmJ$;ffl~;.$:P£w~~::F~t1rrz: 2A,Fz'. 2B s1!m't1L1i*1~1t!m't1L*P*Fz'. 3 < 1fu~n 
ttx1~~s1liM JsltB"JJ:zf 3, *ffl TMAH Jm't:kifi) o ½1tB"J ~ fPJ3'f 'f'±tiJt:kIZ::3'c±*ll,i [ JlJE~ 
3' _jjifrff: rH T ~m 01 ¥HD1%-:ffJL 2L p)Jj}g' *FFl * [Pl IRj 't't.=trttiJt£k_L z::' f~ [Pl j1Jt£k * p_i 
g 2B,{Eg 2A zi'sJ\jrT1mLlfPJ[1J]ffl 2Ro 17U-fiCT~1J\7wt~l~Llt~fPJ?iiJt£kifil1tnis{_Jg 2B,l'x:~ 
*#J1%H~Mffi?itiffi.1tUs{_J~ 2Bo ~:iLtttL :::5~ 2A /'Jffi.1t:U1,~ 2B /'J~1t111CT1, nJLl*#J HF 
£~t£kiih%t£k~ 2Bo 
[0032] iiO ~ff I!! 6 Jifr ~, t[ffl-:ffJL 2T ~$%f&~j)l[R lS, t[[1J]ffl 2R rt1 %/'&il-f&flt',~;j;tj 
5A/5Bo PTLl:im.Ji~r1iA1~5f-!, LlR1t~t-fu:i!-?ViE=RffilfJf&~~li1t4M ( *lf\ili) rmlfJ 

8 

Micron Ex. 1002, p. 177 
Micron v. YMTC 
IPR2025-00117



CN 104157654 A 6/7§[ 

nx~i5Z 1So 3tJmli1-ttZJJfiUftO NiSi2-y, Ni 1_xPtxSi 2_y, C0Si2_y E!JG Ni 1_xCoxSi 2_y, Jtrp x MJ::kr 0 
!J\T 1, Y :hlJAT~T Q !J\T L ffiJtt:Jk:lii':Mt-iJ 5 t'1ti+rffifrt:Jkffii'ffi}z'. 5A fOffiJttJit~ ct!Jz'. 5Bo Jz'. 
5A B"J1JUft1J;;;t;'ELfi5 PECVD, HDPCVD, MOCVD, MBE, ALD,~,3/st,iJ&~t~o 00 q:i*~W B"J¾, )zf 5A 
fjtm;:l:-tl!itt-W1'1ti5~1"'-=f° ff, {yrJftori~ ff ,,(+{i11ff, PFl13ff o :1t q:i ~~ ff1'1ti5 Si0

2 

E!JG1*J k M 
H, Jtq:i r£'i k i'J*41'},:j:5f_§)fl~rffi1-ttm ( {Yufto SiN,SiO\,AlN, T iN) ,3tJi.1-ttm ( ±~/'J~rJ 
~;fO tlifil *~H!I JG~-1-ttZJJ, 19U ftO MgO, Al

2

03' Ta
2

0
5

, Ti 0
2

, ZnO, Zr0
2

, Hf0
2

, Ce0
2

, Y 
2

0
3

, La
2

0
3

) , ffl 
~1t4ZJJ ( ftO HfSiO\) ,f154:A1Jti'~4t1t4ZJJ ( 1YUftO PbZrxTi,-xO, (PZT) ,BaxSr,-xTiO:, (BST)) 2#, ri'# 
FzfPTLl~~~MM~$FzfM~~$Fzf~9M~o~~Fzf~~#ct!m~~~~~*MMM, 
fJUftU SiN, HfO, ZrO ~E(Jtfli,fr, [R];jq:pJ Ll¾_l~Mf4 i'r':J$gf6t1;J!JX:~ g~,t:H6t,1;J o rnJ~g 
ajLl¾-~li.-~ffl.-~%~*MM~~$FzfM~E!JG$Fzf:lii'~~~.~*~~-~~~ 
wurr, Fzt: 5A wufto¾•1-ta, ~1-ta,• 1-tarlinxsJ.J oNo ~t1;i 0 

[0033] ffiltt:lk~ ct!Fz: 5B pJ Ll-J½~ EfEiiL ~ EfEiffiiLPX:3t~, Jtq:i:iit~PT 1'1ti+r Co, Ni, Cu, Al, 
Pd, Pt, Ru, Re, Mo, Ta, Ti, HL Zr, W, Ir, Eu, Nd, Er, La ~3tfl!$M, E!JGJ!®3t)1! B"J~3t Ll& 
j!J~l;.3t),i D"Jffl 1-ttZJJ, ffifr;j;)z~ E§.ff 5B q=iifwJt1t5¼n CF, N, 0, B, P, As ~JG~ Ll iJal"n:C,JJ Pfl~o 
ffifrtJHfi~Fzf 5A ~ffifrti~ ct!Fzf 5B z.i'sJiff;itm;Jrn,jj: PVD, CVD, ALO ~ffi1Yt!1J;;t;%nx;ffi1-ttmsf.J 
p]J'1j~ ( %:~ ili ) 'r].}'1j~,f~ J:ai/'J MxNy, MXSiA, MXAl/.Jz, MaAl,SiVNZ, Jtq:i _\'[ /'J Ta, TL HL Zr, 
Mo , W E!JG :!t B 5c ~ o [R] f¥: :!:if! , Fzf 5 B PT Ll ]Ee$ Fz!: tr1Pt1;J ill PT Ll ]Ee$ Fz!: ~ ,I: tr1Pt1;J o 

[0034] ill-tbJt, fto 00 6 rfr ~, trm-fffL 2T {W~~%nxti~s"J&'Btifzf 6A Htl&'B~ifzf 6A rt, 
tJGt:iit~ JTJnxi1Jti:&M§fll1! 6B o ttJ~g 6A pJ Ll*ffi 1!,\. ~, 1-t"F• 1-t ,PECVD,HDPCVD ~ I 6JfJ 
m, MM PJ Ll/'J•1-tli.1it1-tliE!JG~ K Mltu Fzf 6A {;itm;{\Z.:li:ffif.~-ffJL 2T {m~~. mS$:lii'lR 
sf.J:Wffl'$1t PT Ll*ffi;;lrrdt;~t!iLL Z::E!JG-;lf ~ ri'iJ [R]·tt.=t;;t;JrJt!iLLZ::~~. ~{l;l_-f-{Wr)l'ti,t:ttiC p,l/i 
J§, *ffl MOCVD,MBE,ALD,~JlLi~&M~I6Jf01J½1tt ct!rlisf.J:tt~~t:&mill!I!~ 6B, fil:f~,i'F CSL ii 
m;±th, *ffl CMP E,X~[0JU7J;;;t;, E!JG~i}/if!fiUrU9'3tfl!IZ::~~. ~ifr;l;)zf 6B B"J ~!:i1fJ:t]J[;','~1ttr 
Ji ]J[ $ iJS It ti lf ~ ~ ;j;j;j 5A/ 5B □%& 00 ( T,Df $ ITT i.'?< 3t Ji It ti m t,1;) e~ FFl T T,Df $ iztr'¥ I nH'ir 'g o"J T,Df 
$m;1lffifr~ USG), B;~~@Jr:l'tffi~Fzf 6A J"L~~~Tl;ffz!;sf.Jfz!; 2A 1f5f o 
[0035] JltJ§, ift:l!±th, fto ~ 7 A ~LJtJ,\l.~;fO ~ 7B T_!i-!tl,[~)=i)T~, ~Ut:i!¾~ CSL~ 6B T_!il1f1JB"Jf{gf;& 
Fzf 6A, i!'t±fr7JITTFzf 6B c ai.'?<JUt.rkW~tq:i, JUt£k:Jf35JGs"J515 ----C:3fJL 6T ,R ,J~J-:-=t~-HJL 2T 
sf.JR st ( {Yufto um% B11"f.1~~* .ill% s"J~::kN,ijJre ) , ~~,§; T-$11 USG Fzf fJls"Jffifrtlit~•Mt1;J 
5A/5Bo ftU 00 7B ?JT?F, ~i1ltt:&M§ill1!~ CSL OOJTJ:iifi T ~1'-m ~ ffJL 6T, ff Ji pJ Ll:it!:-$}]j$ 
lli~~·~~~:iig~*$E§.~%mli:ii~u 
[0036] fto 00 8 ]1)T~' tr:m ~ ffJL 6'1' rprJlJE [R]f¥:ITTifi~Fzf 6A, %nx TT_Dffz!:m;1'¥8tlit~ s"Jf,l,lj 
1't\ ~@i'ffi ~ o 

[0037] !m 00 g )=i)T~' fr~-i---@14 ZL%MJzf i'sJ * MJzf (ILD) 7 0 19U !lo*ffl ~~ ,JJi"'E~' CVD 
m~~~Z::%nx*kMttm1w 7,*kMff1'1M@~~Tffm*kMff(~~~~4ElX 
if~JG:£fi'tslHJ1JTitiHm) '-xi!Utt k i'tH ( {YUftrl3cJE%1ilffiz.WJl~L~ra@Hffiz.WH.~Lit1fff)5Uij, 
BSG, PSG, BPSG) ,$JL1R k Mf4 ( {Yu"tm=i'il ~ •tJc (SSQ) £$JL1R k ,f~ N,$:fL=-1-ti'l±, 
$IL SiOCH,t1t c =~1tiELt1t F $JL3c5E%~,$JL:iitlxJLli:i ,$JL1HJ1~714ZJJ) c M1J§~rJt£k 
ILD 7 1"f.~Jltii& CSL fz!; 6B, %nxm [g ffJL (:~~lli ) 3fiJI,fR~JmMf4%nxttfn!I!* 8, Jitt T 
p$JUif:J~i~~ lSo 
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[0038] -t(Q 00 lOA ;fn [!I 108 rfi~' 7c~1v.~:ii:t! 0 trJt- lLJ) 7 z__t*ffl~il;),__L z:;;fn;f,,t J~ 

1J1f;{ffl__:. ILD 9 #tLlt1Jf0f&£~r1:Jii:!IR 4D s{]mffl!l!JL, mfR~~ JT0f&1fl~;iiffl 10 0 
[0039] fJHl~i~BS¾, 001±1!1101X~W [:jl~~*Jstll)j-T':thfil1Yussiz:;1J11,*1stll)j 
~mLl*ffi~~__Lff~f&-~#Mff#~~~o~~.fr*~~-i'-tt~~~~~hfil~q=i. 
003B~OO@m~ITTfflr~~IRITTffl-HR~fflr~mlRITTffl=HRmLl~M-~ft~/ 
~Lltifzg ~~fJll, tt!.RP ~ 3 ;frl ~ 1 JiJf~Iz:;nJ Ll·fH+, R~fr'Bt-i";r, HJUa:J:l)LZffr1H";r,= 
HJL eppJ O fr*Ii 1JJ:t1t}-~m;~ M!If3u q:i' frtA1f ~f& ~ 6 Pfi~ B{]ffllttR:lf1i':~tzg±Jl:JEZJ§' fr 
00 7 A, 00 7B Ll&z!B Mr ~B{]ji~iJfr ®:~,fffi 00 7B, 00 10B Mr ~BSfr&OOitUf Mti, ~m*mffllt 
~1:&r~~ ( 4l'L''21~T ~~g 6A li:Jr~~g 6B OOJTJ) #JfJf&~~t:&:ii~ CSL OOJTJo JHttih, 
ttiLltiJL%JJx1Jlit:lil't:~JJUR ~J,Fn' ~Fn* Jg:tJJ!l;JE-'f:f:E! 1t~i'-f IDI' ~Fn:tJz,lffi 00 1 on ?fi?f CST, tlf 
It ITT 15Z~ill1Tt!JJfEJ1*1Jti, ~11;), T '!'CAT __L z:; rt, WL-Cut B{]:Jv~J. ;;Jr:fRffl B{]:ft-J~m11J!1Jlt\t' ~)CiJC 
fR~~~~~Fz'.Jf0f&-Ttt¥1ltlRB{]~~TiiL ~f:zttl::r, ~u-T~1YLJq:iPiT USG r~1'tl~1tM{] 
WL 13t:1H1¥j~,:16T7JiiPT~3'E±1l TCAT-.t¥%Mft~ WL BS~1~~0 
coo40J fr*~~ 53-~~~hfil{frJq:i, mLlfrOO 5 ;f$pif1:1'J~fflltt22o{]m 28 __Lffz_ q:i, ~ 00 5 

m~t§1~vl3-i'-ffl-HJL 2T J'!~a~zi'sJ{lZ.~-Ti1:Jmm 4 :f,[RJ, -t!POO lOC ?JT~. m~frM 
YU ( ¥{}~ 5B q:i _t TJJ rtH⇒FYU) ;r, HJL 2T z_['B])l.~$-i'-11:Jm~ 1, rnJlt±:itkT;r, HJL 2T 
zJrrJ BS~e ~, -ff lifriLltEk :t Pim 2B aiix.tllHt :tr;irmfrLLJ.Jffl 2R q:i{iffitl7~5t1JJtJlHRm 2B, :fUffl 
~mt&m~ITT~~m~mT~~fflITT~~~~o~~z.ffi®ITTvl3~~mm4z~ITTffllti:& 
:lf~r6tzg 5A/5B 8½{~Ll00:imJirU'?8{Jffl ~.:rJt4 g 2B rmti'.\m'<r~ ~, ±is.la T ffi!:/:8½ttd'i~'d:1f?to 
[0041] ft,lffi* l3Z 13,1:J Rf.J - ti Zf1it~ iium1Jrt' i~ TCAT - tl~14 A~ '=§::~~ti ift~:1/;J ¥3HLiu 
ti*~m;t§ fRJ ITTJJJrlt, m~~mwui, M ft:lf~~tzg ssi1Jt£1!__L z:;, fiM T ~JiBWiiiJ·ttl'lto 
[0042] ~ ff [J~ fi~ -1'-EX~T~1Yu 'l":t~hfil1Yu iJt 13,1:J *1x ~JI' *@j:t,,j:tz:Jf:A w m Ll ~nB1t~ ~ 
M.ll ~*1st l3)j m!Ermx1~14ri1;tzg~1r111JlE:f½'f~W *#i:)-Jf!a"Jr&~-fri~1fl'1JJ:t O Jlt:9r, ~m0 
H~~~m~~W*m~Jf!r~kffl%~tttt~~&®~AA~*~~&ffio ~Jlt.*~~ 
ITT§ITT:f-frr~~fr~~fflr~~*~~ITT-~~~7J~rm0HITT~~~~ffl,rmm0H 
~~#~~&~~~JJ~~~ffigA~1x13J:Jm!E~~m~~~fflo 
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JA 7 l ?A I 

28: USG :?Ht USG I I 
lA 2A I 

I ' 
28:WU 

2R: \\l.! I l I 

?A 
I 

I I 
2A 

!B:WLJ I I 
2D:WL1 

2A ! I 
2Il:y\,TJI I 

I I 

2B!WU ?A 
I 

I I 

2A 

7 l 1A:LSG I 

2A( 
I 

2B: LSG 

J ! I 
lA 

AR WLPR 

~ 2A 

2A 2A 

.2B:USG 2B:USG 

2A:AR 2A 2A 

2B: WL2 2B:WL2 

2A lA 

2A:USG 2R:WL1 2B :\\-Ll 

2A;WL2 2A 2A 

2A:WL1 
2B:WLO ?B:WLO 

?A 
2A: WLO 

2B:L~G 2B:LSG 
ZA: LSG 

2A 
2A 

~ 2B 
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4D 4D 
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Confirmation No.: 1077 

Art Unit: 2812 

Examiner: GEYER, SCOTT B 

Atty. Docket: 4123.0480002 

Title: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

Second Supplemental Information Disclosure Statement 

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

Commissioner: 

Mail Stop Amendment 

Listed on accompanying IDS Form PTO/SB/08a equivalent are documents that may be 

considered material to the patentability of this application as defined in 37 C.F.R. § 1.56, and in 

compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97 and 1.98. 

Applicant has listed publication dates on the attached IDS Form based on information 

presently available to the undersigned. However, the listed publication dates should not be 

construed as an admission that the information was actually published on the date indicated. 

Applicant reserves the right to establish the patentability of the claimed invention over any 

of the information provided herewith, and/or to prove that this information may not be prior art, 

and/or to prove that this information may not be enabling for the teachings purp01tedly offered. 

This statement should not be construed as a representation that a search has been made, or 

that infom1ation more material to the examination of the present patent application does not exist. 

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

D 1. Statement under 37 C.F.R. 1.704(d). Each item of information contained in this Tnformation 

Disclosure Statement: (i) was first cited in any communication from a patent office in a 

counterpart 1 foreign or international application or from the Office; and this communication 

was not received by any individual designated in Sec. 1.56(c) more than thirty days prior to 

the filing of this information disclosure statement; OR (ii) is a communication that was 

issued by a patent office in a counterpart foreign or international application or by the 

Office, and this communication was not received by any individual designated in Sec. 

1.56(c) more than thirty days prior to the filing of the information disclosure statement. 

D 2. Filing under 37 C.F.R. § 1.97(b). This Information Disclosure Statement is being filed 

within three months of the date of filing of a national application other than a continued 

prosecution application (CPA), OR within three months of the date of entry of the national 

stage as set forth in 37 C.F.R. § 1.491 in an international application, OR before the mailing 

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

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

or fee is required. 

IZ! 3. Filing under 37 C.F.R. § 1.97(c). This Information Disclosure Statement is being filed more 

than three months after the U.S. filing date AND after the mailing date of the first Office 

1 The term counterpaii foreign patent application means that a claim for priority has been made in 
either the U.S. application or a foreign application based on the other, or that the disclosures of the 
U.S. and foreign patent applications are substantively identical (e.g., an application filed in the 
European Patent Office claiming the same U.K. priority as claimed in the U.S. application). 
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Action on the merits, hut hefore the mailing date of a Final Rejection, or Notice of 

Allowance, or an action that otherwise closes prosecution in the application. 

D a. Statement under 37 C.F.R. § 1.97(e)(1 ). T herehy state that each item of information 

contained in this Information Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(l). 

Db. Statement under 37 C.F.R. § 1.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

IZJ c. The required fee is provided through online credit card payment authorization in the 

amount of $240.00 in payment of the fee under 37 C.F.R. § 1.17(p). 

D 4. Filing under 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being filed more 

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

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

provided through online credit card payment authorization in the amount of $240.00 in 

payment of the fee under 37 C.F.R. § 1.17(p); in addition: 
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D a. Statement under 37 C.F.R. § 1.97(e)(1 ). T herehy state that each item of information 

contained in this Tnformation Disclosure Statement was first cited in any 

communication from a foreign patent office in a counterpart foreign application not 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § l.97(e)(l). 

Db. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item of information in 

this Information Disclosure Statement was cited in a communication from a foreign 

patent office in a counterpart foreign application and, to my knowledge after making 

reasonable inquiry, was known to any individual designated in 37 C.F.R. § 1.56(c) 

more than three months prior to the filing of this Information Disclosure Statement. 

37 C.F.R. § 1.97(e)(2). 

lZ] 5. The patent family for one or more foreign language documents submitted herewith includes 

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

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

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

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

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

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

other English language patent or published application are to be construed as being cited by 

the foreign patent office. MPEP 609.04(b)(V). 
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D 6. The document(s) was/were cited in a search report hy a foreign patent office in a counterpart 

foreign application. Suhmission of an English language version of the search report that 

indicates the degree of relevance found hy the foreign office is provided in satisfaction of 

the requirement for a concise explanation ofrelevance. MPEP 609.04(a)(III). 

~ 7. A concise explanation of the relevance of the non-English language document appears 

below in accordance with 37 C.F.R. § l.98(a)(3). 

Document US2 (201 7 /0236836 A 1) is submitted herewith as the English-language 

counterpart of document FPl (CN 104157654 A). 

~ 8. A copy of document FPl is submitted. However, in accordance with 37 C.F.R. § 

l.98(a)(2)(ii), no copies of the U.S. patent application publications cited as documents US1-

US2 on the attached IDS Form are submitted. 

D 9. Copies of the __________ documents were cited by or submitted to the Office 

in an IDS that complies with 37 C.F.R. § 1.98(a)-(c) in Application No. ____ , filed 

______ , which is relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, 

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

D 10. It is expected that the examiner will review the prosecution and cited art in the parent 

Application No(s). __________ in accordance with MPEP 2001.06(b), and 

indicate in the next communication from the office that the art cited in the earlier 

prosecution history has been reviewed in connection with the present application. 

D 11. ln accordance with the Federal Circuit decision in Dayco Prods., inc. v. Total Containment, 

Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith Office Actions from the co-
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pending U.S. Patent Application No. ______ , filed ________ , as 

documents ____ to ____ _ The identification of these Office Actions is not to 

he construed as a waiver of secrecy as to those applications now or upon issuance of the 

present application as a patent. The Examiner is respectfully requested to consider the cited 

applications and the art cited therein during examination. 

It is respectfully requested that the Examiner initial and return a copy of the enclosed IDS 

Forn1, and indicate in the official file wrapper of this patent application that the documents have 

been considered. 

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency, or 

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

Date: November 12, 2019 

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

14130993_1 

Respectfully submitted, 

STERNE, KESSLER, GOLDSTEIN & Fox p .L.L.C. 

/Min Yang/ 

Min Yang 
Agent for Applicant 
Registration No. 78,149 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors: ZHU et al. 

Applicant: Yangtze Memory Technologies 

Co., Ltd. 

Confirmation No.: 1077 

Art Unit: 2812 

Application No.: 16/126,947 Examiner: GEYER, SCOTT B 

Filing Date: September 10, 2018 Atty. Docket: 4123.0480002 

Title: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 

DEVICES AND FABRICATION METHODS THEREOF 

Amendment and Reply Under 37 C.F.R. § 1.111 

Mail Stop Amendment 
Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

In reply to the Non-Final Office Action dated October 24, 2019 ("Office Action"), 

Applicant submits the following Amendment and Remarks. 

It is not believed that extensions of time are required beyond those that may otherwise be 

provided for in documents accompanying this paper. However, if additional extensions of time are 

necessary to prevent abandonment of this application, then such extensions of time are hereby 

petitioned under 37 C.F.R. § l.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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Amendments to the Claims 

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

1. (Currently Amended) A semiconductor structure, comprising: 

a staircase structure comprising a plurality of steps, wherein each step comprises a 

eondueti1re la-yer gate stack disposed over a dielectric layer, the gate stack comprising a 

high-k dielectric layer and a conductive layer; 

a barrier layer disposed over a portion of the eonduetiYe la-yer gate stack of the each 

step; 

an etch-stop layer disposed on the barrier layer; 

an insulating layer disposed on the etch-stop layer; and 

a plurality of conductive structures formed in the insulating layer, wherein each 

conductive structure is formed on the conductive layer of the each step. 

2. (Currently Amended) The semiconductor structure of claim 1, wherein the plurality of 

conductive structures extend through the barrier layer and the high-k dielectric layer. 

3. (Original) The semiconductor structure of claim 1, wherein the plurality of conductive 

structures extend through the etch-stop layer. 

4. (Original) The semiconductor structure of claim 1, wherein the barrier layer comprises 

silicon oxide. 

5. (Original) The semiconductor structure of claim 1, wherein the etch-stop layer comprises 

one or more of silicon nitride, a spin-on-dielectric, and a high-k dielectric. 
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6. (Original) The semiconductor structure of claim 1, wherein the each conductive structure 

directly contacts a corresponding one of the conductive layer of the each step. 

7. (Original) The semiconductor structure of claim 1, wherein top surfaces of the plurality of 

conductive structures, the insulating layer, and a portion of the etch-stop layer are coplanar. 

8. (Original) The semiconductor structure of claim 1, wherein the plurality of conductive 

structures comprise one or more of tungsten, cobalt, nickel, copper, and aluminum. 

9. (Original) The semiconductor structure of claim 1, wherein the barrier layer is formed on 

side and top surfaces of the plurality of steps. 

10. (Original) The semiconductor structure of claim 1, wherein a thickness of the etch-stop layer 

is in a range between 10 nm and 1000 nm. 

11. (Currently Amended) A semiconductor structure, comprising: 

a staircase structure comprising a plurality of steps, wherein each step comprises a 

conductive layer gate stack disposed over a dielectric layer, the gate stack comprising a 

high-k dielectric layer and a conductive layer; 

an etch-stop layer disposed [[over]] on a portion of the conductive layer gate stack of 

the each step; 

an insulating layer disposed on the etch-stop layer; and 

a plurality of conductive structures formed in the insulating layer and extending 

through the etch-stop layer and the high-k dielectric layer, wherein each conductive structure 

directly contacts the corresponding conductive layer of each step. 
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12. (Original) The semiconductor structure of claim 11, wherein the etch-stop layer is formed on 

a side surface and a top surface of each step. 

13. (Original) The semiconductor structure of claim 12, wherein thicknesses of the etch-stop 

layer is the same on the side and top surfaces of each step. 

14. (Original) The semiconductor structure of claim 11, wherein the etch-stop layer comprises 

one or more of silicon nitride, a spin-on-dielectric, and a high-k dielectric. 

15. (Original) The semiconductor structure of claim 11, wherein a thickness of the etch-stop 

layer is in a range between 10 nm and 1000 nm. 

16-20. (Cancelled) 

21. (New) The semiconductor structure of claim 1, wherein the high-k dielectric layer 

comprises hafnium oxide, zirconium oxide, aluminum oxide, tantalum oxide, lanthanum oxide, or a 

combination thereof. 

22. (New) The semiconductor structure of claim 1, wherein top and bottom surfaces and a 

sidewall of the conductive layer are covered by the high-k dielectric layer, except at an interface 

between the conductive layer and the conductive structure. 

23. (New) The semiconductor structure of claim 11, wherein the high-k dielectric layer 

comprises hafnium oxide, zirconium oxide, aluminum oxide, tantalum oxide, lanthanum oxide, or a 

combination thereof. 
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24. (New) The semiconductor structure of claim 11, wherein top and bottom surfaces and a 

sidewall of the conductive layer are covered by the high-k dielectric layer, except at an interface 

between the conductive layer and the conductive structure. 
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Remarks 

Reconsideration of this Application is respectfully requested. 

Upon entry of the foregoing amendment, claims 1-15 and 21-24 are pending in the 

application, with claims I and 11 being the independent claims. Claims 16-20 are sought to be 

cancelled without prejudice to or disclaimer of the subject matter therein. Claims 1, 2 and 11 are 

sought to be amended. New claims 21-24 are sought to be added. The changes are not believed to 

introduce any new matter, and their entry is respectfully requested. 

Based on the following remarks, Applicant respectfully requests that the Examiner 

reconsider all outstanding objections and rejections and that they be withdrawn. Throughout the 

arguments, Applicant reminds the Examiner that the claims are given their broadest reasonable 

meaning in view of the specification, and any paraphrasing of the claim features is not to be 

interpreted as reading any features into, or characterizing of, the claims. 

Rejections under 35 U.S. C § 102 and§ 103 

Claims 1-6, 9 and 11-14 were rejected under 35 U.S.C. §102(a)(l) as being allegedly 

anticipated by U.S. Patent Application Publication No. 2016/0358855 Al to Oh. ("Oh"). Claims 1-

9 and 11-14 were rejected under 35 U.S.C. §102(a)(l) as being allegedly anticipated by U.S. Patent 

Application Publication No. 2016/0020169 Al to Matsuda. ("Matsuda"). Claims 10 and 15 were 

rejected under U. S.C. § I 03 as being allegedly unpatentable over Matsuda. Applicant respectfully 

traverses these rejections. 

Without acquiescing to the propriety of the rejections and reserving the right to argue 

additional or different distinguishing features in the future, independent claims I and 11 are sought 

to be amended. Support for the amended features can be found throughout the originally filed 
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specification, for example, in paragraphs [0059], [0061], [0062], [0071], [0072] and [0073], as well 

as Figures 9A and 9B. 

Independent claim 1, as amended, recites, inter alia: 

a staircase structure comprising a plurality of steps, wherein each step comprises a 
gate stack disposed over a dielectric layer, the gate stack comprising a high-k dielectric 
layer and a conductive layer; 

a barrier layer disposed over a portion of the gate stack of the each step; 

(Emphasis added.) Claim 11 recites similar distinguishing features, using its respective language. 

Oh does not disclose or suggest the aforementioned distinguishing features. For example, 

Oh's capping layer 14 and etch-stop layer 15 are formed on the memory cells 20 directly. (Oh, ,i,i 

[0016], [0036], FIGS. 1 and 2I-2K.) Oh's capping layer 14 and etch-stop layer 15 are respective 

oxide and nitride, while the memory cell 20 is a conductive material. (Oh, iJiJ[0024]-[0025], [0036].) 

FIG, 1 

Annotated FIG. 1 of Oh 

Similarly, Matsuda does not disclose or suggest the distinguishing features of claim 1 or 

claim 11. Matsuda' s liner insulating film 40 and stopper insulating film 42 are also stacked on the 

electrode film 16 directly. (Matsuda, iJ[0044], FIGS. 2B, 13B-l 7B.) Matsuda's liner insulating film 
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40 and stopper insulating film 42 are respective oxide and nitride, while the electrode film 16 is 

conductive film such as tungsten. (Matsuda, iJ[0065].) 

FIG.2B 

Annotated FIG. 2B of Matsuda 

Both Oh and Matsuda are silent about the claimed high-k dielectric layer covering the 

conductive layer on the staircase structure. Therefore, neither Oh nor Matsuda anticipates-nor 

renders obvious- claims 1 and 11. 

Additionally, dependent claims 2-10, 12 -15 are allowable at least based on their respective 

dependency to independent claims 1 and 11, and further in view of their distinguishing features. For 

example, Oh or Matsuda does not disclose that the conductive structures "extend through the barrier 

layer and the high-k dielectric layer," as recited in claim 2. For at least these reasons, Applicant 

respectfully requests that the rejection of claims 1-15 under 35 U.S.C. § 102 or§ 103, be 

reconsidered and withdrawn. 
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New Claims 21-24 

New dependent claims 21-24 are sought to be added. Support for the new claims can be 

found throughout the originally filed specification, for example in paragraphs [0061 ]-[0062], 

[0071]-[0073], as well as originally filed drawings. Claims 21-24 are allowable at least because they 

recite all of the features of independent claims 1 and 11 from which they respectively depend, as 

well as for their additional distinguishing features. 

Priority under 35 U.S.C § 119 

The Request to Retrieve Electronic Priority Application (PTO/SB/38) is submitted herein for 

the foreign priority application required by 37 CFR 1.55. 

Conclusion 

All of the stated grounds ofrejection have been properly traversed, accommodated, or 

rendered moot. Applicant therefore respectfully requests that the Examiner reconsider all presently 

outstanding rejections and that they be withdrawn. Applicant believes that a full and complete reply 

has been made to the outstanding Office Action and, as such, the present application is in condition 

for allowance. If the Examiner believes, for any reason, that personal communication will expedite 

prosecution of this application, the Examiner is invited to telephone the undersigned at the number 

provided. 

Prompt and favorable consideration of this Amendment and Reply is respectfully requested. 
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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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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

26111 7590 02/03/2020 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK A VENUE, N.W. 

EXAMINER 

GEYER, SCOTT B 

WASHINGTON, DC 20005 ART UNIT PAPER NUMBER 

2812 

DATE MAILED: 02/03/2020 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

16/126,947 09/10/2018 Jifeng ZHU 4123.0480002 1077 

TITLE OF INVENTION: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND FABRICATION METHODS 
THEREOF 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 05/04/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 

Page 1 of 3 

PTOL-85 (Rev. 02/11) 

Micron Ex. 1002, p. 235 
Micron v. YMTC 
IPR2025-00117



PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

26111 7590 02/03/2020 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

1100 NEW YORK A VENUE, N.W. 
WASHINGTON, DC 20005 

APPLICATION NO. FILING DATE 

16/126,947 09/10/2018 

FIRST NAMED INVENTOR 

Jifeng ZHU 

(Typed or printed name) 

(Signature) 

(Date) 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

4123.0480002 1077 

TITLE OF INVENTION: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND FABRICATION METHODS 

ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

GEYER, SCOTT B 2812 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-751000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 05/04/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
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0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

16/126,947 09/10/2018 

26111 7590 02/03/2020 

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

Jifeng ZHU 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

4123.0480002 1077 

EXAMINER 

GEYER, SCOTT B 

ART UNIT PAPER NUMBER 

2812 

DATE MAILED: 02/03/2020 

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 

PTOL-85 (Rev. 02/11) 

Micron Ex. 1002, p. 237 
Micron v. YMTC 
IPR2025-00117



0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 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, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the 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 inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/126,947 
Examiner 
Scott B Geyer 

Applicant(s) 
ZHU et al. 
Art Unit 
2812 I AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to papers filed on January 23, 2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

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

3.~ The allowed claim(s) is/are 1-15 and 21-24. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ~All b) 0 Some *c) D None of the: 

1. ~ Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 20191112. 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/SCOTT B GEYER/ 
Primary Examiner, Art Unit 2812 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200129 
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GRPA.RT 
TJNJT 

2812 
FIL FEE R,"'C'D 

1880 

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

Ul\Tl'ED STATES De:PA RTMK',T OF COMivmRCF: 
United. States Patent and T.rade1nark Office 
A1lCU~ss COMMJSifa)'IER FCJR PATEl>JTS 

21.113-1450 
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4123.0480002 20 3 
CONFIRMATION NO. 1077 

REPLACEMENT FILING RECEIPT 

I 111111111111111111111 ll~~fflii!~~ j~g111i 11111111111111111111111 

Date Mailed: 01/23/2020 

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

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS st1owinfJ the changes 
with strike-t11rough for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
ott1er Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
FilinfJ Receipt incorporating ti1e requested corrections provided that the request is grantable. 

lnventor(s) 
Jifeng ZHU, Wuhan, CHINA: 
Zhenyu LU, Wuhan, CHINA; 
Jun CHEN, Wuhan, CHINA: 
Si Ping HU, Wut1an, CHINA; 
Xiaowang DAI, Wuhan, CHINA; 
Lan YAO, Wutian, CHINA; 
Li Hong XIAO, Wuhan, CHINA; 
A Man ZHENG, Wut1an, CHINA; 
Kun BAO, Wuhan, CHINA; 
Haot1ao YANG, Wuhan, CHINA; 

App!icant(s) Yangtze Memory Technologies Co., Ltd. 
Yari@~rn Tec~mele~ies-Co., Ud., Wutian, CHINA 

Assignment For Published Patent Application Yangtze Memory Technologies Co .. Ltd. 
¥t.t~e-=fechrmlogi-es-6o-., Ltd., Wuhan, CHINA 

Power of Attorney: The patent practitioners associated witt1 Customer Number 261-H 

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/CN2018/i01308 08/20/20i8 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CHINA 2017107"74754.6 08/31/2017 Access Code Provided 
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Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an autt1orization for access usinrJ Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office U1at participates in tt1e Priority Document Exci1ange (PDX) prorJram or contains a proper Request to 
Retrieve Electronic Priority App!ication(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 01/22/2020 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/126,947 
Projected Publication Date: Not Applicable 
Non-Publication Request No 
Early Publication Request: No 
Title 

WORD LINE CONTACT STRUCTURE FOR THREE--DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since tt1e rifJhts granted by a U.S. patent extend only throurJhout ttrn territory of tt1e United States and i1ave 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 rerJional patent offices. Applicants may wish to consider tt1e riling of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
eHect as a rerJular 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 o! 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 !or patent in that country in accordance with its particular laws. Since the laws of many countries diner 
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 rigi1ts are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO 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 furtt1er information and 
guidance as to the status of applicant's license for foreign filing. 
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Applicants may wish to consult t11e USPTO booklet, "General Information Concerning Patents" (specifically, tl1e 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filinrJ foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewecJ on the USPTO website at i1ttp://www.uspto.gov/web/ofiices/pac/doc/general/index.html. 

For information on preventing tt1eft of your intellectual property (patents, trademarks and copyrigt1ts), you may wist1 
to consult the U.S. Government website, l1ttp://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes selH1elp "toolkits" giving innovators guidance on t1ow to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call tt1e U.S. Government t1otline at i-866-999-HALT (i -866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REOUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on tl1is form. Such licenses are issued in all applications where 
ti1e conditions for issuance of a license t1ave been met, regardless of wt1ether 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 t1as 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 
37CFR5.i3or5.14. 

Tt1is license is to be retained by tt1e 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 sl1ould apprise themselves of current regulations especially with 
respect to certain countries, of ott1er agencies, particularly ti1e 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-T74); the Office of ForeirJn AssetsControl, Department of 
Treasury (3·1 CFR Parts 500+) and tl1e 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 ti1is 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 filinrJ 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 tl1e application pursuant to 37 CFR 5.15(b). 
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Select USA 

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. ThrourJh SelectlJSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existinfJ 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 wi1y tt1e United States is the best country in tt1e world to develop 
technology, manufacture products, deliver services, and grow your business, visit l1ttp://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Application Number: 16126947 
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WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 
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Customer Number: 26111 
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Attorney Docket Number: 4123.0480002 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Miscellaneous Incoming Letter 1 1 

Request for Corrected Filing Receipt 2 7 

Warnings: 

Information: 

Total Files Size (in bytes) 4574965 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 

Micron Ex. 1002, p. 257 
Micron v. YMTC 
IPR2025-00117



DONALD J. FEATHERSTONE 

DlRECTOR 

(202) 772-B629 
DO NF(q'1 STERNEKESSLER,CO M 

February 12, 2020 

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

ti/> Sterne Kessler 
~""'···• "i· STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 1077 
Art Unit 2812 

Re: U.S. Utility Patent Application 
Appl. No. 16/126,947; Filing Date: September 10, 2018 
For: \VORD LINE CONTACT STRUCTURE OP THREE­

DIMENSIONAL MEMORY DEVICES AND FABRICATION 
1\1:ETH0DS THEREOF' 

Inventors: ZHU et al. 
Our Ref: 4123. 0480002 

Commissioner: 

Transmitted herewith for appropriate action are the following documents: 

l. Request for Corrected Official Filing Receipt 

The above-listed documents are filed 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 l.J.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 ove11Jayment to 
our Deposit Account No. 19-0036. 

DJF /lvi-Y zj CV 

Respectfully submitted, 

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

;Donald J. Featherstone/ 

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

................... .E.ncl.o.s.m.~ ............................................................................................................................................................................................................................................. . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 
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26111 

FILING or 
37l(c)DATE 

09/10/2018 

GRPART 

UNIT 
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FIL FEE REC'D 
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STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 
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4123.0480002 20 3 
CONFIRMATION NO.1077 

CORRECTED FILING RECEIPT 

1111111111111111111111 m~mll!~~ 1111!~ 111111111111111 IIII IIII 

Date Mailed: 02/19/2020 

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

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

lnventor(s) 

Applicant( s) 

Jifeng ZHU, Wuhan, CHINA; 
Zhenyu LU, Wuhan, CHINA; 
Jun CHEN, Wuhan, CHINA; 
Si Ping HU, Wuhan, CHINA; 
Xiaowang DAI, Wuhan, CHINA; 
Lan YAO, Wuhan, CHINA; 
Li Hong XIAO, Wuhan, CHINA; 
A Man ZHENG, Wuhan, CHINA; 
Kun BAO, Wuhan, CHINA; 
Haohao YANG, Wuhan, CHINA; 

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/CN2018/101308 08/20/2018 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CHINA 201710774754.6 08/31/2017 Access Code Provided 
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Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

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

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 01/22/2020 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/126,947 
Projected Publication Date: Not Applicable 
Non-Publication Request: No 
Early Publication Request: No 
Title 

WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 US PTO 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. 
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Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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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Select USA 

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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DONALDJ.FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

April 28, 2020 

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

Re: U.S. Utility Patent Application 

c;~-1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 1077 
Art Unit 2812 

Attn: Mail Stop Issue Fee 

Appl. No. 16/126,947; Filing Date: September 10, 2018 
For: WORD LINE CONTACT STRUCTURE OF THREE­

DIMENSIONAL MEMORY DEVICES AND FABRICATION 
METHODS THEREOF 

Inventors: ZHU et al. 
Our Ref: 4123.0480002 

Commissioner: 

In response to the Notice of Allowance and Fee(s) Due dated February 3, 2020, the 
following documents are transmitted for appropriate action by the U.S. Patent and Trademark 
Office: 

1. Online Credit Card Payment Authorization in the amount of $1,000.00 to cover: 

$1,000.00 - Issue Fee; 

2. Issue Fee Transmittal 

The above-listed documents are filed 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. 

Fee payment is provided through online credit card payment. 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. 
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Commissioner for Patents 
April 28, 2020 
Page 2 

DJF/M-Y/jcv 
Enclosures 

Respectfully submitted, 

STERNE, KESSLER, GoLDSTEIN & Fox P.L.L.C. 

/Donald J. Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

26111 7590 02/03/2020 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

1100 NEW YORK A VENUE, N.W. 
WASHINGTON, DC 20005 

APPLICATION NO. FILING DATE 

16/126,947 09/10/2018 

FIRST NAMED INVENTOR 

Jifeng ZHU 

(Typed or printed name) 

(Signature) 

(Date) 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

4123.0480002 1077 

TITLE OF INVENTION: WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND FABRICATION METHODS 

ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

GEYER, SCOTT B 2812 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-751000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 05/04/2020 

Sterne, Kessler, 

2 
Goldstein & Fox P.L.L.C. 

3 _____________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 

Yangtze Memory Technologies Co., Ltd. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Wuhan, Hubei, CHINA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individualfil Corporation or other private group entity O Government 

4a. Fees submitted: i]IIssue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

fil Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

~ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 19-0036 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

/Donald J. Featherstone/ 4/28/2020 
Authorized Signature______________________ Date ___________________ _ 

Typed or printed name Donald J. Featherstone 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
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0MB 0651-0033 

Registration No. ~3~3~,~8_7_6 ___________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 16126947 

Filing Date: 10-Sep-2018 

Title of Invention: 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Named Inventor/Applicant Name: Jifeng ZHU 

Filer: Donald J. Featherstone/Julia Vang 

Attorney Docket Number: 4123.0480002 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 39291119 

Application Number: 16126947 

International Application Number: 

Confirmation Number: 1077 

Title of Invention: 
WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY 
DEVICES AND FABRICATION METHODS THEREOF 

First Named Inventor/Applicant Name: Jifeng ZHU 

Customer Number: 26111 

Filer: Donald J. Featherstone/Julia Vang 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0480002 

Receipt Date: 28-APR-2020 

Filing Date: 10-SEP-2018 

Time Stamp: 16:59:04 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number E20204RG59238754 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

280975 

1 Miscellaneous Incoming Letter 
2020-04-28-Cover-

2 
Letter-4123-0480002.pdf 

no 
52ef319da3e03ad29581 dae92cd20ff88See 

84dc 

Warnings: 

Information: 

108435 

2 Issue Fee Payment (PT0-85B) lssue-Fee-4123-0480002.PDF no 1 
a6bc4502efe57e41308a4f1a8ec2c154df30 

09c 

Warnings: 

Information: 

30591 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
c5b314844982909a5 fS e98d e2 7 4d e4 7a 14 3 

3df09 

Warnings: 

Information: 

Total Files Size (in bytes) 420001 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/126,947 06/02/2020 

26111 7590 05/13/2020 

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

PATENT NO. 

10672711 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

4123.0480002 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

CONFIRMATION NO. 

1077 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Jifeng ZHU, Wuhan, CHINA; 
Yangtze Memory Technologies Co., Ltd., Wuhan, CHINA 
Zhenyu LU, Wuhan, CHINA; 
Jun CHEN, Wuhan, CHINA; 
Si Ping HU, Wuhan, CHINA; 
Xiaowang DAI, Wuhan, CHINA; 
Lan YAO, Wuhan, CHINA; 
Li Hong XIAO, Wuhan, CHINA; 
A Man ZHENG, Wuhan, CHINA; 
Kun BAO, Wuhan, CHINA; 
Haohao YANG, Wuhan, CHINA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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APPLICATION # 
16/126,947 

Title of Invention 

RECEIPT DATE/ TIME 
07/03/2024 02:56:17 PM Z ET 

Page 1 of 2 

ATTORNEY DOCKET# 
4123.0480002 

WORD LINE CONTACT STRUCTURE FOR THREE-DIMENSIONAL MEMORY DEVICES AND 
FABRICATION METHODS THEREOF 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# 10672711 

CONFIRMATION# 1077 

PATENT CENTER# 66231484 

CUSTOMER# 26111 

CORRESPONDENCE -
ADDRESS 

Documents 

Digest 

FILED BY Hillary White 

FILING DATE 09/10/2018 

FIRST NAMED Jifeng ZHU 
INVENTOR 

AUTHORIZED BY Mark Zimmerman 

TOTAL DOCUMENTS: 1 

19AE7CBEA070B957110945EAD60D7327E5F89A226D6918B984 
73D81068462632EB33D1D3468089FD9BAFD7A1B900F938A65 
E9030AOD2881B33044268120B9C24 

Micron Ex. 1002, p. 271 
Micron v. YMTC 
IPR2025-00117



Page 2 of 2 

This .Adqmwlednermmt Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized 
by the applica.nt, and i:1cludinn pa,;p counts, where appiicabi::i. It serves as evidence of rece,pt si:n:lar to a F'ost Ca.rd, as 

descriiJed in MPEP 50:3. 

New App!icat!ons Under 35 U.S.C. 11 i 

If a new a.pplica!ion is be,ng filed and !l,::i application inciuoes !l,::i necessary components for fiiing date (see Ti' CFH 1 S:3(b)··(d) 

and [\/1PEP 506), a Filing Receipt (37 CFR 1.54) wili be issued in due course and the oa.te sllm,vn on tl1is Acknowledqement 
Receipt will estab:ish tr1e filinq date of the application 

National Stage of an !ntemationa! Appl!cation under 35 U.S,C. 371 

I! a time!y submission to enter the nationai stane of an international application is complia.nt 11',tith the conditions ol 35 U.S.C. 

371 and otrier applicable requiremen!s a Form PCT/DO/EO/903 ,ndirnt:ng acceptance of the application as a national stage 
submission under 35 USC. 371 will be issueci in a.cldition to the Fi!inq F{eceipt, in cue course. 

New International App!icaUon Filed wm-i the USPTO as a Receiving Office 

ll a new interna!iona, app!ication is being !iled and the internationa! Hpplication includes Uie necessary cornponents !or an 
inte,national fiiinn oate {see PCT Article ·11 and MPEP 1810\ a I\Jotification of tl:e lnterna.tional Applica.tion f\Jumber and of tl:e 

International Fi lino Date (Form PCT/RO/105) vvill be issued in due course, subject to prescriptions concerning national security, 
and the da.ie shown on this Acknowledgement H,::eeip! ,Nill es!ablisl: the ,ntemationa! filin~J da.ie of !l:e application. 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 09/30/2025. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 16126947 
Filing Date September 10, 2018 

Jifeng ZHU 
First Named Inventor 

Title Word line contact structure for three-dimensional memory devices and 
fabrication methods thereof 

Art Unit 2812 
Examiner Name SCOTT GEYER 
Attorney Docket Number 2017-00285-YMTC-PCT-US 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Mark C. Zimmerman/ Date (Optional) July 3, 2024 
Name Mark C. Zimmerman Registration 44006 

Number 

Title (if Applicant is a Attorney for Applicant 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) Yangtze Memory Technologies Co., Ltd. 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4( d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

D *Total of forms are submitted. 

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an information 
collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid 0MB Control Number. The 0MB 
Control Number for this information collection is 0651-0035. Public burden for this form is estimated to average 3 minutes per response, including the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information collection. Send comments 
regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the Chief Administrative Officer, United 
States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email lnformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Doc Code: PA .. 
Document Description: Power of Attorney PTO/AIA/82B (07-13) 

Approved for use through 09/30/2025. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of Information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

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

□ 

1 •mng Date 

(Note: The boxes above may be left blank if information is provided on form PTO/AIN82A.) 

I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s). and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PT0/AIA/82A) or identified above: I I 
OR 34431 

'--------------~ 
I hereby appoint Practitioner(s) named in the attached list {form PT0/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PT0/AIA/82A) or identified above. (Nate: Complete form PT0/AIN82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated with the above-mentioned Customer Number 
OR 

□ The address associated with Customer Number: I I 
OR ~-------~-----~ 

□ Firmer 
Individual Name 

Address 

City 

Country 

Telephone 

I State I 

I Email I 
I am the Applicant (if the Applicant is a juristlc entity, list the Applicant name in the box): 

I Zip I 

!Yangtze Memory Technologies Co., Ltd. I 
D Inventor or Joint Inventor {title not required below) 

D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46{b)(2) was granted in the 
aaolication or is concurrentlv.8E!ing filed with this document) (provide signer's title if aoolicant is a juristic entitvl 

/ \ L /¢GNATURE of Applicant for Patent 

The undersigned (whose title is su~ ... -~:L.s authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature ~ r _;, ~ I Date (Optional) I 
Name TuenlaiY!Saniel Chan 

Title Deputy General Counsel, Head of Intellectual Property Department 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant. use multiple forms. 

OTatal of forms are submitted. 
A Federal agency may not conduct or sponsor, and a person Is not required to respond to, nor shall a person be subiect lo a penalty for failure lo comply wtlh an information 
collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid 0MB Con!rol Number. The 0MB Control 
Number for this information collection is 0651-0035. Public burden for this form is estimated to average 3 minutes per response, Including the time for reviewing instructions, 
searching existing data sources. gathering and maintaining the data needed. and completing and reviewing the information collection. Send comments regarding this burden 
estimate or any other aspect of this information collection. including suggestions for reducing this burden to the Chief Administrative Officer. United States Patent and 
Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email lnfomiationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. lrfiling this completed form by mail. send lo: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in compJeling the form, call 1-800-PTO-9199 and selecl option 2. 

] 
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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. 
The United States Patent and Trademark Office (USPTO) collects the information in this record 
under authority of 35 U.S.C. 2. The USPTO's system of records is used to manage all applicant 
and owner information including name, citizenship, residence, post office address, and other 
information with respect to inventors and their legal representatives pertaining to the 
applicant's/owner's activities in connection with the invention for which a patent is sought or has 
been granted. The applicable Privacy Act System of Records Notice for the information 
collected in this form is COMMERCE/PAT-TM-? Patent Application Files, available in the 
Federal Register at 78 FR 19243 {March 29, 2013}. https://www.govinfo.gov/content/pkg/ 
FR-2013-03-29/pdf/2013-07341.pdf 

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in 
the event that the system of records indicates a violation or potential violation of law; 2) a 
Federal, state, local, or international agency, in response to its request; 3) a contractor of the 
USPTO having need for the information in order to perform a contract; 4) the Department of 
Justice for determination of whether the Freedom of Information Act (FOIA) requires disclosure 
of the record; 5) a Member of Congress submitting a request involving an individual to whom 
the record pertains, when the individual has requested the Member's assistance with respect to 
the subject matter of the record; 6} a court, magistrate, or administrative tribunal, in the course 
of presenting evidence, including disclosures to opposing counsel in the course of settlement 
negotiations; 7) the Administrator, General Services Administration (GSA), or their designee, 
during an inspection of records conducted by GSA under authority of 44 U.S.C. 2904 and 2906, 
in accordance with the GSA regulations and any other relevant {i.e., GSA or Commerce) 
directive, where such disclosure shall not be used to make determinations about individuals; 8) 
another federal agency for purposes of National Security review (35 U.S.C. 181) and for review 
pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of Personnel Management 
(OPM) for personnel research purposes; and 9) the Office of Management and Budget (0MB) 
for legislative coordination and clearance. 

If you do not furnish the information requested on this form, the US PTO may not be able to 
process and/or examine your submission, which may result in termination of proceedings, 
abandonment of the application, and/or expiration of the patent. 

Additional Uses 

Additional US PTO uses of the information in this record may include disclosure to: 1) the 
International Bureau of the World Intellectual Property Organization, if the record is related to 
an international application filed under the Patent Cooperation Treaty; 2) the public i) after 
publication of the application pursuant to 35 U.S.C. 122(b ), ii) after issuance of a patent 
pursuant to 35 U.S.C. 151, iii} if the record was filed in an application which became 
abandoned or in which the proceedings were terminated and which application is referenced by 
either a published application, an application open to public inspections, or an issued patent, or 
iv) without publication of the application or patent under the specific circumstances provided for 
by 37 CFR 1.14(a)(1 )(v)-(vii); and/or 3) the National Archives and Records Administration, for 
inspection of records. 
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