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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. 4123.0350001 

PATENT APPLICATION First Named Inventor Jun LIU 

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 44 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. 

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

9960905 
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Addendum 

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

Inventors: LIU et al. 

Applicant: Yangtze Memory Technologies 
Co., Ltd. 

Application No.: To Be Assigned 

(Continuation of Appl. No. 
PCT/CN2018/097-132; Filed: July 27, 2018) 

Filed: Herei,Fith 

Confirmation No.: To Be Assigned 

Art Unit: To Be Assigned 

Examiner: To Be Assigned 

Atty. Docket: 4123.0350001 

Title: MULTIPLE-STACK THREE-DIMENSIONAL MEMORY DEVICE AND 
F'ABRICATION 1\1:ETHOD THEREOF 

Authorization to Treat a Reply as Incorporating an 
Extension of Time Under 37 C.RR. § 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 otherv,1ise provided for in such reply. 

Date: 9/10/18 

1100 New York Avenue, N.W. 
·washington, D.C. 20005-3934 
(202) 371-2600 
9960906 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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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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

The application data sheet is part of the provisional or 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 

Jun LIU 

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 

Zongliang HUO 

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 
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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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Prefix Given Name Middle Name Family Name Suffix 

Li Hong XIAO 

Residence Information (Select One) 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 

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/Province I 
Postal Code I I Countryi I CN 

Inventor 5 I Birn~ii l 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

Qian TAO 

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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

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

Prefix Given Name Middle Name Family Name Suffix 

Yushi HU 

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 

Sizhe LI 

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

City Wuhan, Hubei !country of Residence i 
I 

Mailing Address of Inventor: 

Address 1 Yangtze Memory Technologies Co., Ltd. 

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

City 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 

Zhao Hui TANG 

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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Yu Ting ZHOU 

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 

Zhaosong LI 

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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Application Information: 

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

Attorney Docket Number 4123.0350001 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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

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

Prior Application Status Pending I Rijij@i~ I 

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

Continuation of PCT/CN2018/097432 2018-07-27 

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

Foreign Priority Information: 

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

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

that is eligible for retrieval under the priority document exchange program (PDX)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) 

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. 

4123.0350001 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Applicant Information: 

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

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

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 4123.0350001 
Application Data Sheet 37 CFR 1. 76 

Application Number 

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

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
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lvHJLTIPLE-STACK THREE-DINIENSIONAL ~/IENIORY DEVICE AND 
FABRICATION lvIETHOD THEREOF 

BACKGROUND 

[0001] Flash memory devices have undergone rapid development. Flash memory devices 

can store data for a considerably long time without powering, and have advantages such as 

high integration level, fast access, easy erasing, and rewriting. To further improve the bit 

density and reduce cost of flash memory devices, three-dimensional NAND flash memory 

devices have been developed. 

[0002] A three-dimensional (3D) NAND memory device includes one or more stacks of 

word lines ( or gate electrodes) arranged over a substrate, with a plurality of semi conductor 

channels, through and intersecting word lines, into the substrate. A stack of word lines 

includes word lines of different levels/tiers stacking along a direction perpendicular to the 

substrate, where a different level/tier represents a different height from the surface of the 

substrate. 

[0003] A multiple-stack ( or multiple-level) 3D NAND memory device often includes 

multiple stacks of ,vord lines arranged along the direction perpendicular to the substrate. 

Channel holes are respectively fonned in each stack for the subsequent formation of 

semiconductor channels through the multiple-stack 3D memory device. This arrangement 

can have the advantages of: e.g., allowing rnore mernmy cells to be fonned along the 

direction perpendicular to the substrate, reducing the number of photomasks during staircase 

formation, and avoiding substrate over etch during high aspect ratio etches. To form this 

multiple-stack memory device, supporting pillars are used in the fabrication process to 

provide mechanical support and prevent pattern collapse. However, the fabrication processes 

of serni conductor channels and supporting pillars are time-consuming and costly. 

BRIEF SUl'v1MARY 

[0004] Embodiments of three-dimensional memory device architectures and fabrication 

methods therefore are disclosed herein. The disclosed structures and methods provide 

numerous benefits, including, but not lirnited to simplifying the fabrication process, reducing 
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the size of the three-dimensional memory device, and improving the space utility of the chip 

which the three-dimensional memory device is formed on. 

[0005] In some embodiments, a memory device includes a substrate and a multiple-stack 

staircase structure. The multiple-stack staircase structure can include a plurality of staircase 

stmctures stacked over the substrate. Each of the plurality of staircase stmctures can include 

a plurality of conductor layers, and each of the plurality of conductor layers is located 

between two insulating layers. In some embodiments, the memory device also includes a 

filling structure surrounding the multiple-stack staircase structure, a semiconductor channel 

extending through the nmltiple-stack staircase structure, and a supporting pillar extending 

through the multiple-stack staircase structure and the filling structure. The semiconductor 

channel can include unaligned sidewall surfaces, and the supporting pillar can include 

aligned sidewall surfaces. 

[0006] In some embodiments, the multi-stack staircase stmcture includes a first staircase 

stmcture over the substrate and a second staircase stmcture over the first staircase stmcture. 

[0007] In some embodiments, the supporting pillar extends from a top surface of the 

second staircase stmcture to a bottom surface of the first staircase structure. 

[0008] In some embodiments, supporting pillar and the semiconductor channel include 

same filling layers. 

[0009] In some embodiments, the supporting pillar and the semiconductor channel is 

each filled with at least one of a charge trapping film, a semiconductor channel film, and a 

dielectric core. 

[0010] In some embodiments, the supporting pillar and the semiconductor channel are 

filled with different filling layers. 

[OOH] In some embodiments, the supporting pillar is filled with at least one of an 

insulating material and a pillar-support material surrounded by the insulating material. In 

some embodiments, the semiconductor channel is filled with at least one of a charge trapping 

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

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

material includes at least one of copper, cobalt, nickel, and aluminum. 
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In some embodiments, the memory device further includes a joint insulating layer 

between the first staircase structure and the second staircase structure, and an insulating cap 

layer over the second staircase structure. 

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

semiconductor channel. 

[0015] In some embodiments, the memory device further includes a connection layer in 

the semiconductor channel between two adjacent staircase structures. The connection layer 

can include a doped semiconductor material, and portions of the semiconductor channel 

separated by the connection layer can each fom1 a semiconductor sub-channel. 

[0016] In some embodiments, a method for forming a memory device includes forming a 

plurality of dielectric stacks stacked on one another over a substrate to create a multiple-stack 

staircase structure. Each one of the plurality of dielectric stacks can include a plurality of 

dielectric pairs aITanged along a direction perpendicular to a top smface of the substrate. In 

some embodiments, the method further includes forming a multiple-stack staircase structure 

based on the plurality of dielectric stacks, forming a filling structure that surrounds the 

nmltiple-stack staircase structure, and forming a semiconductor channel extending through 

the multiple-staircase structure. The semiconductor channel can include unaligned sidewall 

surfaces. The method can further include forming a supporting pillar extending through at 

least one of the multiple-staircase stmcture and the filling structure. The supporting pillar can 

include aligned sidewall surfaces. 

[0017] In some embodiments, forming the supporting pillar includes forming a 

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

stmcture, and patterning the photoresist layer to form a patterned photoresist layer with an 

opening that exposes a portion of the filling structure. A location of the opening can 

correspond to a location of the supporting pillar. In some embodiments, fonning the 

supporting pillar further includes using the patterned photoresist layer as an etch mask to etch 

through at least one of the filling structure and the multiple-stack staircase structure to form a 

pillar hole, wherein a bottom of the pillar hole contacts the substrate, and filling the pillar 

hole with a first material. 

Atty Dkt No. 4123.0350001 

Micron Ex. 1002, p. 18 
Micron v. YMTC 
IPR2024-00790



- 4 -

[0018] In some embodiments, forming the semiconductor channel includes forming a 

first sub-channel hole in a first dielectric stack of the plurality of dielectric stacks and filling 

the first sub-channel hole with a sacrificial filling material to form a sacrificial filling 

structure. The method further includes forming a second dielectric stack over the first 

dielectric stack and forming a second sub-channel hole in the second dielectric stack. In some 

embodiments, the second sub-channel hole aligns with the sacrificial filling structure along 

the direction perpendicular to the top surface of the substrate and the second sub-channel 

hole adjoins the first sub-channel hole to fom1 a channel hole through the plurality of 

dielectric stacks and into the substrate. In sorne embodiments, the method also includes 

removing the sacrificial filling strncture in the first sub-channel hole, and filling the channel 

hole with a second material. 

[0019] In some embodiments, the first material is same as the second material and are 

formed by same fabrication operations, and the same fabrication operations includes 

sequentially depositing at least one of a charge trapping film, a semiconductor channel film, 

and a dielectric core into the channel hole and the pillar hole. 

[0020] In some embodiments, the pillar hole is formed before a fomrntion of the second 

sub-channel hole. 

[0021] In sorne ernbodiments, the pillar hole is fom1ed before the formation of the second 

sub-channel hole and after the sacrificial filling strncture. 

[0022] In some embodiments, the pillar hole is formed after a formation of the first sub-

channel hole and the second sub-channel hole. 

[0023] In some embodiments, the first material is different from the second material and 

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

[0024] In some embodiments, the first material includes at least one of an insulating 

rnaterial and a pillar-support material surrounded by the insulating material, and the second 

material includes at least one of a charge trapping film, a semiconductor channel film, and a 

dielectric core. 

[0025] In some embodiments, the insulating material includes silicon oxide and the 

pillar-support material includes at least one of copper, cobalt, nickel, and aluminum. 
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[0026] In some embodiments, forming the semiconductor channel includes forming a 

first semiconductor sub-channel in the first dielectric stack, fonning a connection layer over 

the first semiconductor sub-channel, wherein the connection layer comprises a doped 

semiconductor material, and forming a second dielectric stack and a second semiconductor 

sub-channel in the second dielectric stack. The second semiconductor sub-channel can align 

with and adjoin the first semiconductor sub-channel to form a semiconductor channel 

extending through the plurality of dielectric stacks and into the substrate. 

[0027] In some embodiments, forming the first semiconductor sub-channels includes 

forming a first sub-channel hole in the first dielectric stack of the plurality of dielectric stacks 

and depositing a second material into the first sub-channel hole. In some embodiments, 

forming the second semiconductor sub-channel hole includes forming the second dielectric 

stack over the first dielectric stack of the plurality of dielectric stacks and a second sub­

channel hole in the second dielectric stack, and depositing the second material into the 

second sub-channel hole. The second sub-channel hole can align with and adjoin the first 

sub-channel hole along the direction perpendicular to the top surface of the substrate. 

[0028] In some embodiments, the first material is same as the second material and are 

formed by same fabrication operations and the same fabrication operations includes 

sequentially depositing at least one of a charge trapping film, a semiconductor channel film, 

and a dielectric core into the channel hole and the pillar hole. 

[0029] In some embodiments, the pillar hole is formed before a fom1ation of the second 

sub-channel hole. 

[0030] In some embodiments, the pillar hole is fom1ed after the formation of the first 

semiconductor sub-channel and before the second sub-channel hole. 

[0031] In some embodiments, the pillar holes are formed after a formation of the first 

semiconductor sub-channel and the second sub-channel hole. 

[0032] In some embodiments, the first material is different from the second material and 

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

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

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

dielectric core. 

[0034] In some embodiments, the insulating material includes silicon oxide and the 

pillar-support material includes at least one of copper, cobalt, nickel, and aluminum. 

[0035] In some embodiments, the pillar hole is formed after a formation of the multiple-

stack staircase structure and the first sub-channel hole. 

[0036] In some embodiments, a method for forming a rnernory device includes 

depositing a plurality of dielectric stacks one another over a substrate to fom1 a multiple­

dielectric-stack structure. Each one of the plurality of dielectric stacks can include a plurality 

of first material layer and second material layer alternatingly arranged along a direction 

perpendicular to a top smface of the substrate. The method can also include forming a first 

semiconductor sub-channel in a first dielectric stack of the plurality of dielectric stacks, and 

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

stack. The method can further include forming a second semiconductor sub-channel in the 

second dielectric stack. The second semiconductor sub-channel can align with the first 

semiconductor sub-channel along the direction perpendicular to the top surface of the 

substrate. The method can further include patterning the multiple-dielectric-stack structure to 

form a multiple-stack staircase structure. 

[0037] In some embodiments, patterning the multiple-dielectric-stack structure includes a 

single staircase-forming patterning process. 

[0038] In some embodiments, the staircase-forming patterning process includes forming 

a photoresist layer over the multiple-dielectric-stack structure, trimming the photoresist layer 

along a first direction parallel to a top surface of the substrate, and etching the multiple­

dielectric-stack structure, using the trimmed photoresist layer as an etch mask to form a 

staircase. 

[0039] In some embodiments, forming the first semiconductor sub-channel and the 

second semiconductor sub-channel include forming a first sub-channel hole in the first 

dielectric stack and a second sub-channel hole in the second dielectric stack, and filling the 

first sub-channel hole and the second sub-channel hole each with channel-forming layer. 
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[0040] In some embodiments, the channel-forming materials include at least one of a 

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

[0041] In some embodiments, the method further includes forming a joint insulating 

material layer between the first dielectric stack, fonning an opening in the joint insulating 

material layer to expose the first semiconductor sub-channel, and performing a recess etch to 

remove a top portion of the channel-forming layers of the first semiconductor sub-channel 

and form a recess region. The method can also include forming a connection layer in the 

recess region and patterning the joint insulating material layer to form a joint insulating layer. 

[0042] In sorne embodiments, forming the connection layer includes depositing a doped 

semiconductor material. 

[0043] 

[0044] 

In some embodiments, the doped semiconductor material includes doped silicon. 

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

the second semiconductor sub-channel. 

BRIEF DESCRIPTION OF THE DRi\ \VING-S 

[0045] Aspects of the present disclosure are best understood from the followfog detailed 

description when read with the accompanying figures. It is noted that, in accordance with the 

common practice in the industry, various features are not drawn to scale. In fact, the 

dimensions of the various features may be arbitrarily increased or reduced for clarity of 

illustration and discussion. Multiple instances of an element may be duplicated where a 

single instance of the element is illustrated, unless absence of duplication of element is 

expressly described or clearly indicated otherwise. 

[0046] FIGs. 1-12 are each an illustration of a cross-sectional view of a 3D rnernory 

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

embodiments. 

[0047] FIG. 13 is an exemplary fabrication process to form a 3D memory device, 

according to some embodiments. 
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DETAILED DESCRIPTION 

[0048] Although specific configurations and arrangements are discussed, it should be 

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

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

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

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

applications. 

[0049] It is noted that references in the specification to ''one embodiment," "an 

embodiment," "an example embodiment," "some ernbodirnents," etc, indicate that the 

embodiment described may include a particular feature, structure, or characteristic, but every 

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

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

particular feature, structure or characteristic is described in connection with an embodiment, 

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

feature, structure or characteristic in connection with other embodiments whether or not 

explicitly described. 

[0050] In general, terminology may be understood at least in part from usage in context. 

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

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

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

Similarly, terms, such as "a," "an," or "the,'' again, may be understood to convey a singular 

usage or to convey a plural usage, depending at least in part upon context. 

[0051] 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 

rneans "directly on" something but also includes the meaning of "on" something with an 

intermediate feature or a layer therebet\veen, and that "above" or "over" not only means the 

meaning of "above" or "over" sornething but can also include the meaning it is "above" or 

"over'' something with no intermediate feature or layer therebetween (i.e., directly on 

something). 
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[0052] Further, spatially relative terms, such as ''beneath," "below," ''lower," ''above," 

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

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

spatially relative tem1s are intended to encompass different 01ientations of the device in use 

or operation in addition to the orientation depicted in the figures. The apparatus may be 

othen..vise oriented (rotated 90 degrees or at other orientations) and the spatially relative 

descriptors used herein may like\vise be interpreted accordingly. 

[0053] As used herein, the term "substrate" refers to a material onto which subsequent 

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

substrate can be patterned or can remain unpatterned. Furthermore, the substrate can include 

a wide aITay of semiconductor materials, such as silicon, germanium, gallium arsenide, 

indium phosphide, etc. Alternatively, the substrate can be made from an electrically non­

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

[0054] As used herein, the term "layer'' refers to a material portion including a region 

with a thickness. A layer can extend over the entirety of an underlying or overlying structure, 

or may have an extent less than the extent of an underlying or overlying structure. Further, a 

layer can be a region of a homogeneous or inhomogeneous continuous structure that has a 

thickness less than the thickness of the continuous structure. For example, a layer can be 

located between any pair of horizontal planes between, or at, a top smface 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. 

[0055] As used herein, the term "nominal/nominally" refers to a desired, or target, value 

of a characteristic or pararneter for a component or a process operation, set during the design 

phase of a product or a process, together with a range of values above and/or below the 

desired value. The range of values can be due to slight variations in manufacturing processes 

or tolerances. As used herein, the term "about'' indicates the value of a given quantity that 
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can vary based on a particular technology node associated with the subject semiconductor 

device. Based on the particular technology node, the term "about" can indicate a value of a 

given quantity that varies within, for example, 10---30% of the value (e.g., ,.±-.10%, ,.±-.20%, or 

±30% of the value). 

[0056] As used herein, the term "3D memory device" refers to a semiconductor device 

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

strings," such as NAND strings) on a laterally-oriented substrate so that the memory strings 

extend in the vertical direction 'vvith respect to the substrate. As used herein, the term 

"verticalivertically" means nominally perpendicular to the lateral surface of a substrate. 

[0057] In the present disclosure, for ease of description, "tier" is used to refer to elements 

of substantially the same height along the vertical direction. For example, a word line and the 

underlying gate dielectric layer can be referred to as "a tier," a sacrificial layer and the 

underlying insulating layer can together be referred to as "a tier," a word line and the 

underlying insulating layer can together be referred to as "a tier," word lines of substantially 

the same height can be referred to as "a tier of word lines" or similar, and so on. 

[0058] The trend in three-dimensional NAND memmy industry includes the reduction of 

device dimensions and the simplification of fabrication process. In a multiple-stack 3D 

memory device, word lines (control gate electrodes) of multiple stacks are arranged along a 

direction perpendicular to the top surface of a substrate. A "stack" refers to a pile of objects, 

arranged along a designated direction. These word lines are arranged to form a multiple-stack 

staircase structure. Memory cells for storing data are embedded in stacks of word lines, and 

the semiconductor channels formed through the stacks of word lines. This configuration 

allows more memory cells to be formed within a unit area. 

[0059] To form a multiple-stack 3D NA.ND memory device, word lines of different tiers 

in different stacks are formed by replacing sacrificial rnaterial layers with a conductive 

material in the multiple-stack staircase stmcture. Supporting pillars are formed through the 

multiple-stack staircase structure to prevent pattern collapse during the formation of word 

lines. In an example, multiple dielectric stacks or multiple stacks of dielectric pairs (e.g., 

sacrificial material layer/insulating material layer pairs) are formed sequentially along a 

direction perpendicular to the surface of a substrate. The multiple dielectric stacks can 
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include the same number of different numbers of dielectric stairs, e.g., 32 tiers, 48 tiers, and 

64 tiers. The dielectric stack at the bottom (e.g., a lower dielectric stack that is closest to the 

top surface of the substrate) is first formed, and sub-channel holes and sub-pillar holes are 

formed in this stack. A patterning process is performed on the dielectric pairs of the lower 

dielectric stack to form a staircase structure ( e.g., a lower staircase structure). Another 

dielectric stack is then formed over the lower dielectric stack and undergoes a similar 

fabrication process to form an upper staircase structure \vith sub-channel holes and sub-pillar 

holes. The sub-channel holes and the sub-pillar holes in the upper staircase structure align 

and adjoin the sub-channel holes and the sub-pillar holes in the lower staircase structure 

along the direction perpendicular to the surface of the substrate. The upper staircase structure 

and the lower staircase structure form the multiple-stack staircase structure. The adjoined 

sub-channel holes and adjoined sub-pillar holes are then filled with suitable materials to form 

semiconductor channels and supporting pillars, respectively. In the present disclosure, sub­

channel holes and sub-pillar holes respectively refer to the cavity structures formed in one 

dielectric stack/staircase structure, and are used to merely distinguish the channel hole and 

pillar hole (adjoined cavity structure) through the multiple-stack staircase structure. The 

terms ''sub-channel hole" and "sub-pillar hole" do not imply any difference in other aspects 

such as fabrication order or functions. 

[0060] In this fabrication process, dielectric stacks ( e.g., upper dielectric stack and lower 

dielectric stack) are patterned separately to form respective staircase structures (e.g., upper 

staircase structure and lower staircase structure), and separate photomasks are used to 

perform the patterning processes. Sub-channel holes and sub-pillar holes of different 

staircase structure are formed before the deposition of next die] ectric stack. Semiconductor 

channels and supporting pillars through the multiple-stack staircase structure are then often 

formed by respectively adjoining sub-channel holes and sub-pillar holes of adjacent dielectric 

staircase structures along the direction perpendicular to the surface of the substrate and filling 

the adjoined sub-channel holes and sub-pillar holes with suitable materials, such as materials 

that fill semiconductor channels. 

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

different photomask ( or a different set of photomasks) is often used to pattern sub-channel 
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holes and sub-pillar holes of each dielectric stack, the number of photomasks and 

corresponding photolithography operations used to form multiple-stack staircase structures 

can be undesirably large, increasing cost and processing time of the fabrication process. 

Second, because an upper dielectric stack is often formed after the formation of the lower 

staircase structure and its dielectric filling structure (e.g., the lower dielectric filling 

structure), processing ( e.g., etching) on the lower staircase and the lower dielectric filling 

structure often affect film qualities of the upper dielectric stack. For example, topography of 

the lower staircase and the lower dielectric filling structure can cause defects in the upper 

dielectric stack, adversely affect the film quality of the upper dielectric stack Third, sub­

channel holes and sub-pillar holes of the same dielectric stack often have different 

dimensions and are often formed from the same patterning/etching process, making it 

challenging to form them together with high uniformity, Further, because channel holes and 

pillar holes through the multiple-stack staircase structure are formed by adjoining sub­

channel holes and sub-pillar holes of each staircase structure along the direction 

perpendicular to the surface of the substrate, the etching and aligning of sub-channel holes 

and sub-pillar holes may require higher precision control. 

[0062] Inner side'vvall ( or sidewall) of a pillar hole through the memory structure can be 

formed by respectively adjoining sidewalls of supporting pillars of the multiple staircase 

structures stacked together. A supporting pillar formed by the fabrication processes described 

above can be referred to having an "adjoined/connected sidewall," which can include one or 

more connection portion formed by the adjoining of sub-pillar holes ( e.g., at the interface of 

two adjoined sidewalls). The sidewall can thus have unaligned ( or disjointed) surfaces at the 

connection portions. The unaligned surfaces can refer to the inconsistent hole dimensions 

caused by etching holes with high aspect-ratio (e.g., greater than 4). For example, 'vvhen a 

first sub-pillar hole adjoins a second sub-pillar hole underneath, the diarneter of the bottom of 

the first sub-pillar hole can be smaller than the diameter of the top of the second sub-pillar 

hole, creating unaligned surfaces along the vertical direction at the adjoining interface. In 

contrast, a pillar hole formed without adjoining sub-pillar holes can be referred to having a 

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

surfaces. 

[0063] For simplicity, the fabrication process of repeatedly etching dielectric pairs of a 

dielectric stack to from a staircase structure based on the dielectric stack is referred to as a 

"staircase-forming patterning" process. Each staircase-forming pattern can include a plurality 

of repeated etching/patterning of dielectric pairs of the respective dielectric stack. In some 

embodiments, two staircase-forming patterning processes are often ernployed to form a two­

stack staircase structure. 

[0064] The present disclosure describes structures and methods for forming a 3D 

memory device. According to the disclosed structures and methods, dielectric pairs of 

multiple stacks that form a multiple-stack memory device are patterned by one staircase­

forming patterning process to form the multiple-stack staircase structure. Etching of the 

dielectric pairs of the multiple dielectric stacks can be performed after the dielectric pairs of 

the multiple dielectric stacks are deposited. Pillar holes through the multiple-stack staircase 

structure can be formed after the formation of the multiple-stack staircase structures by one 

patterning process. Pillar holes can be formed, e.g., before or after the formation of the 

channel holes of the upper dielectric stack. Supporting pillars of the memory device can be 

formed by filling the pillar holes with any suitable materials, e.g , the same material that 

forms the semiconductor channels employing the film deposition of semiconductor channels. 

Similar processes can also be used to form supporting pillars in a double-channel memory 

device. 

[0065] By using the disclosed structures and methods, multiple-stack staircase structures 

can be formed by one staircase-forming patterning process, thereby avoiding multiple 

patterning of different dielectric stacks. A reduced number of photomasks and 

photolithography processes can be used to form nmltiple-stack staircase structures with 

semiconductor channels and supporting pillars. The formation of 3D memory devices can be 

simplified and less time consuming. Meanwhile, formation of supporting pillars is 

compatible with the formation of multiple-stack staircase structures. Less patterning is 

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

perfomrnnce. 

[0066] For illustrative purposes, a 3D NAND memory device is used to describe the 

present disclosure. The exemplary 3D NAND memory device includes an upper stack of 

word lines and a lower stack of word lines, which are respectively formed from an upper 

dielectric stack and a lower dielectric stack. The disclosed methods can be used to fonn any 

suitable nmltiple-stack memory device with an increased nmnber of stacks. In various 

embodiments, the upper dielectric stack can represent the last dielectric stack of the multiple 

dielectric stacks. 

[0067] In the present disclosure, a ''staircase structure" or a "stepped cavity structure," or 

similar refer to a structure having stepped surfaces. In the present disclosure, "stepped 

surfaces" refer to a set of surfaces that include at least two horizontal surfaces ( e.g., along x-y 

plane) and at least two (e.g., first and second) vertical surfaces (e.g., along the z axis) such 

that each horizontal surface is adjoined to a first vertical surface that extends upward from a 

first edge of the horizontal surface, and is adjoined to a second vertical surface that extends 

dowmNard from a second edge of the horizontal surface. A "step" or "staircase" refers to a 

vertical shift in the height of a set of adjoined surfaces. In the figures of the present 

disclosure, x axis propagates along a direction perpendicular to the y-z plane. 

[0068] In the present disclosure, a dielectric stack or a stack of dielectric pairs refers to a 

pile of ( or a plurality of) dielectric pairs stacked along the direction perpendicular to the top 

surface of the substrate. The dielectric stack can undergo a patterning and/or etching process 

to form a staircase structure. For example, a lower/bottom dielectric stack can be 

patterned/etched to form a lower/bottom staircase structure, and so on. Accordingly, multiple 

dielectric stacks, one on top of another over the substrate, can be patterned/etched to form a 

nmltiple-stack staircase structure. Channel holes formed in each staircase structure can align 

'vvith and adjoin channel holes of adjacent (e.g., upper or lmver) staircase stmcture to form 

adjoined/combined channel holes through the nmltiple-stack staircase structure. The term 

"through" an object refers to being from the top surface/portion to the bottom surface/portion 

of the object. For example, channel holes through each staircase structure can be adjoined to 

form channel holes through the multiple-stack staircase structure, and pillar holes can be 
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formed to be through the memory structure. For descriptive simplicity, "multiple-stack 

staircase structure" can be interchangeable with "staircase structure" in the embodiments. 

[0069] Fabrication processes to form a 3D memory device are illustrated. FIGs. 1-6 

illustrate exemplary processes to form supporting pillars through a multiple-stack staircase 

structure of a 3D multiple-stack memory device, and Fl Gs. 7-12 illustrate an exemplary 

process to form the multiple-stack staircase structure in the 3D multiple-stack memory 

device. 

[0070] FIG. 1 illustrates a cross-sectional view of a memory structure 100 at the 

beginning of a fabrication process to form a 3D NAND mernmy device, according to some 

embodiments. As shown in FIG. 1, memory structure 100 includes a substrate 107, a first 

doped region 106 in substrate 107, a second doped region 105 in first doped region 106, a 

dielectric layer 104 over substrate 107, a plurality of transistors 108 over substrate 107 and 

covered by an isolation layer l 09, and a first dielectric stack l 03 over dielectric layer 104 

and isolation layer 109. Memory structure 100 can be divided into a core region 110 and a 

periphery region 120, for illustrative purposes. Periphery region 120 can include the plurality 

of transistors 108 for providing control signals and can surround core region 110. Periphery 

region 120 can also be under core region 110, depending on the type of the memory device. 

[0071] In core region 110, first dielectric stack 103 ( e.g., lower dielectric stack) can 

include a plurality of dielectric pairs repeatedly arranged along a direction perpendicular to 

the top surface of substrate 107 ( e.g., the z axis). A dielectric pair can include a sacrificial 

material layer and an insulating material layer. First dielectric stack 103 can include 

sacrificial material layers and insulating material layers altematingly stacked along the z axis. 

In a dielectric pair, 102 and 101 can each be one of a sacrificial material layer and an 

insulating material layer. In the present disclosure, 102 represents an insulating material layer 

and 101 represents a sacrificial rnaterial layer. The sacrificial material layers 101 and the 

insulating material layers 102 can include different materials. In some embodiments, 

sacrificial material layers 101 includes silicon nitride and insulating material layers 102 

include silicon oxide. In subsequent fabrication processes, memory cells can be formed in 

core region 110. In some embodiments, dielectric layer 104 is a gate dielectric layer and 

includes a suitable oxide, e.g, silicon oxide. 
Atty Dkt No. 4123.0350001 

Micron Ex. 1002, p. 30 
Micron v. YMTC 
IPR2024-00790



- 16 -

[0072] Periphery region 120 includes any peripheral devices ( e.g., represented by 

transistors 108), isolation layer 109 over the peripheral devices, and a plurality of dielectric 

pairs repeatedly arranged over the peripheral devices. Isolation layer 109 can include any 

suitable insulating mate1ials (e.g., silicon oxide) and can protect and isolate the peripheral 

devices from other devices or structures. In some embodiments, first doped region 106 

includes a deep N-well (DNvV) and second doped region 105 includes a high-voltage P well 

(HVP\V). For illustrative purposes, only elements relevant to the present disclosure are 

depicted and labeled in the figures. In some embodiments, peripheral devices are formed 

prior to the deposition of first dielectric stack 103. Due to the height of the peripheral 

devices, dielectric pairs of first dielectric stack 103 can have a vertical shift in the height 

between core region 110 and peripheral region 120. 

[0073] In some embodiments, substrate 107 includes any suitable material for forming 

the three-dimensional memory device. For example, substrate 107 can include silicon, silicon 

germanium, silicon carbide, silicon on insulator (SOI), germanium on insulator (G-OI), glass, 

gallium nitride, gallium arsenide, and/or other suitable III-V compound. First doped region 

106 and second doped region 105 can each be formed by a suitable doping process such as 

ion implantation. 

[0074] Mernory structure 100 provides the base for the fabrication of the 3D rnemory 

device and can be formed using any suitable processes. For example, memory structure 100 

can be formed by depositing a dielectric material stack (not shown) over substrate 107 and 

planarizing the dielectric material stack. In some embodiments, substrate 107 with first doped 

region 106 and second doped region 105 is provided, and peripheral devices ( e.g., the 

plurality of transistors 108) and isolation layer 109 are formed over substrate 107. A 

dielectric film can be deposited over substrate 107 and patterned to form dielectric layer 104. 

A dielectric material stack can be fom1ed over dielectric layer 104 and isolation layer 109 by 

aiternatingly depositing insulating material layers 102 and sacrificial material layers 101 over 

substrate 107. Sacrificial rnaterial layer 101 and insulating material layer 102 can have same 

or different thicknesses. A sacrificial material layer 101 can include any suitable material 

different from an insulating material layer 102. For example, in some embodiments, 

sacrificial material layers 101 can include poly-crystalline silicon, silicon nitride, poly-
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crystalline germanium, and/or poly-crystalline germanium-silicon. In some embodiments, 

sacrificial material layers 101 include silicon nitride. Insulating material layers 102 can 

include any suitable insulating materials, e.g, silicon oxide. The deposition of sacrificial 

material layers 101 and insulating material layers 102 can include any suitable deposition 

methods such as plasma-enhanced CVD (PECVD), sputtering, atomic layer deposition 

(ALD), and so on. 

[0075] Further, a planarization process can be performed to planarize the dielectric 

material stack into a suitable thickness. First dielectric stack l 03 can thus be formed. In some 

embodiments, the top surface of core region 110 levels with the top surface of periphery 

region 120. In some embodiments, sacrificial material layer 101 is exposed in core region 

110 by the planarization process. In some embodiments, the planarization process includes a 

chemical mechanical planarization (CMP) process. 

[0076] FIG. 2 illustrates a cross-sectional view of memory structure 200 formed based on 

memory structure 100, according to some embodiments. As shown in FIG. 2, memory 

structure 200 can be formed by forming a plurality of first sub-channel holes 205 in first 

dielectric stack 103, filling first sub-channel holes 205 with a sacrificial filling stmcture 207, 

and forming a second dielectric stack 206 (e.g., upper dielectric stack) over first dielectric 

stack 103 First dielectric stack 103 and second dielectric stack 206 can form two-stack 

dielectric stack 203 (the term ''dielectric stack 203" can also refer to two-stack dielectric 

stack 203). For illustrative purposes, memory structure 200 is divided into core region 210 

and periphery region 220, each respectively corresponding to core region 110 and periphery 

region 120 of FIG. 1. In some embodiments, the top surface of core region 210 levels with 

the top surface of periphery region 220. 

[0077] Memory structure 200 can be formed using any suitable processes. In some 

embodiments, first sub-channel holes 205 are first fonned in first dielectric stack 103 before 

second dielectric stack 206 is deposited thereon. First sub-channel holes 205 can be fom1ed 

by, e.g., patterning a photoresist layer using photolithography over first dielectric stack 103 

to form openings in the patterned photoresist layer, and performing an etching process to 

remove the dielectric materials in first dielectric stack l 03 defined by the openings. The 

locations of the openings can correspond to the locations of first sub-channel holes 205. The 
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etching process can include any suitable wet etch and/or dry etch. In some embodiments, an 

anisotropic etch is performed to remove the materials vertically (e.g., along the z axis). First 

sub-channel holes 205 can extend through first dielectric stack 103 and substantially into 

second doped region 105 and/or extend into substrate 107. In some embodiments, first sub­

channel holes 205 can have a substantially rectangular cross-section shape. In some 

embodiments, first sub-channel holes 205 can have a substantially trapezoidal cross-section 

shape. In some embodiments, the horizontal dimension (e.g., along the x axis) of first sub­

channel hole 205 can, e.g., decrease towards the substrate due to fabrication processes. Any 

variation of the shape of first sub-channel hole 205 is still within the scope of the present 

disclosure. 

[0078] A sacrificial filling material can further be deposited to fill in first sub-channel 

holes 205 Any suitable deposition process can be performed to deposit the sacrificial filling 

material into first sub-channel holes 205 and other areas over first dielectric stack l 03. The 

sacrificial filling material deposited in first sub-channel hole 205 can form sacrificial filling 

structure 207. Any suitable planarization method (e.g., C:MP) and/or recess etch (e.g., dry 

etch and/or wet etch) can be performed to remove any excessive sacrificial filling material 

over first dielectric stack 103. The sacrificial filling material can include any suitable non­

conductive material (e.g., amorphous silicon, polysilicon, silicon gennanium, amorphous 

carbon, silicon nitride, diamond-like carbon, and porous organosilicate glass), and can be 

deposited by any suitable deposition method such as C:VD and/or spin coating. 

[0079] In some embodiments, an insulating layer (not shown in FIG. 2) can be deposited 

over first dielectric stack 103. The insulating layer can include a suitable insulating material 

such as one or more materials that form first dielectric stack 103. The insulating layer can be 

formed before the formation of first sub-channel holes 205 or after the deposition of the 

sacrificial filling material. If the insulating layer is formed before the formation of first sub­

channel holes 205, the formation of first sub-channel holes 205 can include forming openings 

in the insulating layer and removing portions of first dielectric stack 103 exposed by the 

openings. A suitable planarization method (e.g., CMP) and/or recess etch (e.g., dry etch 

and/or wet etch) can be perfom1ed to remove any excessive material of the insulating layer 

over first dielectric stack 103. 
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[0080] In some embodiments, a channel epitaxial portion 204 can be formed at the 

bottom of a first sub-channel hole 205 by a suitable deposition process. Channel epitaxial 

portion 204 can function as a portion of a semiconductor channel. For example, a selective 

epitaxial deposition can be perfom1ed to deposit a semiconductor material at the bottom of 

first sub-channel hole 205. In some embodiments, channel epitaxial portion 204 includes a 

single crystalline semiconductor in epitaxial alignment (e.g., same crystal orientation) with 

second doped region 105. In some embodiments, channel epitaxial portion 204 includes 

single crystalline silicon. The top surface of channel epitaxial portion 204 can be between a 

pair of sacrificial material layers l 0 1 and the periphery of epitaxial channel portion 204 can 

be in physical contact with insulating material layers i 02. 

[0081] Further, second dielectric stack 206 can be formed over first dielectric stack 103. 

In some embodiments, second dielectric stack 206 is formed over core region 210 and 

periphery region 220. Second dielectric stack 206 can include a plurality of dielectric pairs, 

each including a sacrificial material layer 201 and an insulating material layer 202. Sacrificial 

material layers 201 and insulating material layers 202 can be arranged alternatingly along the 

z axis. First dielectric stack 103 and second dielectric stack 206 can form a dielectric stack 

203. The structure and deposition methods to form second dielectric stack 206 can refer to 

the structure and deposition methods of first dielectric stack 103 

[0082] FIG. 3 illustrates an exemplary memory structure 300 formed based on memory 

structure 200, according to some embodiments. As shown in FIG. 3, memory structure 300 

can be formed by forming a two-stack staircase structure 303 from dielectric stack 203, 

filling space formed by the formation of staircase structure 303 with a dielectric filling 

stmcture 311, and forming a plurality of pillar holes 309. For illustrative purposes, memory 

stmcture 300 is divided into core region 310 and periphery region 320, each respectively 

corresponding to core region 210 and periphery region 220 of FIG. 2. 

[0083] The portion of dielectric stack 203 in periphery region 320 can be removed and 

the top surface of isolation layer 109 can be exposed. Staircase structure 303 can be formed 

by repetitively patterning/etching sacrificial material layers 201 and insulating material layers 

202 of dielectric stack 203 in core region 310. Dielectric pairs of different tiers can be etched 

to form staircases extending along the x-y plane. Each staircase can include an insulating 
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layer (e.g., 302) and a pairing sacrificial layer ( e.g., 301). The dielectric stacks can be 

patterned/etched through one staircase-forming patterning process to form staircase structure 

303 (or multiple-stack staircase structure 303 or two-stack staircase structure 303). Details of 

the formation of staircase structure 303 are described in FIGs. 7-12. 

[0084] Further, a dielectric filling material can be deposited after staircase stmcture 303 

is formed to fill in the space formed by the removal of the portions of dielectric stack 203. 

Dielectric filling structure 311 is deposited in periphery region 320 and core region 310 to fill 

in the space formed by the removal of the portions of dielectric stack 203. A suitable 

planarization method (e.g., CMP and/or recess etch) can be performed to rernove any 

excessive dielectric filling material overlying the topmost surface of staircase structure 303. 

The remaining portion of the deposited dielectric filling material (e.g., over staircase 

structure 303 and isolation layer 109) can form dielectric filling structure 311 that surrounds 

staircase structure 303. Dielectric filling structure 311 can be retro-stepped. In the present 

disclosure, a retro-stepped element refers to an element that has stepped surfaces and a 

horizontal cross-section area that increases monotonically as a function of a vertical distance 

from a top surface of a substrate on \vhich the element is present. Dielectric filling structure 

311 can include any suitable dielectric material that provides electrical insulation for 

staircase structure 300 and can be deposited by any suitable deposition methods such as 

CVD, 1'.\LD, and/or PVD. In some embodiments, dielectric filling structure 311 includes 

silicon oxide and is formed by CVD. An insulating cap material layer can be deposited to 

cover staircase stmcture 303 and dielectric filling structure 311. The insulating cap material 

layer can have sufficient thickness along the z axis to allow drain regions to be fom1ed 

within. The insulating cap material layer can include any suitable insulating material such as 

silicon oxide. 

[0085] Further, pillar holes 309 can be formed in memory structure 300. Pillar holes 309 

can be formed in any suitable location in core region 310, e.g., intersecting with staircase 

stmcture 3 03. In some embodiments, pi Har holes 3 09 can be formed adjacent to first sub­

chann el holes 205. In some embodiments, pillar holes 309 can be formed in the staircase 

structure. In some embodiments, some pillar holes 309 can be formed in a portion of 

peripheral region 320. Pillar holes 309 can be formed by, e.g., patterning a photoresist layer 
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using photolithography over the insulating cap material layer over staircase structure 303 and 

dielectric filling structure 311 to form openings in the patterned photoresist layer that 

correspond to the locations of pillar holes 309, and performing an etching process ( e.g., using 

the patterned photoresist layer as an etch mask) to remove the portions of insulating cap 

material layer and portions of staircase structure 303 exposed/defined by the openings. The 

etching process can include any suitable wet etch and/or dry etch. In some embodiments, an 

anisotropic etch is performed to etch portions of the insulating cap material layer, staircase 

structure 303 and dielectric filling structure 311 to form pillar holes 309. The patterned 

photoresist layer can then be removed after the formation of pillar holes 309. Insulating cap 

layer 312 can then be formed. Pillar hole 309 can extend from a top surface of insulating cap 

layer 312 to substrate 107. The cross-section of pillar hole 309 along the x-z plane can have a 

trapezoid shape. In some embodiments, a horizontal dimension (e.g., along the x axis) of 

pillar hole 309 can, e.g., decrease towards the substrate due to fabrication processes. Any 

variation of the shape of pillar hole 309 is still within the scope of the present disclosure. In 

some embodiments, pillar holes 309 are formed before the formation of second sub-channel 

holes of upper dielectric stack. In some embodiments, pillar holes 309 are formed after the 

formation of second sub-channel holes of upper dielectric stack. 

[0086] FIG. 4 illustrates an exemplary memory structure 400 formed based on memory 

structure 300, according to some embodiments. As shown in FIG. 4, memory structure 400 

can be formed by forming a plurality of second sub-channel holes over first sub-channel 

holes 205, filling the first and second sub-channel holes and pillar holes 309 to form 

semiconductor channels 415 and supporting pillars 409, and forming drain regions 419 over 

semiconductor channels 415 and dummy drain regions 414 over supporting pillars 409. For 

illustrative purposes, core region is described in FIG. 4. 

[0087] To fonn second sub-channel holes, a photoresist layer can be formed over 

insulating cap layer 410. The photoresist layer can cover/close the top portions of pillar holes 

309 so that the subsequent etching of second sub-channel holes has little or no impact on 

pillar holes 309. The photoresist layer can then be patterned to form openings that expose 

portions of insulating cap layer 410 and correspond to the locations of the second sub­

channel holes. The patterned photoresist layer can be used as an etch mask to remove 
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portions of insulating cap layer 410 and portions of staircase structure 303 exposed/defined 

by the openings. Insulating cap layer 410 can be formed. The horizontal projection (e.g., on 

the x-y plane) of the second sub-channel holes can substantially overlap with the horizontal 

projection of first sub-channel holes 205. In some embodiments, the second sub-channel 

holes substantially align with respective first sub-channel holes 205 along the z axis. In some 

embodiments, the number of second sub-channel holes equals to the number of first sub­

channel holes 205, and the horizontal prqjection of each second sub-channel hole overlaps 

'vvith the horizontal projection of a respective first sub-channel hole 205 underneath. The 

patterned photoresist layer can then be removed after the formation of the second sub­

channel holes. 

[0088] In some embodiments, the second sub-channel holes can each adjoin respective 

first sub-channel hole 205 so that the formed channel hole combines the volumes of first sub­

channel hole 205 and the respective second sub-channel hole, and extends through staircase 

stmcture 303. In some embodiments, the bottom of second sub-channel hole exposes 

sacrificial filling stmcture 207 of the respective first sub-channel hole 205. 

[0089] Inner sidewall (or sidewall) of a channel hole extending through staircase 

structure 303 can be formed by respectively adjoining sidewalls of first sub-channel holes 

205 and respective second sub-channel holes stacked together A semiconductor channel 

formed by these fabrication operations can be referred to having an ''adjoined/connected 

sidewall," which can include one or more connection portion formed by the adjoining of sub­

pillar holes (e.g., at the interface of two adjoined sidewalls). The sidewall can thus have 

unaligned surfaces at the connection portions. The unaligned surfaces can refor to the 

inconsistent hole dimensions caused by etching holes with high aspect-ratio (e.g., greater 

than 4). For example, when a second sub-channel hole adjoins a first sub-channel hole, the 

diameter of the bottom of the second sub-channel hole can be smaller than the diameter of 

the top of the first sub-pillar hole, creating unaligned smfaces along the vertical direction at 

the adjoining interface. In contrast, a channel hole formed without adjoining sub-pillar holes 

can be referred to having a sidewall of aligned surfaces. For example, the channel hole 

formed by the present disclosure can extend through the memory structure and can have 

unaligned sidewall surface. 
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[0090] Sacrificial filling structures 207 can then be removed by a suitable etching process 

(e.g., dry etch and/or wet etch). For example, a selective etch can be performed. The selective 

etch can be an isotropic etching process or an anisotropic etching process. 

[0091] Further, channel holes and pillar holes 309 can be filled by the same fabrication 

operations (e.g., at the same time). A series of channel-forming layers can be sequentially 

deposited into the channel holes ( e.g., having the combined volume of first sub-channel holes 

205 and adjoined second sub-channel holes) and pillar holes 309 to fill in the channel holes 

and pillar holes 309. 

[0092] In sorne embodiments, a charge trapping film 416 (e.g., or sacrificial film) is 

deposited over the side'vvall of channel holes and pillar holes 309. Charge trapping film 416 

can include one or more block dielectric layers over the sidewall of channel hole to insulate 

other layers in the channel hole from staircase structure 303. Charge trapping film 416 can 

also include a storage unit layer (memory layer) over and smTmmded by the block dielectric 

layers for trapping charges and forming a plurality of charge storage regions along the z axis. 

Charge trapping film 416 can also include a tunneling layer (e.g., tunneling dielectric) over 

and surrounded by the memory layer Charge tunneling can be perfonned through the 

tunneling layer under a suitable electric bias. 

[0093] The one or more block dielectric layers can include a first block layer, which 

includes a dielectric metal oxide layer 'vvith a relatively high dielectric constant. The term 

"metal oxide" can include a metallic element and non-metallic elements such as oxygen, 

nitrogen, and other suitable elements. For example, the dielectric metal oxide layer can 

include aluminum oxide, hafnium oxide, lanthanum oxide, yttrium oxide, tantalum oxide, 

silicates, nitrogen-doped compounds, alloys, etc. The first block layer can be deposited, for 

example, by CVD, 1'.\LD, pulsed laser deposition (PLD), liquid source misted chemical 

deposition, and/or other suitable deposition methods. 

[0094] The one or more block dielectric layers can also include a second block layer, 

which includes another dielectric layer over the dielectric metal oxide. The other dielectric 

layer can be different from the dielectric metal oxide layer. The other dielectric layer can 

include silicon oxide, a dielectric metal oxide having a different composition than the first 

block layer, silicon oxynitride, silicon nitride, and/or other suitable dielectric materials. The 
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second block layer can be deposited, for example, by low pressure chemical vapor deposition 

(LPCVD), ALD, CVD, and/or other suitable deposition methods. In some embodiments, the 

one or more block dielectric layers include silicon oxide, which is formed by CVD. 

[0095] The storage unit layer can be sequentially formed over the one or more block 

dielectric layers. The storage unit layer can include a charge trapping material, e.g., a 

dielectric charge trapping material (e.g., silicon nitride) and/or a conductive material (e.g., 

doped polysilicon). In some embodiments, the dielectric charge trapping material includes 

silicon nitride and can be formed by CVD, ALD, PVD, and/or other suitable deposition 

methods. 

[0096] The tunneling layer can be sequentially formed over the memory layer. The 

tunneling layer can include silicon oxide, silicon nitride, silicon oxynitride, dielectric metal 

oxides, dielectric metal oxynitride, dielectric metal silicates, alloys, and/or other suitable 

materials. The tunneling layer can be formed by CVD, i\LD, PVD, and/or other suitable 

deposition methods. In some embodiments, the tunneling layer includes silicon oxide, which 

is fom1ed by CVD. 

[0097] Further, a semiconductor channel film 417 can be formed over charge trapping 

film in channel holes and pillar holes 309. Semiconductor channel film 417 can include one 

or more layers of any suitable semiconductor materials such as silicon, silicon germanium, 

germanium, III-V compound material, II-VI compound material, organic semiconductor 

material, and/or other suitable semiconductor materials. Semiconductor channel film 417 can 

be formed by a suitable deposition method such as metal-organic chemical vapor deposition 

(MOCVD), LPCVD, CVD, and/or other suitable deposition methods. In some embodiments, 

semiconductor channel film 417 is formed by depositing a layer of amorphous silicon using 

CVD, followed by an annealing process such that the amorphous silicon is converted to 

single-crystalline silicon. In some embodiments, other arnorphous material can be annealed 

to be crystallized to form semiconductor channel film 417. 

[0098] Further, dielectric core 418 can be formed by depositing a suitable dielectric 

material over semiconductor channel films in channel holes and pillar holes. Dielectric core 

418 can fill in the space at the center of the channel hole and the pillar hole. Dielectric core 

418 can include a suitable dielectric material such as silicon oxide and/or organosilicate 
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glass. Dielectric core 418 can be formed by a suitable conformal deposition method ( e.g., 

LPCVD) and/or self-planarizing deposition method (e.g., spin coating). In some 

embodiments, dielectric core 418 includes silicon oxide and is formed by LPCVD. In some 

embodiments, a suitable planarization process (e.g., CMP and/or recess etch) is performed to 

remove any excessive materials over the top of staircase structure 303. 

[0099] \,Vhen different layers (e.g., charge trapping film 416, semiconductor channel film 

417, and dielectric core 418) are being formed in the channel holes, the materials for forming 

those layers can also be respectively deposited in pillar holes 309. Because these layers have 

little or no active electrical functions, for illustrative purposes, these layers in pillar holes 309 

are referred to as dummy charge trapping films 411, dummy semiconductor channel films 

417, and dummy dielectric cores 413. Supp01iing pillars 409 can thus be formed. 

[0100] Further, top port.ions of supporting pillars 409 and semiconductor channels 415 

can be removed by any suitable recess etching processes. In some embodiments, a selective 

etch is performed to remove top portions of supporting pillars 409 and semiconductor 

channels 415. In some embodiments, the depth of the recess region is substantially equal to 

the thickness of insulating cap layer 410. 

[0101] Further, drain regions 419 ( e.g., over semiconductor channels 4 l 5) and dummy 

drain regions 414 (e.g., over supporting pillars 409) can be fonned in the recess regions. 

Drain regions 419 and dummy drain regions 414 can be formed by, e.g., depositing a doped 

semiconductor material in the recess regions. The deposition can include any suitable 

deposition methods, such as CVD and/or area selective deposition (ASD). Optionally, an ion 

implantation process is employed to adjust the doping level of the recess region. The doped 

semiconductor material can include, for example, doped polysilicon. The doped 

semiconductor material can have a conductivity type that is opposite from the conductivity 

type of substrate 107. Excess portions of the deposited doped semiconductor rnaterial can be 

removed from above the top surface of insulating cap layer 410 by, e.g., CMJ> and/or a recess 

etch. 

[0102] FIG. 5 illustrates an exemplary memory structure 500 formed based on memory 

structure 200, according to some embodiments. Different from memory structure 400, in 

memory stmcture 500, pillar holes 509 can be formed after the formation of staircase 
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structure 303, semiconductor channels 501, and drain regions 505. Semiconductor channels 

501, drain regions 505, and insulating cap layer 510 can respectively be the same as or 

similar to semiconductor channels 415, drain regions 419, and insulating cap layer 410 of 

FIG. 4. Charge trapping film 502, semiconductor channel film 503, and dielectric core 504 

can be respectively the same as or similar to charge trapping film 416, semiconductor 

channel film 41 7, and dielectric core 418 of FIG. 4. 

[0103] In an exarnple, after the formation of dielectric filling structure 311 and the 

insulating cap material layer, second sub-channel holes can be formed in staircase structure 

303. The second sub-channel holes can be the same as or similar to the second-channel holes 

depicted in FIG. 4. The second sub-channel holes can be formed by any suitable process. For 

example, a photoresist layer can be formed to cover at least a top surface of staircase 

structure 303. The photoresist layer can be patterned to form openings that expose portions of 

the insulating cap material layer. The locations of the openings can correspond to the 

locations of the second sub-channel holes. The patterned photoresist layer can then be used 

as an etch mask to remove portions of exposed insulating cap material layer and staircase 

structure 303 to form second sub-channel holes each extending from the top surface of the 

insulating cap layer 510 to the respective first sub-channel hole. Channel holes that extend 

from the top surface of the staircase structure 303 into substrate 107 can be fonned. The 

patterned photoresist layer can be removed after the formation of the second sub-channel 

holes. 

[0104] Channel-forming layers (similar to or the same as the channel-forming layers 

depicted in FIG. 4) can be formed to fill in the channel holes and form semiconductor 

channels 501 Further, top portions of semiconductor channels 501 can be removed and filled 

with a doped semiconductor material (e.g., doped polysilicon) to form drain regions 505. 

Drain regions 505 can have a thickness that is substantially the same as the insulating cap 

layer 510. A patterned photoresist layer with openings that define the locations of the pillar 

holes 509 can then be formed over the insulating cap layer 510. In sorne ernbodirnents, the 

openings expose portions dielectric filing structure 311 A suitable etching process ( e.g., dry 

etch and/or wet etch) can be performed (e.g., using the patterned photoresist layer) to remove 

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

structure 311. 

[0105] Any suitable pillar-fi !ling materials ( e.g., insulating materials such as silicon 

oxide and/or silicon nitride) can be deposited to fill in pillar holes 509 and form supporting 

pillars. In some embodiments, the pillar-filling materials can include pure dielectric materials 

such as pure silicon oxide and/or pure silicon nitride. In some embodiments, suitable 

dopants/irnpurities can be doped into the silicon oxide and/silicon nitride to enhance support. 

In some embodiments, the pillar-filling material includes an insulating liner/spacer layer is 

formed over the sidewalls of pillar holes 509 and another support material that fills up the 

rest of pillar holes 509. In some embodiments, the insulating liner/spacer layer surrounds the 

support material. Any suitable material with sufficient stiffness and/or support functions can 

be used as the support material For example, the support material can include one or more of 

copper, cobalt, nickel, and aluminum. 

[0106] FIG. 6 illustrates another memory structure 600 formed based on memory 

structure 200, according to some embodiments. Different from memory structures 400 and 

500, memory structure 600 (e.g., multiple-channel structure) can include semiconductor 

channels each including more than one semiconductor sub-channels stacked along the z axis. 

Multiple-channel structure can further increase mernmy cell density of the 3D memory 

device. In some embodiments, as shown in FIG. 6, semiconductor channel 601 extends 

through staircase structure 603 and includes semiconductor sub-channel 601-1 (e.g., formed 

in the lower staircase structure) and 601-2 (e.g., formed in the upper staircase structure). 

Semiconductor sub-channels 601-1 and 601-2 can be connected by a connection layer 606. In 

some embodiments, semiconductor sub-channels (e.g., 601-1 and 601-2) have same or 

similar functions as semiconductor channels 415 and 501 ofFIGs. 4 and 5. 

[0107] In an exarnple, supporting pillars 613 can be fonned by similar fabrication 

operations as in FIGs. 1-5. That is, pillar holes can be formed before or after the formation of 

sub-channel holes that fom1 semiconductor sub-channels 601-2. The filing of the pillar holes 

can be performed at the same time with or after the filling of sub-channel holes of 

semiconductor sub-channels 601-2. 
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[0108] In contrast to the fabrication operations illustrated in FIG-s. 1-4, to form memory 

structure 600, before the deposition of second dielectric stack (e.g., upper dielectric stack), 

semiconductor sub-channels 601-1 can be formed in the first dielectric stack (e.g., iower 

dielectric stack) before the deposition of second dielectric stack (e.g., upper dielectric stack). 

In the description of FIG. 6, the first dielectric stack and the second dielectric stack ( e.g., the 

same as or similar to first dielectric stack 103 and second dielectric stack 206) can each 

include a plurality of altematingly arrnnged sacrificial material layers and insulating rnaterial 

layers. In some embodiments, semiconductor sub-channels 601-2 are formed by, e.g., 

forming first sub-channel holes of semiconductor sub-channels 601-2 in first dielectric stack, 

respectively depositing charge trapping film 602, semiconductor channel film 604, and 

dielectric core 605 in the first sub-channel holes. The formation of the first sub-channel holes 

and the deposition of the films in the first sub-channel holes can be referred to the operations 

that form first sub-channel holes 205 and charge trapping film 502, semiconductor channel 

film 503, and dielectric core 504, respectively. Optionally, a recess etch (e.g., dry etch and/or 

wet etch) and/or a planarization process (e.g., CMP) can be perfom1ed to remove excessive 

dielectric material over the top surface of first dielectric stack. 

[0109] Memory structure 600 can include a joint insulating layer 618 bet\veen 

semiconductor sub-channels 601-1 and 601-2 and a plurality of connection layers 606 in joint 

insulating iayer 618. Connection layers 606 can function as drain regions and can connect 

semiconductor sub-channels 601-1 and 601-2. Joint insulating layer 618 can insulate 

connection layers 606 from one another. can be formed over the first dielectric stack before 

the formation of the first sub-channel holes. In some embodiments, joint insulating layer 618 

includes silicon oxide and connection layers 606 include doped silicon. The formation of 

joint insulating iayer 618 and connection layers 606 can be referred to the formation of 

insulating cap layer 410 and drain regions 419. The deposition can include any suitable 

deposition methods, such as CVD and/or area selective deposition (ASD). Optionally, an ion 

implantation process is employed to adjust the doping level of the recess region. The 

conductivity type of connection layer 606 can be the same as the conductivity type of 

semiconductor sub-channels 601-1. Optionally, a recess etch ( e.g., dry etch and/or wet etch) 

and/or a planarization process (e.g., CMP) can be performed to remove excessive doped 
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semiconductor material over the top surface of first dielectric stack. Optionally, an additional 

dielectric material can be deposited over the top surface of second dielectric stack to cover 

semiconductor sub-channels 601-1 The additional dielectric material can include one or 

more of the dielectric materials that form first dielectric stack 103. 

[0110] Further, the second dielectric stack can be formed over the first dielectric stack, 

and staircase structure 603 can be formed by repeatedly etching/patterning the dielectric 

stack formed by the first dielectric stack and the second dielectric stack A dielectric filling 

material can be deposited over staircase stmcture 603 to filling the space formed by the 

removal of portions of dielectric pairs and dielectric filling structure 611 (e.g., similar to 

dielectric filling structure 311) can be formed. 

[0111] Semiconductor sub-channels 601-2 can be fonned by any suitable methods after 

staircase structure 603 is formed. In some embodiments, second sub-channel holes of 

semiconductor sub-channels 601-2 are formed over semiconductor sub-channels 601-1. The 

bottom of the second sub-channel hole of semiconductor sub-channel 601-2 can expose 

connection layers 606. Further, a sequence of layers can be deposited into the second sub­

channel holes to form second semiconductor sub-channels 601-2. The formation of the 

second sub-channel holes of semiconductor sub-channels 601-2, charge trapping film 607, 

semiconductor channel film 608, dielectric core 609, drain regions 612, and insulating cap 

layer 610 can be similar to the second sub-channel holes of semiconductor channels 415, 

charge trapping film 416, semiconductor channel film 417, dielectric core 418, drain regions 

419, and insulating cap layer 410. 

[0112] Supporting pillars 613 can be formed by the same fabrication operations that fom1 

semiconductor sub-channels 601-2 or after the formation of semiconductor sub-channels 

601-2. The formation of dummy charge trapping film 614, dummy semiconductor channel 

film 615, dummy dielectric core 616, and dummy drain region 617 can be similar to or the 

same as the formation of dummy charge trapping film 411, dummy semiconductor channel 

filrn 412, dununy dielectric core 413, and dumrny drain region 414. 

[0113] FIGs. 7-12 illustrate an exemplary process to form a two-stack staircase structure 

from two dielectric stacks employing one staircase-forming patterning process, according to 

some embodiments. For viewing simplicity, FIGs. 7-12 depict the fabrication process to form 
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the staircase structure in the core region shown in FIG-s. 1-6. Same or similar operations 

perfom1ed in the method illustrated by FIGs. 7-12 can be referred to the operations described 

in FIG-s. 1-6. For illustrative purposes, the formation of a double-channel structure (e.g., 

similar to memory structure 600 of FIG. 6) is described. 

[0114] FIG. 7 illustrates memory structure 700 similar to core region 110 of FIG. l, 

according to some embodiments. Memory structure 700 can include a first dielectric stack 

703 over gate dielectric layer 704, which is further over substrate 707. Substrate 707 can 

include a first doped region 706, and a second doped region 705. First dielectric stack 703 

can include a plurality of dielectric pairs, each including a sacrificial material layer 701 and 

an insulating material layer 702. Respectively, substrate 707, first doped region 706, second 

doped region 705, gate dielectric layer 704, and first dielectric stack 703 can be the same as 

or similar to substrate 107, first doped region 106, second doped region 105, dielectric layer 

104, and first dielectric stack 103. Description of structure and formation methods of 

memory structure 700 can be referred to the description of memory stmcture 100. 

[0115] FIG. 8 illustrates memory structure 800 formed based on memory structure 700, 

according to some embodiments. Memory structure 800 can be formed from memory 

structure 700 by forming a plurality of channel epitaxial regions 806 extending from first 

dielectric stack 703 to second doped region 705, a joint insulating material layer 810 over 

first dielectric stack 703, a plurality of first sub-channel holes 801 extending from the top 

surface of joint insulating material layer 810 into channel epitaxial regions 806, and filling 

first sub-channel holes 801 with a series of channel-forming layers 802 (charge trapping fiim, 

semiconductor channel film, and dielectric core) to form semiconductor sub-channels 805 . A 

plurality of connection layers 804 can be formed in joint insulating material layer 810 and 

can each be over a semiconductor sub-channel 805. In some embodiments, a recess etch 

andior a suitable planarization process (CMP) can be perfom1ed to remove any excessive 

material of channel-fom1ing layers 802 from the top surface of memory structure 800. 

[0116] As an example, a joint insulating material layer can first be formed over first 

dielectric stack 703 A plurality of first sub-channel holes 801 can then be formed in first 

dielectric stack 703 to extend from the top smface of the joint insulating material into 

channel epitaxial regions 806. Joint insulating material layer 810 can be formed from the 
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joint insulating material layer and first dielectric stack 803 can be formed from first dielectric 

stack 703. A series of channel-forming layers 802 can then be deposited to fill in first sub­

channel holes 801 A suitable recess etch ( e.g., dry etch and/or wet etch) can be performed to 

remove a top portion of channel-fonning layers 802 in each first sub-channel hole 801 and a 

doped semiconductor material can be deposited into first sub-channel holes 801 to form 

connection layers 804 in joint insulating material layer 810. Optionally, additional insulating 

rnaterial can be deposited over connection layers 804 to insulate connection layers 804 from 

neighboring structures that are formed in subsequent operations. Details of the formation of 

semiconductor sub-channels 805 and connection layers 804 can be referred to the description 

of semiconductor channels 501 and drain regions 505. 

[0117] FIG. 9 illustrates an exemplary memory structure 900 formed based on memory 

structure 800, according to some embodiments. Memory structure 900 can be formed by 

forming second dielectric stack 906 over first dielectric stack 803. Similar to first dielectric 

stack 703 and 103, second dielectric stack 906 can include a plurality of dielectric pairs 

arranged over first dielectric stack 703 (e.g., joint insulating layer 810) along the z axis. Each 

dielectric pair can include a sacrificial material layer 901 and an insulating material layer 

902. First dielectric stack 803 and second dielectric stack 906 can form dielectric stack 903 

(e.g., two-stack dielectric stack). In some embodiments, an insulating cap material layer 910 

(e.g., similar to the joint insulating material layer of FIG. 8 and the insulating cap material 

layer of FIG. 3) is formed over second dielectric stack 906. In some embodiments, second 

dielectric stack 906 is similar to first dielectric stack 703. Description of structure and 

formation methods of second dielectiic stack 906 and insulating cap material layer 910 can 

be referred to the description of first dielectric stack 103 and the insulating cap material layer 

ofFIG. 3. 

[0118] FIG. 10 illustrates an exemplary mernmy structure 1000 formed based on memory 

structure 900, according to some embodiments. Memory structure 1000 can be fom1ed by 

forming a plurality of second semiconductor sub-channels 1007 that alight with and adjoin 

semiconductor sub-channels 805 to form semiconductor channels 1001 through dielectric 

stack 1003, and a plurality of drain regions 1005 in insulating cap material layer 1010. 

Dielectric stack l 003 can be formed from dielectric stack 903 after the formation of second 
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semiconductor sub-channels 1007, and insulating cap material layer lOl 0 can be formed 

from insulating cap material layer 910 after the formation of second sub-channel holes 1002. 

In some embodiments, second semiconductor sub-channels 1007 are formed by depositing a 

series of channel-fonning layers 1004 (charge trapping film, semiconductor channel film, 

and dielectric core) into second sub-channel holes 1002. In some embodiments, drain regions 

1005 are formed by forming a recess region in insulating cap material layer 10 l 0 and at the 

top portions of second sub-channel holes 1002, and depositing a doped serniconductor 

material ( e.g., doped polysilicon) in the recess region. The fabrication processes of second 

semiconductor sub-channels 1007, drain regions 1005, and insulating cap material layer 1010 

can be referred to the fabrication processes of semiconductor sub-channels 805, joint 

insulating material layer 810, and connection layers 804. 

[0119] FIG. 11 illustrates memory stmcture 1100 formed based on memory stmcture 

1000, according to some embodiments. Memory structure 1100 can be formed by performing 

a staircase-forming patterning process on dielectric stack 1003 to form staircase structure 

1104. By performing the staircase-forming patterning process, first dielectric stack 803 can 

be etched to form first staircase structure 1103, and second dielectric stack 1006 can be 

etched to form second staircase stmcture 1106. First staircase structure 1103 and second 

staircase structure 1106 can stack along the z axis to form staircase structure 1104. In sorne 

embodiments, joint insulating material layer 8 lO and insulating cap material layer lOlO can 

be etched to form joint insulating layer 1111 and insulating cap layer 1110, respectively. The 

staircase-forming patterning process can include forming a photoresist layer over dielectric 

stack 1003. In some embodiments, the photoresist layer can be patterned (e.g., using a 

photolithography process) to cover the core region. The photoresist layer can have a 

sufficient thickness along the z axis so that it can be trimmed and used as an etching mask for 

forming staircases from dielectric stack 1003. During the staircase-fanning patterning 

process, the photoresist layer is repeatedly trimmed ( e.g., etched by a suitable dry etch 

and/wet etch) along various directions (e.g., the x axis, they axis, and the z axis) so dielectric 

pairs of dielectric stack 1003 can be repeatedly exposed. Same or different etchant (e.g., wet 

etchant and/or dry etchant) can be used to etch the sacrificial material layer (e.g., 701 or 901) 

and the insulating material layer ( e.g., 702 or 902). In some embodiments, the trimming time 
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of the photoresist layer is controlled so that the trimming/etching rate of the photoresist layer 

can be controlled. Accordingly, the dimension of the staircase along the x direction can be 

controlled. In some embodiments, the sacrificial material layers can be etched to form the 

sacrificial layers, and the insulating material layers can be etched to form the insulating 

layers. One sacrificial iayer can be pairing with one insulating layer. Depending on different 

memory device structures, the sacrificial layer can be on top of the pai1ing insulating layer, 

or vice versa. 

[0120] For illustrative purposes, as shown in FIG. 11, memory structure 1100 is divided 

into core array region 1120, first staircase region 1121, and second staircase region 1122. 

First staircase region 1121 and second staircase region 1122 can each surround memory 

structure 1100 along the x-y plane. First staircase region 1121 can represent the region where 

staircases of first dielectric stack 703 are formed, and second staircase region 1122 can 

represent the region where staircases of second dielectric stack 906 are formed. In some 

embodiments, the photoresist layer (e.g., etch mask) can be trimmed to expose dielectric 

stack 1003 aiong, e.g., the x direction - from first staircase region 1121 towards core array 

region 1120, and staircases of staircase structure 1104 can be formed along the same 

direction the photoresist layer is trimmed. In some embodiments, staircases of first staircase 

structure 1103 (e.g., lower/bottom staircase structure) are formed in first staircase region 

1121, and staircases of second staircase structure 1106 (e.g., upper/top staircase structure) are 

formed in second staircase region 1122. In some embodiments, the trimming of the 

photoresist layer can stop when the staircases in first staircase region 1121 and second 

staircase region 1122 are formed. The trimmed photoresist layer can cover the top surface of 

core array region 1120 so that semiconductor channels l 001 can remain intact. Photoresist 

layer can then be removed, and memory structure 1100 can be formed. 

[0121] In various embodiments, semiconductor channels 1001 can be formed before or 

after the formation of staircase structure 1104. That is, the second semiconductor sub­

channels ( e.g., formed in second dielectric stack l 006) can also be formed after staircase 

stmcture 1104 is formed. The different orders to form semiconductor channels 1001 and 

staircase structure 1104 should still be within the scope of the present disclosure. 
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[0122] FIG. l 2 illustrates memory structure 1200 formed based on memory structure 

1100, according to some embodiments. :Memory structure 1200 can be formed by forming 

dielectric filling structure 1201 to fill in the space formed by the removal of portions of 

dielectric stack 1003. Dielectric filling structure 1201 can be retro-stepped (not shown in 

FIG-. 12). In some embodiments, dielectric filling structure 1201 is formed by depositing a 

suitable dielectric filling structure to fill in the space and perfom1ing a suitable planarization 

process (e.g., CMP and/or recess etch) to remove any excessive dielectric filling structure 

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

1201 is similar to or as same as die] ectric filling structure 311. Description of structure and 

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

dielectric filling structure 311. 

[0123] Further, the sacrificial layers can be removed by a suitable isotropic etching 

process, and space formed by the removal of the sacrificial layers can be filled with a suitable 

metal, e.g., one or more of copper, tungsten, and aluminum. Optionally, a recess etch can be 

performed to remove excessive metal over staircase structure 1104. The deposited metal can 

then form the word lines of the 3D memory device. In some embodiments, each word line is 

insulated from adjacent word lines by the insulating layers in between. 

[0124] Method illustrated by FIGs. 7-12 can be employed to fom1 the staircase structure 

in FlGs. 1-6 and semiconductor channels embedded in the staircase structure. By using the 

disclosed method, one staircase-forming pattern can be used to form the staircase structure 

that contains at least two sub-staircase structures stacked along the z axis. No staircase­

forming pattern is needed to separately form the sub-staircase structures. The fabrication 

process of the 3D memory device can be simplified. 

[0125] Further, supporting pillars through the multiple-stack staircase structure can be 

formed by one etching process that forms pillar holes through the nmltiple-stack staircase 

structure and subsequent filling process. In some embodiments, the pillar holes are formed at 

the same time or by same fabrication operations as a part of the semiconductor channels. In 

some embodiments, the pillar holes are formed after the formation of the semiconductor 

channels. Compared to existing technology, the number of operations to form supporting 

pillars is reduced. The fabrication of the 3D memory device is thus simpler and less costly. 
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[0126] FIG. l 3 is an illustration of an exemplary method 1300 for forming three-

dimensional memory structure, according to some embodiments. For explanation purposes, 

the operations shown in method 1300 are described in the context of FIG-s. 1-12. In various 

embodiments of the present disclosure, the operations of method 1300 can be performed in a 

different order and/or vary. 

[0127] At operation 1301, a first dielectric stack can be formed over a substrate. In some 

embodiments, the substrate can include any suitable materials such as silicon. In sorne 

embodiments, the first dielectric stack includes a plurality of alternatingly arranged sacrificial 

material layers and insulating materials. The sacrificial material layers and the insulating 

material layers can include different dielectric materials. In some embodiments, a gate 

dielectric layer is formed between the first dielectric stack and the substrate. Details of the 

first dielectric stack, the gate dielectric layer, and the substrate can be referred to the 

description of FIG. l. 

[0128] At operation 1302, a plurality of first sub-channel holes can be formed in the first 

dielectric stack and the first sub-channel holes can be filled with suitable materials. In some 

embodiments, the first sub-channel holes can be formed with suitable patterning and etching 

processes so that the bottoms of the first sub-channel holes contact or expose the substrate. 

The first sub-channel holes can be through the first dielectric stack Optionally, a channel 

epitaxial region can be formed at the bottom of each first sub-channel hole. A sacrificial 

filling stmcture can be forn1ed in the first sub-channel holes by depositing a sacrificial filling 

material, as e.g., place holders, to provide support for the formation of subsequent second 

dielectric stack over the first dielectric stack. A planarization process can be performed to 

remove any excessive sacrificial filling material over the first dielectric stack 

[0129] When the 3D memory device is a double-channel memory device, a series of 

channel-forming layers for forming a semiconductor channel can be sequentially deposited 

into the plurality of first sub-channel holes so that first semiconductor sub-channels can be 

formed. The series oflayers can include a charge trapping film, a semiconductor channel 

film, and a dielectric core, being deposited from the sidewall to the center of the channel 

hole. A connection layer (e.g., a doped semiconductor layer) can be formed over each 

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

the description of FI Gs. 2 and 6. 

[0130] At operation 1303, a second dielectric stack can be formed over the first dielectric 

stack. Similar to the first dielectric stack, the second dielectric stack can include a plurality of 

altematingly arranged sacrificial material layers and insulating materials. Details of the 

second dielectric stack can be referred to the description of FIG. 2. 

[0131] At operation 1304, a multiple-stack staircase structure can be formed. The 

multiple-stack (e.g., two-stack) staircase structure can include a first staircase structure ( e.g., 

formed based on the first dielectric stack) and a second staircase structure (e.g., formed based 

on the second dielectric stack). The multiple-stack staircase stmcture can be formed by a 

staircase-fanning patterning process so that dielectric pairs of the first dielectric stack and the 

second dielectric stack can be etched to form staircases. A dielectric filling structure can be 

formed to fill up the space formed by the removal of portions of the dielectric pairs. Details 

of the process to form the multiple-stack staircase structure can be referred to the description 

ofFIGs. 7-12. 

[0132] At operation 1305, a plurality of second sub-channel holes can be formed in the 

second staircase stmcture. The second sub-channel holes can adjoin the first sub-channel 

holes along a direction perpendicular to the top surface of the substrate. In some 

embodiments, a second sub-channel hole and the adjoined first sub-channel hole form a 

channel hole through the multiple-stack staircase structure. \Vhen the 3D memory device is a 

double-channel memory device, the second sub-channel holes can also be referred to as sub­

channel holes of the second staircase structure. The formation of second sub-channel holes 

can be similar to the formation of first sub-channel holes described in operation 1302. 

At operation 1306, a plurality of pillar holes can be formed in the multiple-stack 

staircase structure. The pillar holes can be formed by any suitable patterning/etching process. 

In some embodiments, the pillar holes can be through the multiple-stack staircase structure 

and can contact the substrate. Details of the process to form the pillar holes can be referred to 

the description of FI Gs. 3 and 5. 

[0134] At operation 1307, a plurality of supporting pillars and semiconductor channels 

can be formed in the multiple-stack staircase structure. The semiconductor channels can be 
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formed by removing the sacrificial filling structures in the first sub-channel holes and filling 

the first sub-channel holes and the adjoined second sub-channel holes with a series oflayers 

( e.g., a charge trapping film, a semiconductor channel film, and a dielectric core). When the 

3D memory device is a double-channel memory device, the series oflayers can be deposited 

in the second sub-channel holes (e.g., sub-channel holes) to form semiconductor sub­

channels in the second staircase structure. 

[0135] The supporting pillars can be fonned by filling the same series oflayers of the 

semiconductor channels in the pillar holes. The filling of the supporting pillars can be 

performed at the same time and/or through the same fabrication processes when the 

semiconductor channels ( or semiconductor sub-channels of the second/upper staircase 

structure) are being formed. The supporting pillars can also be formed using any other 

suitable pillar-forming material such as a dielectric material with or without other support 

materials (such like metal). In some embodiments, the dielectric material is deposited into a 

pillar hole to form an insulating liner/spacer layer over the sidewall of the pillar hole, and the 

metal material is deposited to fill up the pillar hole. The insulating liner/spacer layer can 

insulate the metal material frorn the rest of rnemory structure 1200, and the metal material 

can provide further support to the supporting pillar. In some embodiments, the dielectric 

material includes silicon oxide, and the rnetal material includes copper. The insulating 

liner/spacer layer can include a single layer or a multiple layer. In an example, the insulating 

liner/spacer layer can include a single layer of silicon oxide or multiple layers of silicon 

oxide/silicon oxynitride/silicon oxide. The silicon oxide can be pure or doped with suitable 

impurities such as tungsten, copper, cobalt, nickel, and/or aluminum. The dielectric material 

can be deposited using any suitable process such as ALD, CVD, and/or spin-on-coating. The 

metal material can be deposited by, e.g., sputtering, spin-on-coating, and/or CVD. 

[0136] In various embodiments, the order of operations 1304-1306 can vary. For 

example, the second sub-channel holes can be formed before or after the formation of 

multiple-stack staircase structure, and the pillar holes can be formed before or after the 

formation of second sub-channel holes. In some embodiments, the pillar holes can be formed 

at the same time with the second sub-channel holes by a same etching/patterning process. 

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

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



- 38 -

the second sub-channel holes. The specific orders of operations can be dependent on different 

fabrication requirements and should not be limited by the embodiments of the present 

disclosure. Details of the formation of supporting pillars and semiconductor channels can be 

referred to the description of FI Gs. 4-6. 

[0137] 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 rnodify and/or adapt for various applications such specific 

embodiments, without undue experimentation, 'vvithout departing from the general concept of 

the present disclosure. Therefore, such adaptations and rnodifications are intended to be 

within the meaning and range of equivalents of the disclosed embodiments, based on the 

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

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

terminology or phraseology of the present specification is to be interpreted by the skilled 

artisan in light of the teachings and guidance. 

[0138] 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 

perfom1ed. 

[0139] The Summary and Abstract sections may set forth one or more but not all 

exemplary embodiments of the present disclosure as contemplated by the inventor(s), and 

thus, are not intended to limit the present disclosure and the appended claims in any way. 

[0140] 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 follmving claims and their equivalents. 
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\VHAT IS CLAIMED IS: 

1. A memory device comprising: 

a substrate; 

a multiple-stack staircase structure comprising a plurality of staircase structures stacked 

over the substrate, wherein each of the plurality of staircase structures comprises a plurality of 

conductor layers, wherein each of the plurality of conductor layers is located between two 

insulating layers; 

a filling structure surrounding the multiple-stack staircase structure; 

a semiconductor channel extending through the nmltiple-stack staircase structure, 

wherein the semiconductor channel comprises unaligned sidewall surfaces; and 

a supporting pillar extending through at least one of the multiple-stack staircase structure 

and the filling structure, wherein the supporting pillar comprises aligned sidewall surfaces. 

2. The memory device of claim 1, wherein: 

the multi-stack staircase structure comprises a first staircase structure over the substrate 

and a second staircase structure over the first staircase structure; and 

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

bottorn surface of the first staircase structure. 

3. The memory device of claim 2, wherein: 

the supporting pillar and the semiconductor channel comprise same filling layers; and 

the supporting pillar and the semiconductor channel is each filled with at least one of a 

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

4. The mernmy device of claim 2, wherein: 

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

and 

the supporting pillar is filled with at least one of an insulating material and a pillar­

support material surrounded by the insulating material, and the semiconductor channel is filled 

with at least one of a charge trapping film, a semiconductor channel film, and a dielectric core. 
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5. The mernmy device of claim 4, wherein the insulating material comprises silicon 

oxide and the pillar-support material comprises at least one of copper, cobalt, nickel, and 

aluminum. 

6. The memory device of claim 5, further comprising a connection layer in the 

semiconductor channel between two adjacent staircase structures, wherein the connection layer 

comprises a doped semiconductor material, and portions of the semiconductor channel separated 

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

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

forming a plurality of dielectric stacks stacked on one another over a substrate to create a 

multiple-stack staircase structure, wherein each one of the plurality of dielectric stacks comprises 

a plurality of dielectric pairs arranged along a direction perpendicular to a top surface of the 

substrate; 

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

forming a semiconductor channel extending through the multiple-staircase structure, 

wherein the semiconductor channel comprises unaligned sidewall surfaces; and 

forming a supporting pillar extending through at least one of the multiple-staircase 

structure and the filling structure, wherein the supporting pillar comprises aligned sidewall 

surfaces. 

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

forming a photoresist layer over the at least one of the filling structure and the multiple­

stack staircase structure; 

patterning the photoresist layer to form a patterned photoresist layer with an opening that 

exposes a portion of the filling structure, wherein a location of the opening corresponds to a 

location of the supporting pillar; 
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using the patterned photoresist layer as an etch mask to etch through at least one of the 

filling structure and the multiple-stack staircase structure to form a pillar hole, wherein a bottom 

of the pillar hole contacts the substrate; and 

filling the pillar hole with a first mate1ial. 

9. The method of claim 8, wherein fom1ing the semiconductor channel comprises: 

forming a first sub-channel hole in a first dielectric stack of the plurality of dielectric 

stacks; 

filling the first sub-channel hole with a sacrificial filling material to form a sacrificial 

filling structure; 

forming a second dielectric stack over the first dielectric stack; 

forming a second sub-channel hole in the second dielectric stack, wherein: 

the second sub-channel hole aligns with the sacrificial filling structure along the 

direction perpendicular to the top surface of the substrate, and 

the second sub-channel hole adjoins the first sub-channel hole to form a channel 

hole through the plurality of dielectric stacks and into the substrate; 

removing the sacrificial filling structure in the first sub-channel hole; and 

filling the channel hole with a second material. 

10. The method of claim 9, wherein: 

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

operations; and 

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

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

11. The method of claim i 0, wherein the pillar hole is formed before a formation of 

the second sub-channel hole. 

l; The method of claim 10, wherein the pillar hole is formed after a fom1ation of the 

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

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

14. The method of claim B, wherein the first material comprises at least one of an 

insulating material and a pillar-support material surrounded by the insulating material; and the 

second material comprises at least one of a charge trapping film, a semiconductor channel film, 

and a dielectric core. 

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

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

forming a connection layer over the first semiconductor sub-channel, wherein the 

connection layer comprises a doped serniconductor material, and 

forming a second dielectric stack and a second semiconductor sub-channel in the second 

dielectric stack, wherein the second semiconductor sub-channel aligns with and adjoins the first 

semiconductor sub-channel to form a semiconductor channel extending through the plurality of 

dielectric stacks and into the substrate. 

16. The method of claim l 5, wherein: 

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

operations; and 

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

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

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

depositing a plurality of dielectric stacks over one another over a substrate to form a 

multiple-dielectric-stack structure, wherein each one of the plurality of dielectric stacks 

comprises a plurality of first material layer and second material layer altematingly arranged 

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

dielectric stacks; 

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

dielectric stack; 

forming a second semiconductor sub-channel in the second dielectric stack, wherein the 

second semiconductor sub-channel aligns with the first semiconductor sub-channel along the 

direction perpendicular to the top surface of the substrate; and 

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

structure. 

18. The method of claim 17, wherein patterning the multiple-dielectric-stack structure 

comprises a single staircase-forming patterning process. 

19. The method of claim 18, wherein the staircase-forming patterning process 

compnses: 

forming a photoresist layer over the multiple-dielectric-stack structure; 

trimming the photoresist layer along a first direction parallel to a top surface of the 

substrate; and 

etching the multiple-dielectric-stack structure, using the trimmed photoresist layer as an 

etch mask to form a staircase. 

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

and the second semiconductor sub-channel comprise: 

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

in the second dielectric stack; and 

filling the first sub-channel hole and the second sub-channel hole each with channel­

forming layers, \vherein the channel-forming layers comprise at least one of a charge trapping 

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

Methods and structures of a three-dimensional rnemory device are disclosed. In an 

example, the memory device includes a substrate and a multiple-stack staircase structure. The 

multiple-stack staircase structure can include a plurality of staircase structures stacked over the 

substrate. Each one of the plurality of staircase structures can include a plurality of conductor 

layers each between two insulating layers. The memory device can also include a filling structure 

over the multiple-stack staircase structure, a semiconductor channel extending through the 

multiple-stack staircase structure, and a supporting pillar extending through the multiple-stack 

staircase structure and the filling structure. The semiconductor channel can include unaligned 

sidewall surfaces, and the supporting pillar can include aligned sidewall surfaces. 
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Filer: Donald J. Featherstone/Tonyia Skinner 
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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 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-B629 
DONF@STERNEKESSLER.COM 

September 10, 2018 

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

(;~) Sterne Kessler 
·.,,\_ STERNE KESSLER GOLDSTEIN & FOX 

Re: U.S. Non-Provisional Patent Application under 37 C.F.R. § l.53(b) 
(Continuation (?/Appl. No. PCJ!CN20l8/097-132; Filed: July 27, 2018) 
Appl. No. To Be Assigned; Filed: Hereivith 
For: lVHTLTl.PLE-STACK TJUU:jj>DUVD:NSIONA.L MEMORY DEVICE 

AND FABRICATION 1\/IETHOD THEREOF 
Inventors: 
Our Ref: 

Commissioner: 

L[U et al. 
4123.0350001 

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

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

2. Authorization to Treat a Repiy As Incorporating An Extension of Time 
Under 37 CFR. § 1.136(a)(3); 

3. US. Utility Patent Application entitled: 

l\fULTIPLE-STACK THREE-D[MENSIONA.L MEMORY DEVICE AND 
FABRICATION :METHOD THEREOF 

and naming as inventors: 

.Jun LIU 
Zongliang HUO 
Li Hong XIAO 
Zhenyu LU 
Qian TAO 
Yushi HU 
Sizhe LI 
Zhao Hui TA NG 
Yu Ting ZHOU 
Zhaosong LI 
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Commissioner for Patents 
September 10, 2018 
Page 2 

the application consisting of: 

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

b. A specification containing: 

1. 38 pages of description prior to the claims; 

11. 5 pages of claims (20 claims); 

m. a one (1) page abstract; and 

c. 13 sheets of drawings: (Figures 1-13). 

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

The above-listed documents are.filed electronically. 

Correspondence should be sent to Customer Number 26111. 

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

DJF/Y -G/tas 
Enclosures 

9960904 l .docx 

Respectfully subrnitted, 

STERNE, KESSLER, GOLDSTEIN & Fox P.LL.C. 

/Donald l Featherstone/ 

Donald J. Featherstone 
Attorney for Applicant 
Registration No. 33,876 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/126,919 

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 
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 

16/126,919 09/10/2018 Jun LIU 4123.0350001 
CONFIRMATION NO. 4582 

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

1111111111111111111111 ll]~!l]!~l!~IU!IIH!!U] 111111111111111 IIII IIII 
Date Mailed: 09/28/2018 

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): 
Jun LIU 
Zongliang Hua 
Li Hong Xiao 
Zhenyu Lu 
Qian Tao 
Yushi Hu 
Sizhe Li 
Zhao Hui Tang 
Yu Ting Zhou 
Zhaosong Li 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/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. 

/tgebre/ 

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 

16/126,919 

26111 

FILING or 
37l(c)DATE 

09/10/2018 

GRPART 

UNIT 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 

4123.0350001 20 3 
CONFIRMATION NO. 4582 

FILING RECEIPT 

1111111111111111111111 m~mll!IIIIU!~ 111111111111111 IIII IIII 

Date Mailed: 09/28/2018 

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

lnventor(s) 

Applicant( s) 

Jun LIU, Wuhan, CHINA; 
Zongliang Hua, Wuhan, CHINA; 
Li Hong Xiao, Wuhan, CHINA; 
Zhenyu Lu, Wuhan, CHINA; 
Qian Tao, Wuhan, CHINA; 
Yushi Hu, Wuhan, CHINA; 
Sizhe Li, Wuhan, CHINA; 
Zhao Hui Tang, Wuhan, CHINA; 
Yu Ting Zhou, Wuhan, CHINA; 
Zhaosong Li, Wuhan, CHINA; 

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

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

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

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/CN2018/097432 07/27/2018 

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

Permission to Access Search Results: Yes 

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

If Required, Foreign Filing License Granted: 09/26/2018 

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

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
Title 

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

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for 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. 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-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 
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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DONALDJ.FEATHERSTONE 

DIRECTOR 

(202) 772-8629 
DONF@STERNEKESSLER.COM 

November 28, 2018 

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

Re: U.S. Patent Application 
Appl. No. 16/126,919; Filed: September 10, 2018 

c;~,1 Sterne Kessler 
····\\: STERNE KESSLER GOLDSTEIN & FOX 

Confirmation No. 4582 
Mail Stop Missing Parts 

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

Inventors: 
Our Ref: 

Commissioner: 

LIU et al. 
4123.0350001 

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

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

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

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

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

The above-listed documents are filed electronically. 

St~t~:l, K(?.t$ll:lt t~❖kh:tdn &: f◊~ f\t,LC. I HO() N(W<' Y❖t~ .Av~~ttii~\ NV>/ l \\'~•~hifltJt&-;:, ~).,(), i()QOS 

P 101,37"!,fm.Ki l F 2zi:z,:.rn.254l1 l $ti::rni,-.,k~~,tfou,mn 

Micron Ex. 1002, p. 86 
Micron v. YMTC 
IPR2024-00790



Commissioner for Patents 
November 28, 2018 
Page 2 

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

DJF/Y-G/cms 
Enclosures 

10372934 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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£904117 2018-J.O-lS 18:56:42 

Atty. Docket No. 4123.0350001 

COMBINED DECLARATION AND ASSIGNMENT 

DECLARATION 

As the below named inventors, I hereby declare that: 

This declaration is directed to: 

D The attached application, or 

C8J United States application or PCT international application number 16/126,919 

filed on September 10, 2018 

The above-identified application was m~de or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed 
invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is 
punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5-) years, or 
both. 

ASSIGNMENT 

In consideration of the sum of One Dollar ($1.00) or equivalent and other good and 
valuable consideration paid to each of the below named inventors, each of the below named 
inventors, hereby sell and assign to Yangtze Memory Technologies Co., Ltd., a corporation 
formed under the laws of China, whose mailing address is 18 Gaoxin 4th Road, East Lake High­
Tech Development Zone, Wuhan, Hubei, China (hereafter referred to as the Assignee), his/her 
entire right, title and interest, including the right to sue for past infringement and to collect for all 
past, present and future damages, for the United States of America (as defined in 35 U.S.C. 
§ 100) and throughout the world, 

(a) in the invention(s) known as MULTIPLE-STACK THREE­
DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD 
THEREOF for which application(s) for patent in the United States of America is 
identified above, in any and all applications thereon, in any and all Letters 
Patent(s) therefor, and 

(b) in any and all applications that claim the benefit of the patent application 
identified above in part (a), including non-provisional applications, continuing 
(continuation, divisional, or continuation-in-part) applications, reissues, 
extensions, renewals and reexaminations of the patent application or Letters 
Patent therefor listed above in part (a), to the full extent of the term or terms for 
which Letters Patents issue, and 
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£904.117 20l8-10-1S 18!56!42 

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

(c) in any and all inventions described in the patent application identified above in 
part (a), and in any and all forms of intellectual and industrial property protection 
derivable from such patent application, and that are derivable from any and all 
continuing applications, reissues, extensions, renewals and reexaminations of 
such patent application, including, without limitation, patents, applications, utility 
models, inventor's certificates, and designs together with the right to file 
applications therefor; and including the right to claim the same priority rights 
from any previously filed applications under the International Agreement for the 
Protection of Industrial Property, or any other international agreement, or the 

. domestic laws of the country in which any such application is filed, as may be 
applicable; 

all such rights, title and interest to be held and enjoyed by the above-named Assignee, its 
successors, legal representatives and assigns to the same extent as all such rights, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale not been 
made. 

The below named inventors agree to execute all papers necessary in connection with the 
application(s) and any non-provisional, continuing (continuation, divisional, or continuation-in­
part), reissue, reexamination or corresponding application(s) thereof and also to execute separate 
assignments in connection with such application(s) as the Assignee may deem necessary or 
expedient. 

The below named inventors agree to execute all papers necessary in connection with any 
patent enforcement action Gudicial 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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E904117 2018·10-15 lS:56:42 

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

IN WI1NESS WHEREOF, executed by the below named inventors on the date opposite 
his/her name. 

LEGAL NAME OF INVENTOR 

Inventor: Jun LIU Date: -------------

Signature oflnventor: 

LEGAL NAME OF INVENTOR 

Inventor: Zongliang HUO Date: ) or[f I l ,.J 

Signature of [nventor: 

LEGAL NAME OF rNVENTOR 

[nventor: Li Hong XIAO Date: 

Signature of Inventor: _ __,_,~~~--"----=--+-1---~~'-'----·-~~L---- ___________ _ 

LEGAL NAME OF rNVENTOR 

Inventor: Zhenyu LU Date: 

Signatureofinventor: ____ Z_~--=----~-------------------

LEGAL NAME OF INVENTOR 

Inventor: Qian TAO Date: 2v [ ~- 10. I 6 

Signature of Inventor: ---~0--~-----------___________ _ 
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E90Cll.7 201&-10-15 }S:56:42 

LEGAL NAME OF INVENTOR 

Inventor: Yushi HU Date: 

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

Signature of Inventor: -~-~~----=·· ~--=·· ~~--~~-_~ ______________ _ 

LEGAL NAME OF INVENTOR 

Inventor: _S_i_z_h_e _L_I ________ Date: 

Signature of Inventor: 

LEGAL NAME OF INVENTOR 

Inventor: Zhao Hui TANG Date: 

~1 H ve,i-10-,t 
Signature of Inventor: ----=Lfl~_M __ • .,U_lt\_i __ }...1..A_fl_~ ____________ _ 

LEGAL NAME OF INVENTOR 

Inventor: Yu Ting ZHOU Date: 

Y I u t1 7,81 'J--10-1 b Signature of Inventor. __ 0µu1 '---+'=1~'-+--2.;...,n_0-=-v _________________ _ 

LEGAL NAME OF INVENTOR 

Inventor: Zhaosong LI Date: 

Signature of Inventor: ----~=-' '-'-=~t'-o~.Lj1---~_..:_• _______________ _ 

9304104_1.docx 
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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 

16/126,919 09il0/2018 Jun LIU 4123.0350001 
CONFIRMATION NO. 4582 

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

1111111111111111111111 m~t1]iu~1ui111~!!IH~ 11111111111111111111111 

Date Mailed: 09/28/2018 

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): 
Jun LIU 
Zongliang Huo 
Li Hong Xiao 
Zhenyu Lu 
Qian Tao 
Yushi Hu 
Sizt1e Li 
Zhao Hui Tang 
Yu Ting Zhou 
Zhaosong Li 

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. 

/tg:ebre/ 

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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Electronic Patent Application Fee Transmittal 

Application Number: 16126919 

Filing Date: 10-Sep-2018 

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

First Named Inventor/Applicant Name: Jun LIU 

Filer: Donald J. Featherstone/Catherine Saunders 

Attorney Docket Number: 4123.0350001 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
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: 34417045 

Application Number: 16126919 

International Application Number: 

Confirmation Number: 4582 

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

First Named Inventor/Applicant Name: Jun LIU 

Customer Number: 26111 

Filer: Donald J. Featherstone/Catherine Saunders 

Filer Authorized By: Donald J. Featherstone 

Attorney Docket Number: 4123.0350001 

Receipt Date: 28-NOV-2018 

Filing Date: 10-SEP-2018 

Time Stamp: 12:02:56 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1880 

RAM confirmation Number 112818INTEFSW12035701 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

246891 

1 
Applicant Response to Pre-Exam Cover-Letter-4123-0350001. 

2 no 
Formalities Notice PDF 

1 e8552070c72c2b9437f87581318f1 900a3f 
2174 

Warnings: 

Information: 

139125 

2 Oath or Declaration filed Declaration-4123-0350001.PDF no 4 
ecb4b304ea843ee 159b4a96c5dd31 d36be 

27d02e 

Warnings: 

Information: 

1984863 

3 Miscellaneous Incoming Letter 
Notice-Missing-

no 2 
Parts-4123-0350001.PDF 

e4118209ee1 ded3c237dedc259b8b4e2f22 
c4ef5 

Warnings: 

Information: 

37166 

4 Fee Worksheet (5B06) fee-info.pdf no 2 
97d5e3056a89c80a0a4c00Se4bdb8322e85 

b8494 

Warnings: 

Information: 

Total Files Size (in bytes) 2408045 
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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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505209573 11/28/2018 

PATENT ASSIGNMENT COVER SHEET 

Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

NATURE OF CONVEYANCE: 

CONVEYING PARTY DATA 

JUN LIU 

ZONGLIANG HUO 

LI HONG XIAO 

ZHENYU LU 

QIAN TAO 

YUSHIHU 

SIZHE LI 

ZHAO HUI TANG 

YU TING ZHOU 

ZHAOSONG LI 

RECEIVING PARTY DATA 

NEW ASSIGNMENT 

ASSIGNMENT 

Name 

Name: YANGTZE MEMORY TECHNOLOGIES CO., LTD. 

Street Address: 18 GAOXIN 4TH ROAD 

City: WUHAN, HUBEi 

State/Country: CHINA 

PROPERTY NUMBERS Total: 1 

Property Type Number 

Application Number: 16126919 

CORRESPONDENCE DATA 

Fax Number: (202)371-2540 

EPAS ID: PAT5256341 

Execution Date 

10/23/2018 

11/01/2018 

10/16/2018 

10/16/2018 

10/16/2018 

10/16/2018 

10/16/2018 

10/16/2018 

10/16/2018 
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E904117 2018-lG-1518:56:42 

Atty. Docket No. 4123.0350001 

COMBINED DECLARATION AND ASSIGNMENT 

DECLARATION 

As the below named inventors, I hereby declare that: 

This declaration is directed to: 

D The attached application, or 

[8J United States application or PCT international application number 16/126,919 

filed on September 10, 2018 

The above-identified application was m~de or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed 
invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is 
punishable under 18 U.S.C. § 1001 by fine or imprisonment of not more than five (5) years, or 
both. 

ASSIGNMENT 

In consideration of the sum of One Dollar ($ l .00) or equivalent and other good and 
valuable consideration paid to each of the below named inventors, each of the below named 
inventors, hereby sell and assign to Yangtze Memory Technologies Co., Ltd., a corporation 
formed under the laws of China, whose mailing address is 18 Gaoxin 4th Road, East Lake High­
Tech Development Zone, Wuhan, Hubei, China (hereafter referred to as the Assignee), his/her 
entire right, title and interest, including the right to sue for past infringement and to collect for all 
past, present and future damages, for the United States of America (as defined in 35 U.S.C. 
§ 100) and throughout the world, 

(a) in the invention(s) known as MULTIPLE-STACK THREE­
DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD 
THEREOF for which application(s) for patent in the United States of America is 
identified above, in any and all applications thereon, in any and all Letters 
Patent(s) therefor, and 

(b) in any and all applications that claim the benefit of the patent application 
identified above in part (a), including non-provisional applications, continuing 
( continuation, divisional, or continuation-in-part) applications, reissues, 
extensions, renewals and reexaminations of the patent application or Letters 
Patent therefor listed above in part (a), to the full extent of the term or terms for 
which Letters Patents issue, and 
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(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 t,he 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 all such rights, title and 
interest would have been held and enjoyed by the Assignor had this assignment and sale not been 
made. 

The below named inventors agree to execute all papers necessary in connection with the 
application(s) and any non-provisional, continuing (continuation, divisional, or continuation-in­
part), reissue, reexamination or corresponding application(s) thereof and also to execute separate 
assignments in connection with such application(s) as the Assignee may deem necessary or 
expedient. 

The below named inventors agree to execute all papers necessary in connection with any 
patent enforcement action Gudicial 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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IN WI1NESS WHEREOF, executed by the below named inventors on the date opposite 
his/her name. 

LEGAL NAME OF INVENTOR 

Inventor: Jun LIU Date: 

~ ·'-4-iu 
Signature of Inventor: ----~----------__________ _ 

LEGAL NAME OF INVF,NTOR 

Inventor: Zongliang HUO Date: :-1 

Signature of [nventor: __ 7_,~0s,c___,cfi~--1.L .... ~~.......,,;.i.....--1'-~~.u1-t01-------------

LEGAL NAME OF INVENTOR 

Inventor: Li Hong XIAO Date: ---~-------- b 
Signature ofrnventor: 

LEGAL NAME OF INVENTOR 

Inventor: Zhenyu LU Date: 

ZlPAA. l 
Signature oflnventor: ____ ·_ --=----r ________________ _ 

LEGAL NAME OF INVENTOR 

Inventor: Qian TAO Date: 

Signature oflnventor: --~G_SM ____________________ _ 

Page 3 of 4 

E904117-22/10/2018 17:08 

Micron Ex. 1002, p. 103 
Micron v. YMTC 
IPR2024-00790



E904117 2018-10-151':56:42 

LEGAL NAME OF INVENTOR 

Inventor: Yushi HU Date: 

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

Signature of Inventor: --·~~--===·~·· ~·~· ·~-----

LEGAL NAME OF INVENTOR 

Inventor: Sizhe LI Date: ;;..v11-(t;-1 t ------------

Signature of Inventor: 

LEGAL NAME OF INVENTOR 

Inventor: Zhao Hui TANG Date: 

-i I 11 T iJJ}i- /o-1 b 
Signature ofinventor: ___ Lfl--'---'--~---"· r_,_J !A_i _ __,y_A_fl_~-----------

LEGAL NAME OF INVENTOR 

Inventor: Yu Ting ZHOU Date: 

Signature of Inventor: x\4 ]~ 2HOU 

LEGAL NAME OF INVENTOR 

Inventor: Zhaosong LI Date: 

Signature of Inventor: ___ _,,:z,bo::....:.::c--'t"-a_._~j-~___c_• ____________ _ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/126,919 

26111 

FILING or 
37l(c)DATE 

09/10/2018 

GRPART 

UNIT 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 

4123.0350001 20 3 
CONFIRMATION NO. 4582 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!Ul~gi1,~ 11111111111111111111111 

Date Mailed: 11/30/2018 

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

lnventor(s) 

Applicant( s) 

Jun LIU, Wuhan, CHINA; 
Zongliang Hua, Wuhan, CHINA; 
Li Hong Xiao, Wuhan, CHINA; 
Zhenyu Lu, Wuhan, CHINA; 
Qian Tao, Wuhan, CHINA; 
Yushi Hu, Wuhan, CHINA; 
Sizhe Li, Wuhan, CHINA; 
Zhao Hui Tang, Wuhan, CHINA; 
Yu Ting Zhou, Wuhan, CHINA; 
Zhaosong Li, Wuhan, CHINA; 

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

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

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

Domestic Priority data as claimed by applicant 
This application is a CON of PCT/CN2018/097432 07/27/2018 

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

Permission to Access Search Results: Yes 

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

If Required, Foreign Filing License Granted: 09/26/2018 

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

Projected Publication Date: 01/30/2020 

Non-Publication Request: No 

Early Publication Request: No 
Title 

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

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for 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. 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-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 
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/126,919 

APPLICATION AS FILED - PART 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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Equivalent of Form PTO/S8/08a (07-09) 

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

INFORMATION DISCLOSURE Filing Date September 10, 2018 

STATEMENT BY APPLICANT First Named Inventor Jun LIU 

( U,1:,e as many sheets os necessary) A11 Unit 2811 
Examiner Name GURLEY, Lynne Ann 

Sheet I i I ot I i Attorney Docket Number 4123.0350001 

U.S. PATENT DOCUMENTS 
Document Number 

:Examiner Cite Publication Date Name of Patentee or Pages, Columns, Lines, \Vhcrc 
initials* :-{o.1 Number-Kind Code 2 (if MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant Figures Appear 

known) 

USl 2016/0268263 Al 09-15-2016 Lee et al. 

US2 2018/0166329 Al 06-14-2018 Huang et al. 

US3 2018/0174044 A 1 06-21-2018 Na 

US4 2018/0233512 Al 08-16-2018 Van Houdt et al. 

US5 9,570,463 B 1 02-14-2017 Zhang et al. 

lJS6 9,576,967 Bl 02-21-2017 Kimura et al. 

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document Publication 

Pages, Columns, 
Examiner Cite Name of Patentee or Lines, \Vhere Relevant 

T6 
initials* No.I Counlry Co<le3-Number4-Kin<l Dale 

Applicant of Cited Document Passages or Relevant 

Code5 (if known) 
MM-DD-YYYY 

Figures Appear 

FPl CN 105977257 A 09-28-2016 SKHYNIXIKC 

FP2 WO 2016/205078 A2 I 2-22-201 6 SANDISK TECHNOLOGIES LLC 

FP3 CN 107431063 A 12-01-2017 SANDISK TECHNOLOGIES LLC 

FP4 CN 107680972 A 02-09-2018 
CHANGJIANG STORAGE TECH 

X 
CO LTD 

FPS CN 108093656 A 05-29-2018 SANDISK TECHNOLOGIES INC 

FP6 KR 20180076298 A 07-05-2018 IMEC V'Z>N 

FP7 CN 1()8615701 A I 0-02-20 I 8 
TAIW A~ SEMICONDUCTOR YIFG 
CO LTD 

13455131_1.docx 

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 uot in conformance 
and not considered. Include copy of this form with uext communication to applicant. 1 Applicant's unique citation designation uumber (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 1WIPO 
Standard ST.3). 4 For Japauese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent 
document. 5 Kiud 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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Equivalent of Form PTO/S8/08b (7-09) 

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

INFORMATION DISCLOSURE Filing Date September 10, 2018 

STATEMENT BY APPLICANT First Named Inventor LIU, Jun 

(Use os mony sheets as necessary) Art Unit 2811 

Sheet I 1 

Examiner Cite 
Initials* No. 1 

NPLl 

13510364_1.docx 

Examiner 
Signature 

Examiner l\" ame GURLEY, Lynne Ann 
I of I 1 Attorney Docket Number 4123.0350001 

NON PATENT LITERATURE DOCUMENTS 

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

International Search Report and Written Opinion of the International Searching 
Authority directed to related International Patent Application l\"o. PCT/CN2018/097432, 
mailed April 16, 2019; 8 pages. 

Date 
Considered 

T2 

*EXAMINER: Inilial if reference considered, whelher or nol cilalion is in conformance wilh MPEP 609. Draw line lhrough cilalion if nol in conformance 
and not considered. Include copy of this form with next communication to applicant. 
1 Applicanl' s unique cilaLion designalion number ( oplional). 2 Applicanl is lo place a check mark here if English language Translalion is allached. 
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1. - tir ¥ ~ 12!s>ff t'=f:, 'EL t!S : 
tt~,ftm~tt~q:rk~T-~~®~fm~-~~~ruITT~M~: 
:m-•t&FA, %fflZftJiJr~t1~z_t : 
:m=•mm,%JvZftm~:m-•mmz_t; 
JJQ[g'I !?fl¾, %fflZftJiJr~ffi=•t&FA q:r : 
m ~ ta tJg, 'EL :J:15 ft Jifi~ffi = • t&m lo JiJr ~JJ□ [g'! oo ¾ z _t 5t ~ :1:mm ~ITT~ ~ m lo t1~Ji 

~mm.~ttm~m~~~®m~:m=•mmH~m~_¥m~:m=•mm:~& 
~~~£~£~00¾, ~ttJiJr~~~mITT_¥d>-,t-JJI$~ ~FA o 
2. ~□t2f1J~:1t 1 JiJr~ITT ¥~1*:ff1'=f:, A q:r, JiJr~~ ~ £~£~00¾1:frf Jifr~JJQ [g'! !?fl¾z_t 

H~Jifr~JJ□ [g'I 00¾£~o 
3. ~Dt2fLl~:1t 1 JiJr~ITT¥~1*:fff'=f:, A q:r, JiJr~JJD [g'! !?fl¾'E!t!St:frf JiJr~-~~;fOJiJr~ 

t~ fom ~ ITT :ill Jf ITT~% ~ ¾ o 
4. ~□ tXfLl ~ * 1 JiJr~ ITT¥~ 1*:ff 11:f:, A q:r, JiJr~JJD [g'! 00 ¾'E!t!Stll f Jifr~-~~ ~Jifr~ 

t~ fom ~ q:r ITT t~ % 00 ¾ o 
5. ~□ t2fLl~:1t 4 Jifi~ITT¥~1*:ff1'=t, ;it q:r, JiJr~~ ~t~~i!?fl¾~{vf Jifr~-~~ q:r ITT 

Jiff~~% 00¾£~ 0 

6. ~Dt2f1J~:1t 1 JiJr~ITT¥~1*:ff1'=f:, ;ltq:r' Ji]r~;JQ[g'! !?fl¾'E!t!S~if§<t~Hfit:tk:zraJITT:ill 
~<t~ :ili ITT .% % 00 ¾ o 

7. ~□t2fLl~:1t 1 Jifr~ITT¥~1*:ff1'=f:, ;ltq:r, JiJr~1JQ[g! !?fl¾'E1trS§'.~£~i'tl4o 
8. ~DtJ.fLl~:1t 1 Jifr~ITT¥~1*:fff'=f:, ~filt!S : 
~~ffi~m,m~~~ffi~FA~ttm~m~~~w~m~:m=••m~M,*H~~ 

Ji]r~;JQ [g'! 00¾£~ 0 

9. -tirtLlm¥~1*:ff1'=f:B<J1f1*, Jifr~1f1*fil:f:15 : 
%JvZffi-ffi~im : 
%JvZfilM5t~~FA~ftm~ffi-ffittz_tITTffi=ffittm®ffi~mITTFA~~~; 
%JvZ~ttm~m~~~®m~ffi-ffittmITT~mm~~&~~m~~mmITTH~m: 
%JvZ~ttJifi~m~t:a~a<JJ*t:ii ; 
ftJiJr~~f:ii ITT ~ ~_t.% ,ox; 15Rt? m : 
~mm~~~m~~~~fflffl~**~m~ffi-ffittm,W~%JvZaKm~f¥~FAITT 

:rf □; 

*~~m~H□aKITTH~m:~& 

ftm~:rf □ q=r%fflZ~m~~mm~MITT•mmo 

10. -tirtLlm¥~1*:ff1'=f:ITT1f1*, JiJr~1f1*fil:f:15 : 
%JvZffi4im ; 
ft Jifr~ ffi 41 ~ q:r % ,Gx;;JQ [g'! 00 ¾ : 
ftm~ffittm®m~~[g'l~¾z_t.%,ox;m~~~; 
%JvZ~ttm~m~~~®m~ffittmITT~m~: 
%JvZ~ttm~m~~~HaKm~ffittmITT~~; 
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£:i:EBJifr:1£~fji~~Ji)T:l£Witim7'oimz:ff □, ~q:i, Jijy:1£7f □ EBJifej£JJQu'tl 00~:;[tJ; YR. 
IDJvZ~~mHam:1£:ff □ q=i~m:1£~mmm~o 
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[0001 J ffl ~ $ m l¥J :x:x 5 I ffl 
[0002] ::;$:$m~* 2015 if: 3 )=J 11 B tJl!:J<:1¥1$m--'%7910-2015-0033817 1¥J~OO~lLl $m 
Ll& 2015 if: 4 )=J 17 BtJl!::x:1¥J$m--'%79 10-2015-0054732 B<Jlji."500~lLl$mB<J1Jt~;fJZ.,;tt~ 
ff!117'J ??J. ilH:tt 5 Im ir#r Jf:t o 

~#~Yi!~ 
[0003J ~t!fi~JJ'ffi17tl,(~t1*W § ~~ &-t!fi ~ -=rff14= &;tt$Llm1fi*, Jl~rriJ § l& &-t!fiJl~ 
tita~1¥J¥~1*ff14=&;tt$Llm1ft*o 

.:::ll::...52..-l:±--.l,i 
F3 ~1.)(./1'-

[ 0004 J ~ F ~ ~ tt ff fit ff 14= tE AA 3-:. ~ i1JiHt-.t f5i~Jf fifr {it ff ITT ~::rlrL 1¥Jt tJl!: ~ ~M& ITiJ § , Jl ~ tu 
mrfttt~ZLl¥J•m*l¥1ff~ff•xl¥J=$ff~ffB~~~;ttm~offlm~,B~mili 
A~fr'filH7f [P] filii:rftt1 ~ZLITTff{*ff• xs<J ti~F~ ~'ti.ff f*gftf: 0 

[ ooosJ - ti ~F ~~'ti. ff fit ff ftf: PI Ll fil tt Jl~ :t§ 1im ii: l¥J ff fit ff• x l¥J ff fit~$ o - ti ~F 
~~ttff~ff#ITTff~ff$PILlim:ttffl1i:x:fifilii:~~m®ffi•fil*%Mfilii:~~#H 
Hi.~~ :ttfil i1: ta~ l¥Ji'tJ m:m w * M 0 

£l3)=)1AJ~ 

[0006] ~mJ, IBll~ mil:~~ l¥J ~&1¥Jt~J]Q, xi Ll1A1r~tlts:tt:¥¥Ll&%Mf/.U~~fffitff $ 
l¥J • m~ o Jj 1~ , El3 r ~flt!. l¥J ftD ~!Hi., ffl 1ifil ii: !'t<J ff fit ff• x PI Ll Jl ~ ~ F i:)J >J ~'ti. o 
[0001J :ftHlrs-'i"'~ J1ffi 1Ytl l¥J - t!fi ¥ ~ 1*ff14= PI Ll filtt JE 5!.. T • x IX ~o {fr r • x IX M 1!l!tl l¥J 
~~IXl¥Jtt~oM~¥~~ff#~PILlfilffl%MtEtt~zLEl<Jffi-•m~om~¥~~ff 
#~PILlfilffl%MtEffi-•mfilzLl¥Jffi=•mfiloM~¥~~ff#~PILlfilffl%Mttffi 
=•mm*El<J~~OO~oM~¥~~ff#~PILlfilffl~ii:~~,~ii:~~filffltEffi=•m 
m®~~OO~ZLffi1i:x:ffmii:1¥J~~fil®ffi•filoM~¥~~ff#~PILlfilffl~:ttfilii: 
~~®ffi=•mmH~-~~m=•mmi¥J~m:molf:t*,M~¥~~ff#~PILlfilffl~ 
:tt~~ml¥J~&-~~$~~ml¥J~~ffi•OO~o 
[ooosJ tE-~~JJ'ffiiYtl *, -t!fitLlm¥~~ff14=El<J1ft*PI Llfiltt%Mffi-ffittmo fifr~1f 
$~PILlfilffl%Mfilii:~~,filii:~~filffl:x:fifilii:rffi-ffittzLl¥Jffi=ffittm®ffi· 
filoM~1f$~PILlfilffl%M~:ttfilii:~~~ffi-ffitt~l¥J~mfil,Ll&m~~m:fill¥Jff 
~filom~1f$~PILlfilffl%M~:ttmii:~~1¥J~-oM~1f$~PILlfilffltE~-1¥Jl7'J~ 
L%M~~moM~1f$~PILlfilffl~ffl~~fil~79~~ffl~~**~ffi-ffittmW%M 
•Kfffitml¥J:ff Do fifr~1fy*~PI Ll filtt*~iEl3:ff D •Kl¥JH1*mo Jf:t'.>7~, filr~1fy*~PI 
LlfilffltE:ffD*%M~~~m:mi¥J•mfilo 
[ooo9J tE--i"'~JJ'ffiiY~ *, -t!fitLlm¥~~ff141¥J1fi'*PI Ll filtt%Mffittfilo fifr~1fi*~ 
PILlfilffltEffittfil*%M~~OO~oM~1f$~PILlfilffltEffittfil®~~OO~zL%Mfil 
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~~~oM~h$~mYfilffl%m~ttm~~~~ffittmITT~*moM~h$~mYfilffl 
%m~ttm~~~H-~ffittmITT~~oM~h$~mYfilffl~rn~~*~ffittm*%m 
:rf o, Aq=t:rf o ffi;JO[gj oo~:3z.J~L Jlt7r, pfr~hY!~m Y filtt%mil!tRmHfr:rf o q:,l:5y¼j* 
mt~iu!L 

1311~1-Raf.l 
[001 oJ 00 1 ¾:rtH!is--i"~JJm1JU ITT¥~1$tt1tf:ITT~~ ITT:m fiaf~ 00 ; 
[0011J 00 2 ¾tLHAs--1'-~illli1Jusq¥~1$tt1tf:~~B{JtfUf_illOO; 
[0012J 00 3 ¾:rtH!is--i'-~JJm1JU ITT¥~1$tt1tf:ITT~~ ITT:m fiaf~ 00 : 
[0013] 00 4 ¾tLH!is--i'-~illlivu Et{J¥~1$tt{tf: ITT~~ ITT ifUf~ 00 ; 
[0014J 00 5 ¾:rtH@--i'-~JJmvUITT¥~1$tt1tf:ITT~~ITTtfH_illOO ; 
[0015J 00 6 ¾*ffl--i'-~illlivUITT¥~1$tt1tf:ITT~~ITTtfH~OO : 
[0016] 00 7 ¾:r!Rffl--i'-~JJmVU ITT¥~1$ttftf:ITTta~ at &Uf_illOO ; 
[0017] 00 8 ¾*tAs--i'-~JJfilvUITT¥~wtt1tf:Bt~t1;JITT&H~OO ; 
[0018J oo 9A ~ 12A, oo 9B ~oo 12B yz,zoo 13 ~oo 16 ¾iJ2'=YHLzW--i'-~JJmvuITT¥~1$tt 
1tf:ITTtLlmht!ITTtfUf~00 : 
[0019] 00 17A ~00 17D ¾iJ213)j*ffl--i'-~JJmvtlITT¥~wtt{tf:ITTtUm:hY!ITTfiafmmckOO ; 
[0020J 00 18 ~00 21 J!i£13)j*ffl--i'-~JJmvtlITT¥~1*tt1tf:ITTtUmhi!ITT&Uf~00: 
[0021J 00 22 ~00 25 ¾iJ213)jf!Rffl--i'-~JJmvUITT¥~1*tt1tf:ITTtLlmh$ITT&H~OO; 
[0022J 00 26 ~00 28 J!i£13)j*ffl--i'-~JJmvUITT¥~1*tt1tf:ITTtUmhi!ITTtfUf~00: 
[0023J 00 29 ~00 31 J!i£13)j*ffl--i'-~JJm1JtlITT¥~1*tt1tf:ITTtUmht!ITTtfUf~00: 
[0024J 00 32 ~00 33 ¾iJ213)jf!Rffl--i'-~JJmvUITT¥~1*tt1tf:B{Jt1Jmhi!ITT&H~OO : 
[0025] 00 34 ;Fo 00 35 J!iR.S)j*ffl--i'-~JJmvtl ITTf¥{i1tt ~UJEITTWcl'iITTWOO ; 
[0026J 00 36 ;FoOO 37 ¾iJ213)jf!Rffl--i'-~JJmvUITTit~]UJEITTWcl'iITTW00o 

~,P!qtMffjj"~ 
[0027] fr TX q:,, ~4J:~~p{t OOt+tE!Ira'i~~;,frp~JJmvtl O frPlt 00 q:,' mrJ~x1~ll {tf=ITT PJ&5FO*& 
j£frjf!{jc, YfJ!riJ213)j O frY Tfa'i~q=t, 79Tfiff •5FOfa')S)jeyy~-m~;t§~JJJIJ~5fO~mITTt+tffira'i 
~om~i£13)j~~moo,ffl~ITTfflOO~filffi~ffl~ITTx#o~#~JJm~tt~-#3~~m 
HA~~~~ttITT¥~1$tt#&A~mh$o 
[0028J ~~ oo 1 ;Fo oo 2, 5tJJ'J OOJF T *W--i'-~JJmvtl aq ¥~1*tt1tt: ITT ta~ ITT:m fia *_ill 005¥o 
~~OOo 002¾m001ITTA~'~&~ITT~~OOo 
[0029] fr00 15¥000 2 q:,,*ffl--i'-~JJmVUITT¥~1*tt1tf:mYfiltJSf'Jff£ 10,*-WHRm 12, 
*=11!1Rm 13,;JO[gj 00~ 14,m~ta~ SLYAJ*m 16 5¥01%~§:~t~OO~ 2L 
[0030] mYfrf111£ 10 --1.JEx.•5LIX Rl ;FO{iLr•5LIX Rl MJllITTt~fo!l!!X R2o f¥{~tt$m 
Y~l'ifr•5LIXRlq:,o~-i'-r¥~tt$mYfilfflY$~hA~~~ITT~&--i'-T~~~1$ 
tr LST-:~1'-ff{ittt•x MC ;ifO~&--i'---1.½ttls11*tr UST o ~-1"f¥{i1tt$ mY~l'ifrl:5f111£ 
10 ~HITThfPJLo f¥{i1tt•5L MC mYfr~&--i"T~tls11*tr LST 5¥0~&--i'-L~tls1 
1$-g UST zJaJffl1Lm~5f073\.~ o ~&--i'-T ~tls11*tr LST ey Y:m l'ifrf¥{i1tt•5L MC ;FO 
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it fl£ 10 z.Ja]o ~~t~_¥q{it~J¥1.5L MC ITTffi~t& PT 12}_fil{$_¥t~fHE!!IX R2o §jjj-,, ,tftiaffipJ 12}_JJfu 
1m _¥ fr t~fHE!! IX R2 q:t ITT ;t§ 1ifil:'i} ITT4ij-i'-ffl ~ :tlL ti~ :tlt PT 12}_ fr t~fHE!! IX R2 12}_ ~ff-tt 7f :r:\:':fil:'i}, 
_ft ~ l/~H~ _¥ t~fff!I! IX R2 ITT t~ fff!ll ffi ~ o 
[0031 J ffi-~1ltfil 12 PT 12)_ fvrit Jt£z_t_ft fil:f:15 ~ ~;,f-Jfl/-, m~□1$~ $ s1li~~IL 1Ju 
~□ , PT 12)_ JHH1: a it Ji£ 1 o _tfil :'i} ~ ~fil ** nx:ffi - ~ 1&fil 12 0 a~ -t-1Ju ~ q:i , ffi - te ti fil 11 
PTl2}_1Et1ruAitJ1£ 10 ~ffi-~1&fil 12 zraL a--t-1Ju~q:i, PTl2}_:imttrPJHJt£ 10 :zz001$~~ 
~_¥IWJEi~&rm%nx:ffi-~1&fil 120 a-,t·1Ju~q:i, PT 12)_::;r-Jfi~ffi-tettfil 110 
[0032] ffi=~:t&fil 13 pJl2)_%nx:affi-~1&fil 12 _t, _ft ~ffi-~tltfil 12 ~~t~o 1Ju~□ , 

ffi=~:tltfil 13 pJ 12}_fil:j:r5~~fJfl/-, i~~DW~$s1lifilo 
[0033] ffi-~fji SUA ;fO SUB PT 12}_3fmffi=iJJH&fil 130 ffi=~tltfil 13 ITT%iKPT 12}_ El3ffi 
-J*fji SUA ;fO SUB *JEX.o ffi-~fji SUA ;fO SUB pJ 12}_fil:j:15 A ~ffi-J*fji SUA ;fO B ~ 
ffi-J*fji SLlBo Ji)r~ A ~ffi-~fji SUA PT 12}_ filtr1ifirr J¥1.5LIX Rl 5f0t~fHE!!IX R2 81:illJf.ITTffi 
-H~$,~rJ¥1.5LIXRl_ft~ffi-H~$ffl1i~~ITT_¥&--t-ffi=H~$12}_&Mffi-H 
~ $ Jjff$ _¥ t~ !HE!! IX R2 ITT _¥&--t-ffi - Ht~$ o B ~ ffi-J*fji SUB PT 12}_ ;ffJ l'i fr J¥i. 5L IX R 1 ;fo 
t~fHE!! IX R2 q:t ITT;t§ ~~{¥fit#: MB zraJ ITT:illJf. 0 
[0034] pJ 12)_fr:ffi-~fji SUA ;f0 SUB q:t%nx:ti:i [g'l 00~ 140 4ij,t-jJQ[g'I 00~ 14 pJ 12)_£filtr1i 
¥t1,t4m~mttAmITT§'.etifilo wu~o, 4ij,t-:ti:i[g'I 00~ 14 PT 12)_ filt!Sfirr J¥1.5LIX Rl :fOt~iuE!!IX R2 ITT 
mJf.ITTffi-~%00~o4ij,t-~[g'l00~14~PTl2}_filM~rJ¥1.5LIXR1ITTffi=~%00~12)_&~ 
Tt~fHE!!IX R2 ITT_¥&-1'-ffi- ~%00~ o 4ij,t-ffi-~%00~PT 12}_%nxfr A ~ffi-J*fji SUA 
ITT4ij1'-ffi-H~$ o ffi=~%00~PT 12}_%nxfr A ~ffi-3*fji SUA ITTffi=H~$ o ffi - ~ 
%00~PTl2}_%nxfr A ~ffi-J*fji SUA s{]4ij'i"ffi H~$o ~jj-,,jJQ[g'IOO~ 14 pJl2)_fil:f:15fft 
rJ¥1.5LIXRl~~MIXR2ITT~%00~o~%00~PTl2}_~~ffl~1¥~:tk:zOOITT:illJf.o4ij,t-~ 
% OO~PT 12}_%nxfr B ~ffi-J*fji SLlBo ftrm, :ti:i[g'I 00~ 14 ITT%iiz:f01irl'i PT 12}_r&~o §jjj-,, 
~~ffl~fil24PTl2}_~r~[g'I00~14_to~~ffl~fil24PTl2}_filM•~~~-~~o~~ 
ffl~fil24ffl~~~ITT4ij-t-ffi-q~fil15ITT~ffl~1¥filPTl2}_A~~*R&o~~~~,~ 
ts~]J3fil 24 PT 12)_£1*1¥filR&ITT 2. 5 fg o 
[ 0035] fil :'i} ta t1J s T pJ 12)_ 1ft T ffi = ~ :t&fil 13 ;fO :ti:i [g'I 00 ~ 14 z.__t O fil :'i} ta t1J s T pJ 12)_ fil 
t!Sffl1i:St~ fil:'i}ITT~ ~fil 19 ;foffi=tetifil 200 ~ ~fil 19 PT 12)_£~~1~_¥_t~1ls1~tg 
UST, ~~tls11*1'f LSI 5f01¥fit~J¥1.5L MC ITTffl~:tlto pJl2}_%nxffi=tetiFA 20 12}_,~FA:'i}ITT~ 
~fil 19 tet~o WU~□ , ~~fil 19 pJl2)_fil:j:15J$~$s1li,~ (W) ,mf,r.W (WNx) ,t}c (Ti) ,m{,tt}c 
(TiN) ,tEl (Ta) ,m{,ttEl (TaN) ~o 4ij,t-ffi=tetffil 20 pJl2)_,fil:j:15¥(~tm,mf,ttm~o 
[oo36J t¼J:i]tfil 16 PTl2}_f*r J¥i.n:IX RL t¼J:i]tfil 16 3fttfil1}tatzJ sr :foffi=~t&fil 13, # _ft 
~~t~_¥ffi=~tltfil 130 i¼J:i]tFA 16 PT 12)_ $5t~3f ttffi=~:tltfil 130 i¼J:i]tfil 16 PT 12)_5c ~ 
:!t!t:ic ~ 3f ttffi = tJJHltfil 13 12)_ Ht~ ~ l~t~ _¥ffi-~ :tltfil 12 o 4ij,t-~1¼1 :i]tfil 16 PT 12)_ A~ 3f JJt ITT 
q:i,t,$0 .tltfr, pJl2)_ffll'aJ15JR:l:1U'E§'.etifil 17 :1:JtJE3fJJts1q:i,t,$0 
[0037] 4ij,t-ffi-q{itfil 15 pJl2)_ffi,A._¥4ij,t-;;¼]:i]tfil 16 ~~~fil 19 zfaJo ffi-q{*fil 15 

PT 12)_ ~ ~4ij-i'-i¼JmFA 16 ITT11J!tl~o ffi-qfit fil 15 PT 12)_ filt!S _¥&--t-r¼Jm§'.etiFA, Jf1lisfit1¥ 
fil :fo ~~~Ji 13 fil O ~ffl fit 1¥ fil PT 12)_ fil :J:15 li 1,t tm, m 1,t tm , :t§ ~tt t4- , ~ * ,S', ~ 0 PT 12)_ :ltt-tv 
m nx: * = 1¥ 1* fil 1 s 12)_ ~ ~ 4ij -t-~ ~fil 19 0 * = 1¥ 1it fil 18 ~ PT 12)_ fil :rr1i _¥ &--t-t¼J m ;:e ti 
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fil, if ffl{iff ff fil to ~ 1PJ° p£L t~ fil o ~f ffl {iff ff fil PT Ll fil 1t 1ttft·'.fm, m 1-t 4m, t§ ~ tt-*4, ~ * ,[2, 1# o 
OO*ITTffi=ff~fillBPTLl~~~1PJ°~~filITT~ffl#Hfilffl-~'.fmo 
[ 0038 J 5]\. ~ _t~ :tl d€r f* ~ us T ITT tflJr ~ t& ITT ffi =1Xtii SL2 PT Ll iez Pi ~ tB £t 00 ~ 21 JiJTtJO'L 
vtl:tm, ffi=1x!Ji SL2 PTLl3f:ii~&~,t.~ ~fil 19 # Hiez~~§'.fl£i00~ 21 ji]TtJtJL Pi~tB 
£too~ 21 pJ Ll1'J.ffi=1x!Ji SL2 ITT ~i'flU!!;{$*qi~fil:i:£ati;J ST ITTT.mffi O vHm, Pi ~tB£iOO 
~ 21 PTLlfil1t•f-t1m,m1-t1m1#0 
[0039] ffi=1Xtii SL2 toffi=1xfii SL2 *ITTPi~tfltiOO~ 21 PTLl{irrJJi::i[g'IOO~ 14 z_to 
vtl~□, ffi=1Xiii SL2 * ITT~~tfl£i00~ 21 PT Ll{vrJJi::i[g'l 00~ 14 ITTffi=~IDOO~z_t, Ji1TJ£ 
JJi::i[g'l 00~ 14 {ftr •5LIK Rl * o ~ ~tB£f OO~ 21 PT Lll:jJJi::i [g'l 00~ 14 £:i: o fr 00 1 ITT~ fijJ 
t!TIOO *, R ifil1F T %nxfrffi=1Xtii SL2 *ITT~~ tfl£ifil 21 a<J{v l'io 4~:ilit*JM!IX R2 ITTffi= 
1xfii SL2 ITT:ill£fl:j%nx_t~:tla1f*~ UST ITTtfilt~tlitITT~~fil 19 ITT:ill£ft§r~PTLlrtJt*iffERIX 
R2 :ltt~:tl5-fil{$ o 
[0040] ¥~{*ff1!:f:PTLl:ltt~ffefiltt3f:iifil:i:§:ati;J ST ITTffi-1xfii SL3A, SL3B toffi-1x!Ji 
sL3A,sL3B * a<JJxtiitflttfil 22 0 ffi - 1Xtii sL3A,sL3B PT Llfr¥~1*ff1tt:ITTtumttl~LMrsJm 
fF~Pi~tEfilITTlE4H~tO%nxffi=~t&fil 13 ITTlE4H~ 0 ffi-Jxfii SL3A, SL3B pJ LlJE~13R Ll. 
illffi=~tlkfil 13, ~)En]§;i*Llfil{$~ffi~~1&fil 120 ffi-1xfii SL3A,SL3B filtt A ~ffi JX 
tii SL3A to B ~ffi-1xiii SL3Bo A ~ffi-Jxiii SL3A PTLl%nx1=Et§4~ff{iff~ MB z!'sJITTJ!lJJ!.o 
B ~ffi 1xfii SL3B PT Ll~J'ifr4ij'l't*iff!RIX R2 * o 
[0041 J ¥7Yr, ¥~t$ff1tt:PT Ll:ltt~:tl5-filJimr& oo~ 230 3~~~41:fil LlIDnx~ ~fil 19 
st, $1&00~ 23 PTLlfflfF_;tJ~L $,&00~ 23 PTLl{ftrt*iffERIX R2 ~fr;JQ[g'i 00~ 14 z_to $ 
i& 00 ~ 2 3 PT Ll 3f :ii fil :i: ta tiJ s T ii Jl~ ~ Al ili!fil 16 ffl [AJ ITT%~ o 
[0042] ~~00 3, 007F T:tfRffl~-t-~JJ'mvtlITT¥~t$ff{tf:ITT£a;MJITT~ fij]fJ\1.00 0 00 3 ~00 1 ITT 
~:ltt~~ofr~~*'~~T~~~~001®002tt~_tJ£ITT~JJ'm~fflJ£ITTftffl~~ITTffl 
J£o 
[0043] fr00 3 *, El3rPTLl~%nx~□ oo 1 ?H/4'El<J B ~ffi~1xfii SUB, ~1'tPTLl~1~~h R 
'JITT~/J\ o 
[0044J ~~00 4, /4'tl::I Tt!-zffl~'l'~JJ'm1Ytla<J¥~t$ff1!:f:ITT£a;MJITTtfUOOOOo 00 4 ~00 2 ITT~ 
:ltt~~iiifil/4'Tl:j002*ITTIK~BfflEITT~:ltt~~ITT§:a;MJofr~~*'~~T«~~~OO 
1®002tt~_t~ITT~JJ'm~fflJ£ITTftffl~~ITTfflJ£0 
[0045] aoo 4 *,;JQ[g'IOO~ 145fOffi~JxtiiSL1A PTLl3f:iiffi=~tlkfil 13 toffi~~1Rfil 12 
rm fil f $ ~ ffi ~ tB £tfil 11 13g T,m 00 o 
[0046] ~~00 5, 00/4'Ttlztlisifil/4'T 00 2 ITTe1:lttiJU~ITT~-i'-~JJ'miJUITT¥~t$ff1!:f:ITT£a;MJ 
ITT~~OOofr~~*'~~T~~~~001®002tt~_tJ£ITT~JJ'm~fflJ£ITTftffl~~ITTffl 
J£o 
[0047] fr00 5 *·ffi=1x!Ji SL2 PTLlJE:~13RLl~~3f:iifil:i:§:atiJ SL ffi=1xfii SL2 5fOffi 
-Jxtii SL3A PTLl[AJSt%nxiiJl~lt,$:_t:;t§[AJITT13R&o 1xfii~~£ffil 22 PTLl%nxfrffi=1xtii 
SL2 5fOffi-1xfii SL3A *o ¥7Yr,JJi::i[g'IOO~PTLl1ftrJJi::i[g'IOO~PTLl~l:jffi=1*iii SL2 toffi-
1Xtii SL3A £:i:ITT{lll'io 
[0048] ~l'ifrffi=1xiii SL2 ~ffi -1xfii SL3A z!'sJ ITT1~ili!fil 16 a<Jif; PT Ll~~o ¥,Yr, 
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itJ m:m 16 PT Ll fEt ~ l'iP>Z ~ lifi We.Ji, i~ ti□~~ mt icJt ta ;MJ o 
[0049J ~~00 6, 007FTtlzffl~~~JM1JtlITT¥:~1*ff1tt:ITTfa;MJITTHHiOOo 00 6 H7FTOO 2 
ITT~*~~oftT~~.~~T~*~~001®002tt~_t~ITT~JM~ffl~ITTWffi~~ITT 
ffl~o 
[0050] aoo 6 ~, PTLla*~iJJH&fil 12 ITT$5J'-JwOO_t%JvZ*=i!Jlt&FA 13,Ji)r~*~~t& 
fil 12 ~J'ia1gm:fil 16 l:j4~Jli*~~tLzfil 1213gygm:fil 16 ITT!t£fm*OOzJsJo [1:!]$PTLl%P>Z 
a*=~tLzfil 13 ITT*OOo *=~tLzfil 13 ~ITT[1:!]$PTLl%P>Za*-1xtiiSL3A TOOliA~ 
rt* ~tii SL3A £:XITT'oo:&o *=~i'&FA 13 ~ ITT[1:!]$PT Ll ~l~t~:¥*~1xfii SLlAo *= 
t¥1itfil 18 pJ Lla*=~tLzfil 13 ITT[1:!]fm*OOz_tfil1$ 0 tJtJE* - ~iii SL3A ITT~fiittt~fil 
22 pJl2J,J[,f$:¥*=~{Jfil 13 ITT[1:!]$*fc~j:jJE*=~fhZfil 13 ITT[1:!]$o 

[0051J ~~00 7, 007FTt!RtJi5~,t-~JM1JtlITT¥:~1*ff1tf:ITTfatiJITTtftl0000o 00 7 ¾00 6 ITT 
~*~~liH7FTl:j006ITT~~cffl@ITT~*~~ITT~;M)oftT~~.~~T~*~~OO 
1®002tt~_t~ITT~JM~ffl~ITTWffi~~ITTffl~o 
[0052] aoo 7 ~,tj3'E*-3*fji SL3A a{J1xtiittt~FA 22 PTLlfilf$:¥*=~tLzfil 1313{][1:!]$ 
3f ii 'E1tEfsJpjjt AGo JiJr~fsJ rJR AG PT Ll¾~'4.13JR o fsJ rJR AG PT LlJlllcl'iftt§4~i¼Jmfil 16 ZfsJ ITT 
~~~fsJ~o fs]p~ AG PTLlWcJ'iftJ1D[a']00~ 14 '=ii¼Jmfil 16 ZfsJ13g~~~fsJ~o fs]pjjt AG PT 
Lla* -1xtii SL3A ft7I(f7JIPJLfil1$ITT1JIPJ_lfil{$ 0 * -1xtii SL3A ft7I(f7JIPJfil1$ ITT7J 
ri'uPT LlJEx)9l:jlf ff£ 10 a{J*OOfff a{J1Jri'u 0 
[0053J ~~00 8, 007F Ttlzffl~,t-~JM1JtlITT¥:~~ff1tt:ITTfa;MJITTHHiOO o 00 8 ¾00 6 ITTr:15( 
*~~oftT~~.~~T~*~~001®002tt~_t~ITT~JM~ffl~ITTWffi~~ITTffl~o 
[0054] aoo 8 ~. PTLla*-1xfii SL3A 13{j{IJ!U~L%P>Z1xtiitBf~FA 22 *HJJt~ufilii:£a 
;MJ ST ITT*-~fji SL3A ITT~,t.,$0 1xtiittt~fil 22 PTLlft*=~i'Lzfil 13 ITT[1:!]$*00z_tfil 
,f$ 0 1:frr* - 1xtii sL3A :7r oo ITT1xtiittt~m 22 PT Ll~*_t fffr FA ii:£ttzg sT ITTTwOOfil1$ 0 
El31xtiittt~fil 22 3TJJtITT~-1xtii SL3A ITT~,t.,fmPTLlEB~~t&~ 29 tJJ;JEo JiJT~~~t&~ 
29 pJ Llfil1$ Llt~fffm*=~t&FA 130 ~~tLz~ 29 PTLla* -1xfii SL3A ft7I(f7JIPJ_lfilf$ 
ITT1Jri'u_tfil1$o ~~1&~ 29 PTLl~4:7ri'mJMJJ□ ITT~~ff,f~.im:¥*=~tLzfil 130 ~~tLz~ 29 
PT Ll filtE$ s1limtA~ rt$ s1li1~ITT ~f-llITT~~tJt4o 
[oo55J a~~oo 1:¥008 ITT_t~~JMvtl~,atm[a']OO~ 14 l:jfilii:~ttJ sT zrsJ*M~11: 
1PJ FA, ifr:¥*%P>Ztut~F,Jl:f3fil 240 PTIHt:lfil, to [a'] 00~ 14 pJ LlI'H~t~fH!i!filii:£atig ST 13{]*= 
ttt~fil 20 ITT ff£fil o 
[oo56J ~~oo 9A :¥00 12A" oo 9B :¥00 12B LlR.OO 13 :¥00 16, 007F TtumtLz1m~~~JM1Jtl 
ITT¥:~1*ff1Cf ITT7JY!ITT tfH½'. 00 o 00 9A" 00 lOA" 00 llA ;fO 00 12A ~~ ~f,½1.00, 00 9B, 00 lOB" 
00 1 lB ;fO 00 12B ~7fJJIJJA00 9A, 00 lOA, 00 1 lA ;fO 00 12A ITT A-A' ~~lRITTtfUf,½1.00 o 
[0057] aoo 9A ;fOOO 9B ~. PTLlftH!t£ 30 _l%pjz*~ttt~fil 3L !lt:7r, PTLla*~ttt~ 
fil_t 31 %JvZ*~~tLzfil 320 *~~tLzfil 32 PTLl~filtEti~$s1lim "~~fil~ITT~~filo 
[0058] t~T *· pJ Lla*~~{&fil 32 _l%pjz*~4Jffi4ifil 340 a*~4Jffi~ifil 34 %P>ZZ1W' 
PTLla*~~thZFA 32 _l%JvZ*=Wittfil 330 *~41ffittm 34 PTLlfiltEt§x1r*=:tlffi4ifil 
33 A~ r,§'JtUti~1l·t1:ITTi'Jt4o 1Jtltz□, *~4Jffi4iFA 34 PT Ll filtE3ct~~$s1lifilmtt~~$ Ef§li 
m O !lt:7r, *=:tlffittm 33 PT Ll fil1i~1t1mmt.m1,r.1m 0 
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[0059] t:~fF *' m~Jxtii SUA 5f0 SUB PT Ll'¥ ttm~ffitim 34 rm%JvGo 5j:>7r, PT LltE~ 
,t-m~Jxtii SUA ;;¥0 SUB q=t%JvZ1Ji:i[gj00~ 350 m~Jxtii SUA ;;¥0 SUB PTLlJE.~i*Ll'¥tt 
m~ffitim 34 *••m=ffitim 33,m~~tlkm 32 QXm~t{g£tm 310 a%nx:m~Jxtii 
SUA ;;¥0 SUB z.J§, PT Llam~~tbzm 32 _t%JvZ1JQ [gjm 12)_:f:JJ;JEm~~fji SLlA ;;¥0 SLlBo t~ 
r *, pJ Ll ft1Ji:i [gj m-f :l:B ft1[ JU. a*~ ffi tim 34 ITT* 00, Ll ~ pJ Ll % PX J]Q [gj 00 ~ 0 ~□ Ll 
_t~~oo 1 ;;¥0 00 2 ITT:ta'i~, m~~fii SLlA ;;¥0 SUB pJ Ll filt!i A ~m~Jxtii SLlA ;;¥0 B ~m~ 
~iii SU Bo ~□ ]2)__t~~00 3 ITT:ta'i~, pJ Ll::;f %JvZ B ~m~~tii SU Bo 111=! [gj 00~ 35 pJ Ll~ 
filt!i~1-t~, ffl.1-tt?JJ~ 13{]t{g£iFA o ~□ 00 9A ;;¥0 00 9B Jifr7F, JlQ [gj 00~ 35 PT Ll filt!i~% 00~;;¥0 
.% % 00 ~ o 1't rm , 1Ji:i [gj 00 ~ 3 5 ITT 1ft 1'i ;;¥0 Hi ~lj(i=:iJ Ll t& 1t o 
[oo6oJ aoo 10A 5Fo oo 10B q=i, PT Lla:1m [gj oo~ 35 '¥ttITTm~ffiti~ 34 z_t%nx:m,A:£a 
:ftJ s1o m,A:~:ftJ sT PT Ll fil:t!it§1i~ ~ m,A:ITTm- ffitim 36 lom=t{g£tm 37 o m- ffiti 
m 36 PTLlJl~t§xt-=rm=ffitim 37 ITTr,§'JtUt!k~tftL 17U~□ ,m-ffitim 36 PTLl'EL:t!iw.1-t 
tm O !It :>1r , m = t{g £tm 3 7 PT Ll fil :ti ¥L 1t tm 0 
[0061J * ffitifil 36 ;;¥om=t{g£iFA 37 PTLlJl~t§fqJQX::;f[q!ITTJ-'&o 5j:>7r,am=t{g£t 
m 37 zq=iITT~*1~ 30 Jfd21ITTT~mlom=t{g£tm 37 ITT~i1~ 30 ~:iliITT~mPTLlJl~ £Jffi 
AT A rs:1 a{] :1tftflt{g£~fil t§ l::t £A ITT J-' ft O * =t{g£tfil 37 ITT ~m pJ Ll~ ]'[73 £J * - ffitim 
36 ITT~mffl rt£3:ilif1 ~ 300 ~1:iJi!-tJl, m=t{g£~m 37 ITT~m PT LlJEx.m,A:£a:tzg sT ITT~ 
mo 
[0062J a%nx:m,A:£r1f:tzg sT zmr, PT LlHimtLlt!kpJtt3m EBL PT Ll%mtLltiPilt3m EBL * 
11/J ltfil11:~:t~ ST ITT~FA ( epm=t{g£iFA 37 ITT~fil) 1=E~J§ITTtLlt!kttfiWHsJ1BltLlt!k5F01t~o 
tLltiPilt3m EBL PT Ll filt!ifflx1rm=t{g£iFA 37 Jl~ r,§'JtLlt!k~tf·ti.s{];tJ;JGJ.o fitl~□, tLltiPilt3 
m EBL PTLl'E1t!i£Jm-ffitim 36 :t§[q!ITT;tJ;flj.o 
[0063] :t~r*,m~:rf □ OPl PTLl'¥ttfil11:~:t~ ST,tLltiPil:t3m EBL ;;¥om~ffittFA 34 rm 
%mo m~:rf D OPl PT Ll}G~'¥ttm~ffitim 34 LlJ.[1$~m=ffitim 33 QXm~~:t&m 320 
5j:>7r, m~:rf D OPl PT Ll1ftr •5r,[[QX1~1§!1![[ o fvr •5L[[ ITTm~:rf D OPl PTLl~i~m:JLo 
5j:>7r, fftr:t~iff!l![[ ITTm~:rf D OPl PT Ll~Eff£i&JLo 11gm:JL PT Ll::;f£J1JQ [gj 00~ 35 11!11:, rm Eff£ 
19: JL PT Ll ::;r-£J 1Ji:i [gj 00 ~ 3 5 11! 11: , QX PT Ll ~ 1Ji:i [gj 00 ~ 35 _m 11: o 
[oo64J am~f¥fitm 38 PT Llam~:rf □ 0P1 q=i%nx:zFo, PT Lla:tt q=i%nx:11gm:m 390 3 
1~ m: m 3 g Jl~ q=i ,t, * tt $st, PT Ll a ~1g m:m 3 g q=i * m rs:1 l5JR :1:JJ; JE t{g £tFA 40 o 
[oo65J a oo 11A 5Fo oo 1 m q=i, m=Jxtii sL2 PT LlJ.J.m - ffittm 36 zq=i ITT~iz1 ~i1 ~ 30 
l't{]J~fil'¥ttfil11:£a:fi;J ST JU_¥&~,t-J1J~ITT* ffittfil 36 rm%JvGo m=1xfii SL2 PT Ll%JvZ 
1=Efftr•5L[[ITT1JQ[gj00~ 35 z__to m=~tii SL2 PTLl£J1JQ[gj00~ 35 _m,A:o 
[oo66J :t~r*, PTLlam=Jxtii sL2 q=i%nx:ri~t{g£too~ 4L %nx:am=1xtii sL2 q=tITT 
~~ffi~m41PTLl'¥ttm11:~:fi;JSTITT_t$#H£J~r•5L[[ITT~[gj00~_m,A:o%JvG*= 
~fii SL2 zJ§' pJ Ll%JvZt{g£iFA ]2)_:f:JJ;JEm=1xfii SL2 0 1~ r *' pJ Ll ftt{g£iFA f:l:§_ 1-ti*%JvZ 
ri~t{g~~OO~ 4L ri~t{g£t00~ 41 PTLl£Jm=1xtii SL2 ~:t-¥:%nx:1=Em,A:£j1f:tzg ST z_to 
[0067] aoo 12A ;;¥000 12B q=t, m-1xfii SL3A ;;¥0 SL3B PTLl'¥ttFA,A:fa:fiJ ST ;;¥otUt!kri!.13m 
EBL rmJfiJvGo ~~,m-Jxtii SL3A 5f;O SL3B ITT_t$5f;Or$PTLlJl~t§~ITTM&o 1=E~~7J~ 
q=t, A _t $PT Ll l::t:tt r $'00'. 0 ~□ ]2)__t~~ 00 1 ;;¥0 00 2 ITT:ta'i~, * - Jxtii SL3A 5f0 SL3B pJ Ll 'EL 
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tE A~* -~tji SL3A 5f0 B ~*-~t;i SL3Bo *-~!Ji SL3A to SL3B pJ LlJ=l=Hi:*Pi*~ffi 
41:fil 341¥JlE4H£tOJ=l:lrIDAA*=~tRfil!'t<Jlf-tH£o * J*f;i SL3A to SL3B PTLlJE~i*Ll~~ 
5?':tlfilii:~tig ST tO*LltirJi13fil EBL *•a*~ffi4ifil 340 !h,r~, *-J*!ji SL3A to SL3B pJ 
Ll fir r ;t§ 4~ ff 1ittk: MB zJa] 13g :ii1 ~ EiJH~ fo!I! IX q=t 0 
[0068] 00 13 q=i,*~ffi4ifil 34 PTLlt£83*-J*!Ji SL3A( 00 12A q=tl¥J SL3B) ~tlt't:l:fil* 
Pi*IDAA*=n □ OP2, Ll1ll.!tffi~¥1JJHfil 39 !'t<J$73'-*~1ffitfil 38 PTLl83*=3f □ OP2. 
a o PT Ll::;f*[)irm ¾15iHjIDAAfr*~ffi4im 34 q=i i¥JJJQu'!J oo~ 35, :tm u'!I oo~ 35 x1tfilii:fa 
tiJ ST *1*¥-f*=n □ OP2o ~i=iJi!iR.,*=n □ OP2 PTLl83JJPu'!i00~ 35 fiJE:l:fil1*¥.fo !ft 
,r~,J]Qu'!JOO~ 35 PTLlrJJltIDlvZfr*=n □ OP2 z__t1¥Jfilii:~tig ST 1¥11~*-{mtfftlj:~o 00 13 ~ 
OO~T!X~Do~~~~!X~D~*l¥1001U~OOlmWmffl:l£friX~Dq=t~frl¥J:tt~o 
[0069] t~T*, PTLlfr*-J*fji SL3A( 00 12A l¥J SL3B) q=i%AA1*1?fil 420 1*1?fil 42 PTLl 
70AAfr* -J*fji SL3A ( 00 12A 131 SL3B) 1¥Jf!J1tlfil_t*f*¥-f*=3f D O P2 ~* -J*!ji SL3A ( 00 
12A 1¥J SL3B) Z fa] 1¥J ~1~o ?l 1m, * - J*fji SL3A ( 00 12A 1¥J SL3B) 1¥J fl£ ffipJ Ll ::;f ~ ~ 83 
1*1? fil 42 t~~o 1*1J=l fil 42 PT Ll¾'ftE%81 Llfi1ij~W&PT LlN'-* -J*!Ji SL3A ( 00 12A l¥J 
SL3B) _t$~4~ili*1fl£ 301¥J~T$~ittf~&o 5j,7~, 1*1?fil 42 PTLl~* -J*t;i SL3A( 00 
12A l¥J SL3B) ~tlIDAAfrfilii:~tiJ ST z._to ¥Hz□, PTLl5¥LlJ=l:L~~~&l¥J'6'Pfr1i:ffiEtt81VVf9' 
7J¥!,mtz□~~-=F~tfB1iHt:'¢~fflvU9' (PE-CVD) %AA1*1?fil 420 tzo_t}i)T:l£,:®ufr*-J* 
fji SL3A( 00 12A !'t<J SL3B) 1¥Jf!J1UfilL70AA'ftE%1¥11*1?fil 42, PTLl~/J,4ij'i"*-J*!Ji SL3A( 00 
12A l¥J SL3B) _t$tOT$z.faJl¥J'OO'.&&o ff1?fil 42 PTLlfilttt§x1f*~ffitifil 34 Jl~ r,§j 

*Llt!k~1lli.811J;JElj., * H filttmf,tim O fr* -J*fji SL3A ( 00 12A l¥J SL3B) q=t%AA1*1J=l m 42 
zf§, PT Ll *~*~ffi4ifil 340 
[0070] fr00 14 q=t, PTLl*P*83*=3f □ OP2 •ai¥J*~1ffitfil 38, Ll1ll.!PTLl:imtt*=* 
D OP2 $73'-:l:m•a11J:iHfil 390 3*~1ffitFA 38 J!1$~*~~tRfil 32 a1, $73'-*~1ffitfil 
38 PT Ll1*ffifr*~~tRfil 32 q=i o 
[0071] 3*P**~1ffitfil 38 B-t,~PTLl*~*=ffi4ifil 33 to:imtt*=n □ OP2 •ai¥J 
*LltirJi13fil EBL :jjy'~, PT Ll*Llti*tEz1*1J=l fil 4211:ffiEll:®tt* - ~tji SL3A ( 00 12A l¥J SL3B) 
T$.illl¥J* -ffi4ifil 36 to*=ti~J%fil 37 o 3*LltifiltEfr*~1f,fitfil 38 q=i !'t<J$~fila1, 
PT Ll~1$li.:l:m*Llti* -ffitifil 36 wt*=ti~J%fil 37 o 1311ft, ~Ff:1:8 ·ti.PT Ll%AAfr4ij~* -J* 
fji SL3A ( 00 12A 1¥J SL3B) 1¥JT $ o fJtltz□, **Ez1*1? FA 42 rJi13 !'t<J*=tfl£%fil 37 PT Ll !:t* -
ffi4ifil 36 1Ez*Llt1!1ij £¥* o fr~'i"fJtl-=F q=i, PT Ll ff ffi1Ez*Llt1!1¥J* -ffittfil 36 Ll 1ll.!tEz*Llt1!1¥J 
*-ffitifil 36 ;t§f:t*=tfl£%fil 37 PTLlri'D*-J*!ji SL3A( 00 12A 131 SL3B) B<JP-J$£8tBo 
~~~~00 17A ~00 17D Wtffiffl:l£*~*~1ffitfil 38 1¥Jtt:f11L 
[oonJ fr00 15 q=i, PT Llfr*=n D OP2 q=iIDAA ~tt'lt~~11J:iHfil 39 1¥J*=~l&FA 430 fJtl 
ti□ , lLlffl 83*=* D OP2 •a1¥J11J:iHfil 39 fF79flP-=F, *=~tRfil 43 pJlJ,},)d'tgJ]!fil 39 ~1$ 
~~*o*=~l&FA43PTLlfilffi$~lifilo 
[0073] fr00 16 q=t,*j)ifU~l¥11*1?fil 42 z.J§, PTLl§:£83*-J*fji SL3A( 00 12A 1¥J SL3B) 
*~tl·ti.~*j)iffi-ffitiFA 36 *IDAA* -3f D OP3o 83r*=tfl£%FA 37 PT Ll El3itJ:iHfil 39 
to P~ ~ tfl £% 00 ~ 41 x 1$:, 131 lft PT Ll t~ JJQ ~ tig l~ IE tL 
[ 007 4] Yi y'~, ;ftHlr5 _t:)£ ~Ff :1:8 fa tig , 83 T ~ ti ·ti.:l:t!!*Ll ti fir T filii: fatig ST T $1¥1 ~ ® * = 
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;:B§ifil 37, l~LtftPT 12,IJ~JJQtFi"'* - ~!ii SL3A C 00 12A l¥J SL3B) 1¥JTM& o ~llt, 1=.,:fzo 00 12B 
Jifr;,r-l3{j*-3*fiiSL3A( 00 12A l¥J SL3B) B<JtJJ~tfatiJt§bt., PTLl<mtVJ,*-3*fiiSL3A s<J~ti~ 
1iJ 1¥1 _t $ 5¥□ T Wz fsJ l¥J M&&. o 
[0075] tiT *' pJ Lla* - 3f D OP3 q=i%nx:~ ~fil 440 1Jtl:tz□, fr* J'*!ji SL3A ( 00 12A 1¥J 
SL3B) 1¥Jpg~_tt□*-3f □ OP3 q=i%nx:~~f,f7f-'to Jlt>1r,imn*~%nx:a*-3*!JiSL3A( 00 
12A ITT SL3B) ITT pg~q=i 1¥1~ ~;;f-Jf4, PT Ll%nx:~ ~fil 440 ~ ~fil 44 PT Ll~* -3*!5iSL3A ( 00 
12A l¥J SL3B) Pr%~ o 83 T* -3*fji SL3A ( 00 12A l¥J SL3B) 1¥JTM&l¥J:1:~;1JQ, PT Ll~~Jtl!*~ 
%nx:a*-3*fiiSL3A( 00 12A B<J SL3B) pg~_t13q~~:tJ*4, Ll'U!~~~ 44 pJl:::J,~~:ltMi* 
- 3*fji SL3A ~ ~ o 
[0076] ~~fil44 PTLlfiltE~ (W) o Yi>'r,fr* 3fD OP3 q=i%nx:~~fil44Zlru, PTLla* 
- 3f D OP3 q=i:itt:~W%nx:*=1¥{itfil 45 ~j)_§J3fil o !1Ji13fil PT Ll filt§lt (Ti) ,ltf-tt}c (TiN), 

iii (Ta) <ffl,{tJEI. (TaN) , ffl,f,l::,~ (WNx) 1# o 

[0077] tiT *' PT Lla4ij-f-* -3*fji SL3A ( 00 12A l¥J SL3B) q=i%nx:1*!Ji§B§ifil 460 3*tii 
§B§ifil 46 PT Ll filt§• fttm o 
[0078] t!Hi_t~tLlm:1JY!, pJ Lla*~ffit:ifil 34 q=i%nx:JJQ[fu 00~ 350 ~llt, pJ Llfr EB}]Q 

[fu 00~ 35 :3Z.Jll¥JfiJEtafiJ q=iJA:ff%nx:*=3f D OP2 1¥Jtt;fi, *~*~{¥fit ~ 38 1¥Jttti Ll 
R.%nx:*=illH&fil 43 1¥Jtttio :'h>1r, iffitt%nx:~~§B§ifil 41, PTLlfiij~:l:m{t_tm;1ltfllr~1& 
§B§io llt>1r, PTLlfrEBPr%~§B§i00~ 413t1#s<JtiJEta1iJq=t1Aff*~*-ffit:iFA 36 1¥Jtttio 
:'h>7r,:imtt5¥LlJ=IH~Hftfil 42, pJl:::J,m;1$'~:i:l:il!*~*EB*=* □ OP2 •:ni¥J*~{¥{itfil 380 ~Yr, 
~st,PTLl:l:~jJQ4ij-f-*-3*!5iSL3A( 0012Ai¥JSL3B) 1¥JTM&o 
[0079] ~~00 17 A~ 00 17D, 00;,r-T iR. ~JH~ffl~-t-~nffi:{Jtl a<Jtum¥-~1*ff:1tf: 1¥J:1J1!1¥J$ 
71\.:fvckOO o 00 17A ~00 13 1¥][>{~ D 1¥JJJJCk00 o 00 17B ~00 17D ~00 14 1¥][>{~ D 1¥J:fvl:jc00 o 
*~**~1¥{itfils<JJ11mft:i1:ti~~oo 11A ~oo 110 iim~:tz□T 0 
[0080] a 00 17 A q=i, *~{¥fa~ fil 38 PT Ll filt§ ~ ~i'kJmfil 39 1¥Jt1gm§B§ifil 38C, ~ ~;;Jg.il[ 

§B§ifil 38C 1¥JJj(ffl{it1¥FA 38B to ~~~tlr5fit1¥fil 38B l¥J ~wl1Ji13fil 38Ao ikJm§B§ifil 38C 
t□ ~wl1Jit3fil 38A PTLlfilt§.ittmo llt>7r,~fflfit1¥fil 38B PTLlfilt§ffi.f,r.~o Yi>'r,*-ffi 
t:ifil 36 PT Ll filt§ffl.ittm, *=§B§ifil 37 PT Ll filt§• {,t_~, *=ffit:ifil 33 PT Ll filt§• 1-1:A?J, 
:'h>'r,:fz□ OO 13 ~00 15 JiJr;,r-,~tftfil 42 PTLlfilt§ffi.f,r.~o 
[0081 J 3%nx:ffi=3f D OP2 st, ~wl1Ji13fil 38A,~Llt:al1]J3fil EBL 5f□ *=ffit1fil 33 s<J~fm 
71\. PT Ll rn*=3f OP2 •Ko ~Ut.9!!1Ji13fil EBL PT Ll%nx:1'1Jl~ 1=.,~j(fflfit1¥fil 38B t§ bt.£:AITT 
JI1. & , Ll 'U! aJJi:tlr5fit 1¥ FA 38B l¥J ~Llt!kttfijl:JHsJ ~1ffi'. * ~i o £Jl 1*:l:il!, ~Ll ti 11£1. 13 FA EBL l¥J JI1. & 
PT Ll ~Jj(ffl{it 1¥ fil 38B l¥J 2. 5 fg o 
[0082] aoo 11B q=i, iffitttA:ff~ut!kttti*~rn*=* □ OP2 •:ni¥J ~w11£L13fil 38A *• 
£~j(fflfit1¥fil 38Bo PTLl~Llt:arn*=3f D OP2 •Kl¥J*=ffittfil 33 t□•Ka*-3*fiiT$ 
1¥1*=§:B§ffil 37 0 :'h>7r, PTLl15F:ffi%nx:a*~~tlkfil 32 ~*=ffittfil 33 q=tl¥Jfm71\.~WPli 
13fil 38Ao 
[oo83J ~~oo 11c, :imtttA:ff~ut!kttti**~ rn*=* □ OP2 ~K1¥JJiffl{it1¥fil 38B, PT 
Ll•K1iJm§B§ifil 38Co illPTLlxt~Llt:al1Jit3fil EBL :itt1r~Lltio 3~LJt!kl1Ji13fil EBL 1¥JJI1.&1=., 
iJcffl{it 1¥ fil 38B s<J JI1. &t§ili:st, aJj(fflfi{t{f fil 38B s<J~Llt!kttfijl:)j j's] PT Ll * ~~Llt:al1Ji13fil EBL 
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ri•am=;:{g£ffil 37 Enfl£filo :tmtJ_t~~00 17A 1¥JWi:'r£, §t,Jtij)_§J~fil EBL IBW&::kr~ 
ffi{itf¥ fil 38B ITT W&S1, PT Llf=EJJl:ffi{itf¥fil 38B l't{JtUtii1f¥JtJHaJ~&tutiPll1~fil EBL ITT R 
& 0 ep{t 3tA1r~ffi{itf¥ fil 38B 1¥Jtutii1f¥]'[iU:!JillrtJm:§:E£ifil 38C S1, ill pJ lJ,:::;r-¾~~ 
~rmUffiA~ffl§::kfl1&1¥J~~~~fil~LLlU~ffi=ffi•FA37Enfl£filo 
[0084J 5jfr, §tUti~:t,,@{itf¥fil 38B s,t, ill PT Lltuti{~ttft fil 42 _¥JinJEW&o ta*, PT Ll3m 
i1tu ti ag U 1? fil 42 El3 4ij ,t-ffi - ~ iii ITT fl£$ :!Jill - ~ ffi - ffi li fil 36 5fO ffi = ;:{g £1 fil 3 7 o U 
1? fil 42 ITT W & PT Ll f=EJA 4ij1'-ffi - ~iii~$ _¥A fl£ fflL lliJllf tt fl£ 30 ITT IPJ r :1JIPJ _t~$$Jr ~& o 
~Jlt, §tuti1*1? fil 42 s,t, PT Llf=EJA4~:ilitt fl£ 301lftl l't{Jr fil 7J IPJ _t 4& {'JZ:l:i!!:!Jillm -ffilifil 
36 5fOffi=§:{g£ffil 37 0 ia*, 4~:ilitt fl£ 30 Enffi -ffittfil 36 !¥Jr fil pJ LliitutifibtA_tfilt*, 
JA w 1=E 4ij-t-m -1*iii ag r w * rnt~k ~Ff :f:B 0 
[0085] ~~00 17D, PTLl3mi1tfaArtutii1f¥*~~El3ffi=:ff D OP2 •a1¥J1t)il[§:{g£ffil 38C 
rm:!JillitJm:fil 390 §tuti11Jm:§:{g£ffil 38c st, :tm oo 17c Jift7Fl¥JJ1J*1¥Jtutij)_§J~fil EBL PT Ll 
1*1? ffi = ;:{g £1 fil 3 7 ITT fl£fil o ~ JJt, PT Ll ill:%ffi = ;:{g ttfil 3 7 ITT fl£ fil ITT W & 1Jn ~ Ll 1*ff § -tJF P1 
&o §tUti11Jil[§:{g£ffil 38C s,t, PTLl~j)i:fmOO 17C JiJr7F, El3ffi=:ff D OP2 :!Jilll¥Jm=ffitifil 
33 Ll.illffi-~tRfil 320 5jfr, §tUti11Jm:§:E£ifil 38C s,t, PT Ll ~PiiW?J\. ~wj)_§J~fil 38Ao 
[0086J 5jfr, §tUti11Jm:§:E£~fil 38C S1, PTLli~**i1*1?FA 42 5filf.Bg ,_ftEl3ffi-~!iir$ 
:!Jilll¥J-®ffi=;:{g£ffil 37 tuti_¥JinJEW&o PT Ll~Pi:tmOO 17C JifrJF,f=EtUtii1Jm:§:{g£ffil 
38C Ll:!Ji!IY¼JJ]!FA 39 z_J§JU*Et{Jtutij)JH~fil EBL ia*, PT Ll:!Jillffi=§:E£1FA 37 Ef{jf1£FA ag 
fl£TIIL 
[ 0087] § tu ti _tj£ffi - {¥{it fil 38 s,t, PT Ll tuti A~ :::;r- [Pl 13g tu ti~ t:$ ·ti. ITT ffi = §:1g£f fil 3 7 
5fOffi ffittfil 36 _¥:::;r-[P]W&o ~JJt, f=EtUtiffi-r¥fitfil 38 z._J§, 1*ffif=Effi-1*iiir$1¥Jffi 
=;:{g£ffil 37 5fOffi-ffilifil 36 PTLlk><..~Ff:f:B&o ffi-ffilifil 361¥Jtuti1¥Ji1J!UA'lft-!:jffi=§:E 
•fil371¥J~~1¥JW~ffl~PTLl1PJ4ij1'-ffi ~~1¥J~W*-ffe8ilio 
[0088] ~~00 18 _¥ 00 21, 007F T i_H. llJH~ffi~m'!H1U ITT :¥~1*~1t=tl¥JfffUm7J¥!:ff H~7F T 

%MU~fill¥J~*l¥lm~1¥J~~0001=Er~*'~~T_t:r£2Wi:'r£1¥J~~m1¥Jmffl~ffl¥J 
Wi:'r£ 0 

[0089J f=E00 18 *' PTLlf=EHfl£ 50 _t%Mffi-§:{g£ffil 5Lffi-~tRfil 52,ffi=ffitiFA 53, 
ffi-ffi tt fil 54 5fO JJQ '1'IT 00 ~ 5 5 o PT Ll 1=E A _t % M reHt ;t§ 1i ~ ~ fil '1i l¥J ffi - ffi tifil 56 5fO ffi = 
§:{g£ffil 57 13gfil,l:ta,tlJ ST O ft%Mfil'1i~,tlJ ST ZlW' PTLl*-ffe%MtUtiP1H~fil EBL t~r 
*· PTLlf=EA_t%Mf¥fitfil 58,y¼}il[fil 59 iOfaJMt:f:1tJ'E§:{g£ffil 600 Jltfr, PTLlNdi'e~Hfl£ 50 
~:i211¥Jffi-ffilifil 56 1¥JJmfil3fi1fil,1:~,tlJ ST _¥_¥&-1'-JU*Enfil*%Mffi=~iii SL2o 
ffi=~tii SL2 pJlJ,ffl!Wj~§:{g£f00~ 61 :f:1tfto 
[0090J :t~r *· PT Ll 3f i1fil'1i~,tlJ sT 5fotut91j)JH~fil EBL %Mffi- ~tii sL3A Ll:!Jillffi­
ffitifil 540 PT Llf=Effi-1*tii SL3A *%JvG1*1ft fil 62,63,640 1Jtl:tm, PT Llf=Effi- ~iii SL3A iO 
fil'1ita,tlJ ST 13g*ffi _t%MA~:f:?J>JJ!J&l't{Jffi-1*~ FA 620 ffi-i*1ft fil 62 PT Ll¾El3A~ 
1ft Bl El pfrql,filf. ITT¥Ji)¥9'¥!m:tm1~lli {-t~~:t§ml9' (LP-CVD) %MITTffi.1ttmfil O :t§EJ'th, pJ Llf=E 
ffi-1*1ftfil 62 _t%M'ftE%1't{J, Ll~AW&N~TmW_¥fl£$1PJ~ttfl£ 50 ~itfi~/J"13gffi=1*1ft 
fil63offi=U~fil63PTLl¾El3A~~~l¥Ji3'~5filf.ttITTm~~m~~~~~~{t~~ffl 
mt9' (PE-CVD) %MITTffi.1ttmfilo 1~r*, PTLlf=Effi=1*1ftfil 63 _t%M:t§x1rffi-1*~fil 
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62 ;foffi=1:5Rt? fil 63 A~ r%J~Llt!.k~1lttITTffi -1:5Rt? fil 640 ffi-1*1ft fil 64 pJ l:J,~3i!H14mlJ. 
~;t§vVf9' (PVD) 1:t%PXITTffi.1-ttt (TiN) fil o ;imtt PVD 1*, PT l:J,%,6JGffi - 1*1? FA 64 Ll1±FAJU: 
~ttJ ST _tJi~~~%~, # _a filtt:tf D, ffi-J*tii SL3A t:?:EB.tlt:tf D:tfJJ)(o 
[0091 J ~~00 19, PT 12), *Pi%PX1±ffi J*tii SL3A ~ffiJEf{_Jffi~1:5R1? fil 62 l:J,•Bffi~ffiti 
fil 540 pJl:J,.B%PX1±ffi-~tii SL3A ITT~ffiJITT,H7KfEZffi-15R1?fil 641i~ITTfflHtffi~1:5R 
t?fil 620 .tlt:>7r, EBffi 15R1?fil 64 *1*1?%PX1±ffi ~iii SL3A f!JJUfilEt{JfflHtffi~1:5Rt?fil 620 
~Jlt, §1Jlff~Llt!.kttl~l:J, *~ffi~15Rt? fil 62 S1, PT l2J, *Pi7Kfl!Zffi-1:5Rt? fil 641l~ITTi'ffl?J\.ffi 
~15Rt? FA 62 0 pJ 12), EB:m-1:5Rt? FA 64 *1*t?%PXttffi 1*tii SL3A 1!JJUfillOfil,i':~~ ST _t $ 
ITTffi~1:5Rt?fil 62 ;f□ffi=1*t?fil 630 ~~, pJl:J,{=Effi-~fii SL3A ITT1!JJUfilL%PXJl~faJr~fil 
(spacer) %iftITTffi~1:5Rt?fil00~ 62Ao 
[0092] t1fF*, PTl:J,t1Jfflffi~1:5R}ftfilOO~ 62A,ffi=1:5Rt?fil 63 ;fOffi-1:5Rt?fil 641t1g~Llt!.k 
rllt~fil, ;imtt~Llt!.kttfi*lt'~ffi~ffilifil 54, 12),if:pJ l:J,%,6JGffi=:tf D OP2, _a PT 12), EBffi=:tf D 
OP2 *•Bi'ffl?J\.tffitfil 580 
[0093] ~~00 20, pJ 12), *~ EBffi=:tf D OP2 •aITTffi~f¥.fiifil 58 l:J,•B1kJil!fil 590 
[0094] fJLl:fz□, §ffi~f¥.fiifil 58 filtti'kJil!~fl£ffil, ~~j~fiiff fil;fO ~ffef rllt~filSt, PT 12), 1t 7'c 
~*EBffi=:tf □ @2•aITT~MfflfflfiloPTLl$~~*~El3ffi=:tf □ @2•BITTffi=ffitt 

fil 53 0 .tlt:>7r, pJ 12), *Piffi-1*1ft fil 640 t~r *' pJ 12), *Pi EBffi=:tf D OP2 ·-ITT~J(fflf*ff 
fil O ill pJ 12), *~ EBffi=:tf D OP2 ••a{J~Llt!.krll:t~fil EBLo yj:)7r, pJ 12), i'ffl73\l:1!!*~ffi~1:5Rt? fil 
00~ 62A ;foffi=1:5Rt?fil 630 ~Jlt, pJl:J, EB~~ilit1~ 50 ITTffi-~tii SL3A ITTri'ffl*••m­
ffittfil 56 ;foffi=~fl~tfil s7 o PT 12J, i'ffl?J\.~*~•BITTffi ffitifil 560 1~r *· PT 12J, *~ EB 
ffi=:tf □ @2•BITT~il!ffi~filoPTl:J,*~EBffi=:tf □ @2•BITTffi=ffittFA53l:J,•B 

ffi~~tRfil 520 yj:)7r, pJ 12), $~:1:1!!*~ EBffi-a*fii SL3A ri'ffl.aITTffi=tB£ifil 57 Llfrffi 
-J*fii SL3A ITTri'ffl%PX~FfffitL 
[0095] ~~00 21, pJ 12),%/'& ~JH~_¥. EBffi=:tf D OP2 •BITTi'ffl?J\.11JJ]!fil 59 ITTffi=tJJHRfil 
6 5 o PT 12J, ~ ~ij l:j Ll _t ~ ~ 00 16 fa'i 3£ ITT 1J 5:\: ~*ffl fPJ ITT 1J :r:\':*1Jl ff lffi J§ ITT ttfi o 
[oo96J ;f;tzffl_t3£ttfi, PT Ll;imttta~~tlfim~1!*%,6JG~,t.1*1ft fil 62 _¥. 64, rm llJiJr3£1* 
t? filfNffl1t~Llt!.krll:t~tm Ll~Llt!.kffi~f¥.fiifil 580 ~Jlt, pJ l:J,~1ltE~*Pim~f¥.fiifil 580 JJt 
:>7r, pJ 12),:1:~;JQffi-J*fii SL3A ITTrM& 0 
[0091J ~~oo 22 _¥. oo 25, oo/4' T t£ aJHtzw~,t.3};ilffif7~ ITT*Llm4':~1*:ffftts{]1J1:ts{] ,_a~ 
/J'T%PX1*1ftfilITTa~ITTm~ITTm~0001±r~*'~~T_t3£8ffl3£ITT3};ilffimITTDffl~ 
~ITTfa'i3£o 
[oo9sJ a 00 22 *, PT l:J,1±11 ~ 70 z_t%PXffi~~B£ifil 71, ffi~~tRfil 72, ffi=ffi4ifil 
73,ffi~ffitifil 7 4 ;f□ 1Jou'tl 00~ 75 o PT Ll1±~_t%f&~1t;t§1i:>t ~ filJU:ITT:m -ffitEFA 76 ;fo 
ffi=~Btifil 77 ITTfil'1iia~ ST O 1±%/'&filJU:ta~ ST ZlW, pJ l:J,~~~%nx~Llt!.krllt~fil EBL 
1~r *· a%nxffi~f¥.fit fil 78,1kJm:fil 79 l□ raJ 1SJR:l:JJ;-Jt~B£tfil 80 zJ§, PT 12J,%nxffi=1*tii 
SL2 ;fOp~~~t~JfOO~ 81o 
[0099] pJl:J,~ttfilJU:ia~ ST ;fotut!.krllt~FA EBL %nJGffi 1*fii SL3A 12),••m~ffilifil 
7 4 0 pJ 12),{=Effi - J*fii SL3A * %nx 15Rt? fil 82,840 ffLl:ti□, pJ 12),{=Effi - ~iii SL3A ;fOfilJU:ta~ 
s T ITT~ Em _t % nx Ji~ :l:)J >J PJ Et ITT ffi ~15Rt? fil 8 2 o ffi ~ 1*1? fil 82 PT l2J, ~ EB Ji~ 1ft Bl E3' llft 11 
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filf.tEl¥rVUJ=U!i~~□{~& 1t"F4:fflrJVtR (LP-CVD) %JvGl¥rmf-t4mmo 5j)'r, ffi-15itr? m 82 1=5 
~~00 18 13q_tj£ffi~~t?FA 62 :t§r~PTYJl~~::kJ!JJ3L t~r*, PTY?±ffi~f!;fH?m 82 _t 
%M:t§x1fffi~f!;fH? m 82 Ji~ r,§J~Llt~tl~1f·ti1¥rffi=15iH? m 840 ffi=15Ri? m 84 pJ Y¾imtt 
4mfJ.4::t§ffCfR (PVD) r!%MB1m1tt);: (TiN) FA O imtt PVD Y!, PTY%Mffi=~1ftm 84 Y?± 
filii:fa:MJ ST _tJi~ ~~%~, :ff ii filtrS:ff D, ffi-J*fji SL3A t:?: El3J!t3f D :ffffl:o 
[0100] ?±00 23 q:t, PTY*~%M?±ffi-a*fji SL3A ~ooaqffi~~;f'?fil 82 Y•am~ffitt 
m 7 4, 12), {!l_!pJ Y?±ffi-a*fji SL3A !¥r{IJitl~_t%MJl~l'aJ~fil%~1¥rffi-15iH? m 00~ 82Ao 
[0101 J t~r *· PTYfLlfflffi~f5jHf1 FA 00~ 82A ;f□ ffi=15iH? fil 84 ftJg~LltirJi134'm' imtt~Ll 
tittlil*p*ffi~ffi4ifil 74, Yv!PTY%Mffi=3f □ OP2,iiPTYEl3ffi=:ff □ OP2 *•R$5t 
m - #"fit m 18 0 
[0102] 00 24 q:t, PTY*P*El3ffi=3f □ OP2 ••i¥rffi-H{itm 78 *•RriJJ1!fil 790 
[01 o3J vu~□, §ffi-Hfit FA 18 fil1151iJmt'@tim,~~::rmfit ff m5¥□ ~ wrJi13filst, PT Y 1t 5'c 
~*rnffi=:ff □ @2•ai¥r~wm~moJ1tS1,PTY$Jt~*~rnffi=:ff □ @2•ai¥rm 

=ffi4im 730 J!tfr, PTY*~ffi=15R1?m 840 t~r*, PTYimtt~Lltittfi*~El3ffi=:ff □ 
OP2 ••i¥r~itisfit'Hmo iliPTYt:?:El3ffi=:ff D OP2 *pi$5J\.~LltirJi13m EBL §~LltirJi13fil 
EBL lcj~fflfit'Hmffl r~Jl~~::kJ!J&S1, §~LltiJj(fflfitHm Y•R~iJJ1!tB£imS1, ~LltirJi13 
m EBL PTY~1El~~*~rm¾15Rt?~:tt~ 70 ~io::1¥rffi=tB£im 77 1¥r~mo 
[0104J 5j&r, PTY$5J\.til!*p*ffi~f!;fHf1mOO~ 82Ao ffi~f5f?:t?FA00~ 82A PTY~oJ!tJ!JY 
i1-=rm~15f?:1?filOO~ 82A PT Y Y(~d>l¥1R&15Rffi o ~J!t, m-mttm 76 tom=tBtim 11 

pJ Y~1Nffi - *fji SL3A •• ii E13ffi~f5f?:t? FA 00~ 84A *15Rt? 0 t~r *· pJ 12), *It'~ rnm=:ff 
□ @2•ai¥r~mffl•moPTY*~rnffi=:ff □ @2•ai¥rm=mttfil13Y•am-~ 

tlkm 720 5jy'r, §~LltiiiJJ1!tB£imst,Jtl~l¥r~LltirJi13m EBL pJl2},~1ftffi=tB£im 77 1¥1~ 
filo ~J!t,PTY~~ffi=ffl•m111¥r~fill¥rP1&o?±~~~mffl•mY••~mFA79Z 
J§, pJ12J,f:?:El3ffi=:ff □ OP2 *p*JU~l¥r~LltirJi13m EBL 
[01osJ 00 25 q:i, PTY%M~~t~El3ffi=3f D OP2 •Ri¥r$5J\.;;1gJ1!fil 79 l¥rffi=~tlkm 850 
pJl2},~~!=jl2},_t~~0016ffl:i£1¥J~~~*ffl~l¥J~~*~~~J§l¥Jjj:~o 
[0106] tLHm _tj£jj:f_i[, pJ Y:imtt£ait ~t!fiVLtRY!*%M~ m15Rt? m 82 ;fO 84, 1m iiJiJT:l£ ~ 
1? m1Nfflft~LltirJi134m Y%Mffi-H{itm 780 ~J!t, pJ Y~tf·titil!*p*ffi~Hfitm 780 
[0101J ~~00 26 ~00 28, 00/4' T t£8JH~ffl-1'"3};tlffi1JtltLlm¥-~f*~1tf:B1~i~B1 ,ii~/4' 
T%Mffi=~~mi¥ra*l¥r~~l¥r~~00o?±r~9=1,~~7_t:i£Bffl:l£1¥r3};ilffi~l¥rimffl 
~ ~ 131 ffl :l£ 0 
[0108] ?±00 26 q:t, pJ Y1=E:tt~ 90 ZL%Mffi-tB£im 91,ffi-~~m 92 tomii:£5:MJ SL 
mii:£at1J sT fil11S:t§1ix~mii:s1m m11m 96 tom=tB£ifil 97 o PTY1=Effi~~tlkfil 92 
;fOfilii:£5:MJ ST zfaJ%M]Olll!OO~ 950 pJl2},{=E;JQ[fu00~ 95 ;fomii:£a:MJ ST zl'aJ*~~%M 
~Llt!krJi13fil EBL 
[01 o9J fil115ffi~Hfitm 98,ttgmm 99 ;roraJ ['Rt1t1ttBtim 1001¥r3f :im£a:MJPT Y3f ttmii:£a 
tiJ SL 3f:®tatzgpJl2},g{$~ffi~yJ!tlkfil 920 ffi=a*fji SL2 PTY3fttmii:£a:MJ ST 13q_tff1L 
ffi=*tJi SL2 PT Y~~1Bl~ ~tB£iOO~ 101 t1t1Eo J!t:Yr, pr,j ~tB£iOO~ 101 PT ygf$ Y'fi 
filf.mii:£5:MJ ST 1¥rJmoo O ffi-a*fji SL3A pJ Y3f upr,j ~tB£iOO~ 101 ;fom~ta:MJ SL ffi -3* 
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tJi SL3A ITTtmtl~PT Ll rn*~15Rt? filOO~ 1O2A *15Rt? o 
[0110] m~f:5Rt?fil00~ 1O2A pJtJf=E!Wj~iBtiOO~ 101 ITTJ]Hffi_tJ!1$o * J~~tJiSL3A pJ 
Ll~t1f~*=:ff □ OP2o m=:ff □ OP2 PTLlWc]'[f=Efil,i:~~ ST ;fo*~t)!i;&fil 92 :zJa]o * 
= :ff D OP2 13{] %)[J(~=iJ Ll EEi }]Q [g'I 00 ~ 95 1:5R ff o 
[0111 J PT Yi?: rnm=:ff □ OP2 ~~~Lltsp_§J~fil EBL, Yv!~Lltsj)_§J~fil EBL o.1*M1=EJJQ[g'I oo 
~ 95 _to PTLlt?:rnm=:ff □ OP2 ~!3i$5J'-m~f¥{itfil 980 Jf:t)!r, PTLlrnm=:ff □ OP2 •a 
r1Jmfil 99 ITTT$o 
[0112J PTLl:iiUj:*lJZtAfr~~OO 22 ~00 24 ITT_t:l£:tt:fi*%JvZ_t:l£fj1f~o %JvZ_t:l£fj1f~ 
zJ§, PTY:imttJArnm=:ff □ OP2 •arAJmfil 99 tom~tJ!1,&fil 92 "t.tf:1it*%JvZm=t!!t& 
fil 1030 jffiji:f~tLlm=t!!t&fil 103 *ffi'.±-KJVGITTP1&, m=t!!t,&fil 103 l=iJLl;lff$~tmkP1&3'f 
_ft pJ Ll~~:i:tJtfEm=:ff D OP2o pJ Lli=E rnm=:ff D OP2 •KITTr1Jmfil 99 tom~tJ!t,&fil 
92 s<J•KITT*OO_t%JvZm=t!!1,&fil 103, Llv!i=Em=ti!t&FA 103 ITT*ffi_t%JvZ[_ll_]$ CAo [_ll_] 
$ CA ITT~&PT YJ;:r~~* - ffittfil 96 ITT P1& o 
[0113] ~~00 27, pJtJjffiji~~m~f*tftfilOO~ 1O2A rnm ~fji SL3A •a*-ffi11:fil 
960 
[0114] ~~00 28, PTLli?:rnm-J*fJiSL3A ~!3tm-ffit1FA 96, Llv!PTY1=tm=tBtifil 97 
zfaJ%JvZ*-:ffD OP3o t~T*, PTLlffl~~tJflj.tJtfE*-:ffD OP3o ~~tJf4PTLl'ElJtf~ 
~p_§_3£~tJf4, i~~o~ (W) 0 frm-J*fji SL3A ITTtmtl~_t;fo*=t!!t&fil 103 ITT[_ll_]$ CA *00% 
JVG?fr:l£ ~ ~tJf4o %JVG~ ~tJf4zwr' pJ tJ;ltt~tv%JvZm=f¥{it fil 105 fl,\Zp].j'~fil O p].j'~fil 
PTLlfilttiJc (Ti) ,_m1,t.tjc (TiN) ,tH (Ta) ,m11.iH (TaN) ,_m11,~ (WNx) 2#0 
[0115] t~T *• PT Ll:iffi:ii~ !3i%JvZ1=Em J*fji SL3A {]J!tl~_t13{] ~ ~tJf4*%fvZ~ ~fil 

104 o ~ ~fil 104 PT Ll EEi * - J'*tji SL3A 5t ~ :ff _fttjft* - :ff D OP3 o ~ ~tJflj. PT Ll 15R \j fr 
[_ll_]$ CA q:i, £1,\ZPJLlJ}.[_ll_]$ CA ~:i:~~,J3:IfRlRf[_ll_]$ CA ITTIX~o {Jtl~o, i:1§[_ll_]$ CA ITT~& 
Arm-ffitifil 96 ITT~,t-J!J&;fO*-:ff D OP3 ITTJ!J&a-t, [_ll_]$ CA PT Ll~~:i:ES ~ ~tJf4 
tjfto ¥J)!r, ~Fffi~filITT~ ~tJf4 PT Ll%JvZf=E[_ll_]$ CA ITT*® o 1=EJ3:~1Jtl-=f q=i, :iffi:iitA1r~Ll 
ts:tt:fi*~ Pi~ ~tJf4, pJ Ll~ :i:~ !3i% }V(;fr [_ll_] $ CA q:t ITT~ ~tJf4 0 ep 1t 3 ~ ~tJf41:5R \j 
f=E[_ll_]$ CA q:ist,*U~B1-B'~tJf4-fhPTLl~tjft*-:ff D OP3 ITT-B'~FA 104 5J'-~o ~Jl:t,*U 
~ITT~ ~tJf4 PT Ll ~ JJnfnJ ~zifl o 
[0116] t~T*, PTLlfrm-J*fJi SL3A q:t%JvZ~fJiiBtifil 1060 J'*fJiiBt~FA 106 PTLlfil:t! 
¥tf1.4mo J'*tJiiBtifil 106 PTLlJ!f$~m=1EH,&fil 103 ITT[_ll_]$ CAo [_ll_]$ CA PTLl~:i:EB~fJi 
iB ti fil 106 tj ft , mt i'tfil tt~~ 00 7 ta'i :l£ ITT faJ ~ o 
[0111J ~~00 29 ~00 31, 00JT-Ti_H.llJH!Hfis~~~JJllifJtlITT¥-B'~:ffftf:ITTtLl~7J~_ft~JT­
T%JvZ~~ffi-filITTa;ltt~-=fITT~~00o frT~q:i,~~T_t:l£8ta'i:l£ITT~JJlli~ITT:iffiffl~ 
~ ITT ta'i :l£ o 
[0118] fr00 29 q:t, PTLlfrH~ 11oz_t%)vZ*~fBtifil 111-m~tJ!t,&fil 112;fOfil,i:£j1f~ 
S To fil ,i: ~ tiJ ST fil t!S ;t§ 1i ~ ~ fil ,i: ITT*= fB §:ifil 11 7 to -B' ~fil 119 o PT Ll fr*~ ti! t& fil 
112 ;fOfil,i:£j1f~ ST zfa] %JVG;JQ [g'] 00~ 115 0 pJ Llfr}JQ [g'] 00~ 115 _t%JvZ~Lltsj)].;j'~fil EBL 
PTLlEBJJQ[gjOO~ 115 *1:5Rfffil,i:~~ ST tom~tJ!t&fil 112 zfaJITTfaJ~o 
[ 011 9] fil t!S *~ff fit fil 118 , yzj mfil 119 ;fO raJ ~ tj ft iB ti FA 120 ITT 5f :iffi £j1f tiJ pJ tJ 5f :ii fil 
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ii:ta~ SL ~Jffita~PTLlfil1$_¥.*~t!JftRfil 1120 *~f¥1itfil 118 PTLltLl5t131*ffi1=E*~ 
~ tRfil 112 5¥□ ~~ m:fil 119 zJsJ a<J * ~ w 5t 5¥□ u oo 1=Efilii: ta~ s T 5¥□ 1~ m: fil 119 zJsJ ITT*= 
$5t O 31UiAESJJQ[f!l 00~ 115 UffITTi'sJ~st, *~$7]'--;if□ *=W?J'-PT Ll:t§1i5t~ 0 i~mfil 
119 ITTTWPTLl•aa*~$7J'-5f□*=W7J'-ZJsJ 0 
[0120] *=~tii SL2 PT Ll~ttfilii:ta~ ST ITT_t $ o IWj ~tBt% 00~ 121 PT 12},jij~t}'UiS* 
=1xtii SL2o Il:l::11-, !Wj~tet%00~ 121 PTLlfil1$Llq]l_~filii:ta~ ST ITTJ]frnL *-3xfii SL3A 
PTLl~tt!Wj~tet%00~ 121 ;if□ filii:ta~ ST 0 
[0121J PTLl1=E~1"1~:li!FA 119 s<JTW:zzOO_t%JvZ*=~;t&FA 113,JiJT:1£11Jmfil 119.i!t1=E 
*~f¥{itfil 118 ITT*~$Jt;if□*=W7J'-~*~~;t]kfil 112 :zzOOzJs] 0 a*=~tRfil 113 ITT 
:zz00%JvZ[_ll]$ CAo 

[0122J *=f¥1~fil 125 PT Ll ~~--B' ~fil 1240 *=f¥1itfil 125 PT Lll,).--B' ~fil 124 ITT:zzOO 
fil1$_¥.*-3xfii SL3A ITT11J1tlilo *=f¥fitfil 125 PTLlM* -J'xfii SL3A ITT11J1tlilfil,f$_¥.*=~ 
tRfil 113 ITT[_ll]$ CA ITT:zzOO o *=f¥{itfil 125 pJl2J,J,).*-1xfii SL3A ITT11J1tlilfil{$_¥.!Wj~tet% 
00~ 121 ITTT9f$ 0 
[0123J PT Llltiffl 12),_t~~oo 26 _¥. oo 28 ITT_t:1£ttt¥IDJvZ_t:1£ta~ 0 aIDJvZ_tJ£ta~z.J§, 
pJ Ll a* - 3Xtii s L3A ITT* 00 ;if□ [_ll] $ CA ITT* 00 _t ID JvZ1xfiite t%FA 126 0 t[H!is ~ 1" ;g; JJffi 1JLl , 3X 
fiitB£%fil 126 ffl b~ 12),_t~~ 00 28 ITTJife:1£3xfiitBt%fil PT LlJl~$1/J\ J!J&, Ll ~PT Ll:ff JJJ[* -
~fji SL3A ITT q=t ,t,$ o ~iui!iJL * - J'xfii SL3A PT Ll~ jij~ El3~fiite£%fil 126 *j:}'J;JE# _a 
Jl~:ff JJ!lITT q=i ,t,$ o 
[0124] t~T*, PTLl1=E1xfiite£%fil 126 _t%JvZfflxtr1xfiitBt%FA 126 A~ r,§J~Llti:iz!,Altt 
B<Jf5Rt?fil 1280 1*1Pfil 128 PTLl1~1A'tiffitttiJJ:EJE~;t§v=[~ (PVD) ~~IDlvZB<J~{tt)c (TiN) filo 
Jffitt PVD 1!, PT LlIDJvZUt? fil 128 LlJl~ ~¥tatZJ o 1*1? fil 128 ~PT Ll filtt:ff D, * - ~iii 
SL3A ~El3.dt:ff DITo:ffJJ;{o 
[012sJ ~~oo 30, PT Ll ~PiIDJvZa* -1xtii sL3A n£OOITTW?J'-1xtiitet%fil 126 l□W?J'-*= 
f¥{itfil 125 Ll.i!t*=~tRfil 1130 PT Ll ~~:5K1~1*1? fil 128 qiflff_a.ff1=E* -1xfii SL3A 
Jt£OOITTW?J'-1xfiite£%fil 126 ;if□ $?J'-*=f¥fitfil 1250 %JvZ1=E* -~fji SL3A 11J1tlil5¥D!Wj ~te 
£%00~ 121 Jpf $_tl't<J1xfiite£%fil 126 ;if□ *=f¥fit fil 125 PT Ll El3Ut? FA 128 *1*1? 0 Esl.dt, 
PT Ll1=E* - ~fji SL3A ITTtITTtlil_t%JvZJl~fsJ~r%fil%~ITT1xfiitBt%fil 126Ao 1xfiite£%fil 126A 
PTLl1*001=Efilii:ta~ ST z To Yi1r,*=f¥fitfil 125 PTLlEl3*=f¥fitfilOO~ 125A ?J'-~o 
[0126] ~~ 00 31, PT Ll ~Pi1*tP fil 1280 t~ T *' * -J'xfii SL3A :ff mITT q=i ,t,$PT Ll 83--B' 
~i'J t4 i~:tz□ 3t~ *t}'J; ft o .dt 1r, PT Ll iffitt f :l:B {t~:E_EE, ffi :tz□ {,t. $tJltitM:3/t ( CMP) ~:EJE{i --B' ~ 
tJt4ITT:zz00f:l:B f,t.o PT LltA:fff:l:B {t~:E1E1i_¥.•S1xfiite£%fil 00~ 126Ao ta~, PT Ll1=E* 
-J'xfii SL3A q=iIDJvZt~iffEl!*=~tRfil 113 ITT~~tRf& 1290 *=f¥fitfil00~ 125A PT Ll EB~ 
~;t&f& 129 ?J'-~o Yi1r,J'xfiite£%00~ 126A filPTLlEl3~tJJHRf& 129 5t~o 
[0127] ~~00 32 ;if□ 00 33, oo~ T iR,13JH[H1r5~,t.;g;Jlffi1JLl ITT~--B'f$~ftf:l't<JtLlrn1fr!B.~7F 
T %JvZ~Llti~Jtt~fil;if□ )]Q u'tl OO~ITTttfiITT t:IJOt!:wLl-=f-ITTiftl 00 00 0 a TX q=t, ~-~ T _t;]£ i=ita'i:1£ 
01 ;g; JJffi wu ITT iffi ffl P-J ~ a<J m J£ 0 
[012sJ aoo 32 q=i, PTLlai1n£ 130 _t*JvZ*~tet%fil 131o .ut11-, PTLla*~tet~fil 131 
_t%JvZ*~~tRfil 1320 *~rJJH&FA 132 PT Ll filtt--B' ~fil, _t:1£--B' ~filfilttt1J:~$ silifil, 
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~~fil~o 
[0129J t~T *' PT Llfr*~1JJltltfil 132 _t%JvG*~4iffittfil 1340 ft%tvG*~4iffi1iFA 134 z 
1W, pJ 12J:itt:~WID!vG*=4iffi4ifil 1330 *~4iffi4ifil 134 pJ Ll ,e1Jtt§x1r*=4iffittfil 133 A~ 
~ ~Ll ts;lzt tl tt a<J ;;t;J *ll- o ¥Ll ~□ , * ~4iffi 4ifil 134 PT Ll fil ttx t~ ~ $ a1 lifil , 1/Hi~ $ a1 li fil ~ , 
* = 4iffi tt fil 13 3 PT Ll fil tt• 1,t 4?lJ WGm 1t 1m 0 
[0130J PT Llfr*~4iffitifil 134 _t%JvG~LltsrJH3fil EBL ~utsr_§J3FA EBL PT Ll filttt§x1r 
Ll T~4fffl;i£a<J*=tBtifil 137 A~ ~~Llts;lzt1ltta<J;;t;Jtll-, Ll~1~tft*=fBtifil 137 o vLl~□, 
~Lltir1H3~ EBL pJ Ll filttm {,t4o/] 0 ~Lltir_§j3fil EBL pJ LlA~ 1=j*~f¥-{iff FA 138 ITTJj:ffl{iffff 
filfflbl:~::kITTJ!J&o ¥Ll~D,~Lltirli13fil EBL l=iJLl~Jj:fflfifff¥-filW&ITT 2. 5 {fro 
[0131] t~r*'*~3*fji SLlA l=iJLl3ftt*~4iffi4ifil 34 ;f□ ~Lliirli13fil EBL ITo%fvGo l=iJLl 
fr*~~t;i SLlA q:i%$;JJ□ u'LJ 00~ 1350 *~3*fji SLlA l=iJLlJrJJ$~Ll3ftt*~4iffi4ifil 134 
;¥o~utsrJi13fil EBL ITo•o11t*=4iffi4ifil 133,*~~~FA 132 WG*~tBtiFA 131o 79TIDtvG:tm 
'1'tl 00 ~ 135, PT Ll Ll ~ff 1f :rt *=rA fr J=!=l1Jo '1'tl fil :l:JtiE * ~ ~tii s LlA ITT ttl~ Ll R {f JJ□ '1'LJ fil-f :l:B 
{,t1[_¥•a~LltirJi13fil EBL B<Jttl~o JJ□ u'LJ 00~ 135 PT Ll~iB£iFA o i:1§~Lliirli13fil EBL A~ 
t§ x1 r JJ□ '1'LJ fil ITT ~Lltim; tl tt st, ~Ll ts rli 13 fil EBL PT Ll ftJJ□ '1'tl fil ITT f :l:B {t~f_Et!Jl:,JHa] Rt¥ f :l:B 
1tti~FAITT~fflo~u'tlfill=iJLlfilffiffl~r~~~~filffiLA~~~~;1zt~ttITT•1t4o/Jo 
[0132J t~r*, PTLlfrJJ□ u'tlOO~ 135 3fttITT~LltsrJit3fil EBL z_tJfiJvGfil,i:~tiJ sTo ~oLl 
_t ~~ 00 lOA ;fO 00 lOB ITT ta'i ;i£, fil ,i: ~ tiJ ST PT Ll fil tt t§ 1i ::St~ fil ,i: ITT* - 4iffi ttfil 136 ;fO * 
=tB£ifil 137 o 
[0133] t~r*'*~3f □ OPl l=iJLl3fttfil,i:tatiJST,~LltirJit3filEBL;fo*~4iffi4ifil 134 ITo 
%JvGo PT Ll:fVffl~o 12J_t~~OO lOA ;fo 00 lOB JiJr;i£B{]lt;;is:_tt§ fAJ ITTtt:f¥*%$;*~3f D OPL 
[0134] t~r*,imtttJl1fLl_t~~oo lOA;fO lOB s{]tt:fi, l=iJLlfr*~3f □ OPl q:iIDJ=vG*~ 
f¥-{it fil 138 , ¥1J :il[FA 13 9 ;fo fa] It$: :1:Jt 1E iB£i fil 140 o ~□ Ll _t ~ ~ 00 1 7 A ITT ffl ;i£, ~'i"" * ~ f¥- fitf 
fil 138 PT Ll filtt1±J:i1[£tg£ffil-~ffl1itf f¥-filio ~wrJi13fil 0 
[013sJ ftOO 33 c:p, PTLllLlfflLl_t~~oo 11Aiooo 1m ITTtt:f¥**PX*=:5*tiisL2 io~~~ 
§'.flt~fil 14L t~r*,imtt%Llffl12J_t~~OO 12A;fO00 12B ITTJifr:\£tt:f¥,*-:5*t;iSL3A l=iJLl3f 
ttfil,i:~tig ST Yfo%JvGo t~r*, l=iJLlimtt£?:E13* J*t;i SL3A *Pi~□ OO 32 Jifr~ITT*~4iffitt 
fil 134 **fvG*=3f D OP2o 
[0136] t~T *' PT Llfr* -:5*tii SL3A ITTflJW~_t%$;1~tft fil 1420 PT LllLlffl 12J_t~~OO 13 
ITTJifrj£j1:fj, 12J_t~~oo 18 ;fOOO 19 ITTJifr;i£tt:fiWGLlL~~oo 22 _¥00 24 ITTJifr;i£tt:fi** 
fvG 1~t? fil 142 0 
[0137] ft%JvG1~tft fil 142 zm, l=iJLlimttlLlffl 12J_t~~oo 17A _¥ 17D ITTJifr;i£tt:f¥**Pi 
El3*=* D OP2 •as{]~'1'"*~f¥-{iff FA 138 ITT~$73"-12J•a~±J:il[fil 1390 ~□ 00 32 Jifr~ITT~Ll 
ts rli 13 fil EBL pJ Ll 1~ M *:lJl! ~fil ,i: ~ *tJ ST ITT fl£$*= t-e ti fil 13 7 ITT w )3£ 1-9-!:~K O ft. ar±J 
:il[fil 139 zm, PTLl*~~□ oo 32 Jifr?FITT~Lltsrli13fil EBL 
[013sJ t~ T *, PT Ll Ll f&ff 1f :ittJlfr% JvG* =~ t&fil ITT tt:f¥, ID$;* =f¥-fitf fil ITT tt:fi, ID 
JvG ~ ~ ~ a<J tt:fi, * ~ 1~tf=t FA 142 ITT tt:fi LlRID JvG1*tii t~Jf fil ITT tt:fi o PT Ll ;t;!,Hlr5 _t ;i£~nffi: 
¥Ll q:i ITT~'1'"*tAfr~®tt:fio 
[0139J ¥Ll~□, PTLllLlffl 12J_t~~OO 15 iOOO 16 ITT_t;i£tt:fi*1Aff%$;*=1JJltlkfilITTtt:f¥, 
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m nx:* =1¥1i:l't m ITT ttf¥, m nx: ~ ~m ITT ttf¥, ~ ~ 15f:1? m 142 ITT ttf¥ 12), 1:zm nx:~tiitBttm 
fl<Jjj:fjo 
[ 0140 J ft~ 1"'17tl ~ 9=' , pJ 12), ;fLl ffl 12), _t ~ ~ 00 21 ITT _tj£jj:;fj :~¥JA ff% )VG*= WttRm ITT ti 
f¥,mnx:*=t¥1itmITTttf¥,mnx:~ ~mITTttf¥, ~~15f:1? m 142 s<Jttf¥!2)_2zmnx:~tiitBtt 
mITTttfio 
[0141 J a~,t.'f7tl~ q:i, pJ 12),;fLlffl !2)__t~~oo 25 ITTL:1£tlf¥*1Aff%nx:*=tmHRFA s<Jtt 
;fj, % )VG* =1¥1it m ITT tl;fi, % )VG~ ~m ITT tl;fi, ~ ~i15f:1? m 142 ITT tl;fi 12),lz % nx:~tiitBfi 
mITTttfio 
[0142J a~"'r"'i7tl~*' PT12J,tLlffll2),_t~~oo 26 ~oo 2s ITT_t:1£ttf¥*tAffmnx:*=~12it 
m ITT tl;fi, % )VG* =1¥1it m Et<J tl;fi, % JVG ~ ~m ITT tl;fi, ~~{~HP FA 142 ITT tl;fi 12), R % )VGJ* 
tiitBttm ITT ttf-~ o 
[0143J a~,t.iJtl~ *·PT 12),tum 12),_t~~oo 29 ~ oo 31 ITT_t:1£ttf¥*1Affmnx:*=~12it 
mITTttf¥,mnx:*=1¥1i:l'tmITTttf¥, mJvG~ ~,&ITTttf¥, ~~f!;iHP m 142 ITTttf¥12J,2zmnx:~ 
tiitB ti m ITT tt:r¥ 0 a i3: 1"'17tl ~ * , a~ ~ 15f:1? m 142 z.J§ , PT 12), * ~ ±v tA ff 12)_ _t ~ ~ oo 31 
ITT Jilr:1£% nx:~~ t&~ ITT ttfi o 
[ 01 44 J ~~ 00 34, 00 jf-T m ~ t~ W ~,t. ~ JJlli i7tl ITT 1¥1it ff ]UJE ITT We]'[ ITT m 00 0 
[0145] !i□ OO 34 Ji)r~, :r~w~,t.~nlliwtlITTHfitff]UJE 1000 pJl2),fil;J:15qfitff1tf: 1200 ;f□ ;J:~tLl 

ff 11000 
[0146J 1¥1i:l'rff1tf: 1200 PT 12),ffl 1t1i:l'rt¥*5¥!fi~~ ITT~1!rs, m~□x*, 001&5¥□ ~1tf:1~~ o 1¥fit 
ff1tf: 1200 PT 12J,~~F~~ttt¥1i:/'rff# _ft filt!SOO 1 ~ 00 33 Jilr~B<JJiJr:1££a:MJ o 1¥fitffftf: 1200 PT 
l2J, filt!SJEx. T J¥l5GIX5f□1irr J¥i.5G!XrJ;iV!U a<J;J:~fff!E IX Et<Jf1 ~o 1¥1i:l'rff 1200 if PT l2J, filt15*~~ 
:rR,&, mnx:a*1~z._t ;*=~:rRm, mJvGa*~~1&mz._t :11uu1u OO¾, mnx:a*=1~12it 
m * ; m,1: ~ :MJ, fil t!S a*=~ 1Rm Jf□ nu u1u oo ¾z_tt§ Ji5l: ~ ,&,1: ITT~~ m 5¥□ tBttm ; 'ltJ 
il!m, 3fttm,1:£a:MJJf□*=~12itmH~~1~~~1&m: 12),lz~~~tBttoo¾, 3ftt~&~"'r"'TY1 
$~ ~mo rnrt¥1itffftf: 1200 12J__t:1£1J:r:\':Wcj'[Jf□ tLlm, ~Iit~~~mtvMffiWi:1£0 
[0141J J~tuH 1100 PT12J,~l1.1&1~~±tJLJf□1¥1it:H1tt: 12000 1~tu:H 1100 PT12J,11foJEr±tJLITT 
m*Ymin fii] 1¥1i:l't:H1tf: 12000 i7tl~□, t~tLl:H 1100 pJ 12),}~tLlt¥{i:/'r:H1tf: 1200 ITT~IIX, ~A,~~* 
5¥□ J§ i3' ~ft o 

[0148] ;J:~tLl:H 1100 pJ 12), fil115i)jJJ!fJlf¥I!Xf¥ff/'rH (RAM) 1110, q:i !,k:~:EJ.J¥l 5L (CPU) 112O, ±tJL 
1~ □ 113O,ffi~~iE~ (ECC) ~i'E! 1140 ;f□ q{i1'1:H1~ □ 11500 
[0149] RAM 1110 pJ 12),fflft CPU 1120 ITT~ftf¥fi:l',:H, f¥{itff1tf: 1200 1=j ±tJLz!'sJ Et<J r,§j~i~ 
14tt¥1i:l'r:H, 12J,lz 1¥1i:l'r:H1tf: 12001=J ±tJLzfsJ ITTt,i14tt¥1i:l'r:H o RAM 111 OPT 12J, EE ,W~IB1HJL1¥I!Xf¥ 
fit:H (SRAM) ~ft ~Hfitff (RAM) ~1~ o 
[0150J cPu 1120 PT 12J,Wcj'[nx:ffl -=r:t~tH~tu:H 1100 ITTf;f121s:~1t o wtl~□, cPu 1120 PT 12J,Wc 
j'[JvZ~ft[!Iuftf:, i~~□Hfi:l'rtt RAM 1110 q:i Et<J [A}ff~~m (FTL)o 
[0151] ±tJU~D 1130 pJl2),1=J-3::.tJLa1~0 i7tl~o,;J:~tLl:H 1100 pJl2),jmjj:*5fqi;j:~DWi~1=J± 
tJL3m{1§, _tj£*5fqi;j:~ o wiJ. fil;J:15jmffl $ ff ,e,~ (USB) t1J'iJ.-:~~Jlt{$~ (MMC) t,J}i,J., 7ri&-tJHtf: 
Ji.a (PCI) -eiJ,i,5(, PCI-express (PCI-E) WiJ., r,§j&;&;Jsz:*pff1tf: (ATA) -eiJ,i,5(, $ff ATA t,jJ,i,J., :H 
ff ATA t1J'i)(,/j\~it,.tJL*~3Et~D (SCSI) t1J'iJ.,!~5j/j\~~i:fflJ~D (ESDI) t1J'iJ.AlJvZ~gi}J 
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~IE% (IDE) tJ1'i5C. ~l~tJ1'i5C. El,\ZB 1fJ ITTtliir~ 
[0152] ECC ~IE% 1140 PT tC¥Ll J=f=lYEf ~tSliE 11!& (ECCs) :ri~!J!tll□ 13lif 1'A f¥{it ff14 1200 itltt ITT~ 
1As q=i fiJrfil ~ ITT tii~ o 
[0153J 1¥fitff:t~o 1150 PTY1=Jf¥fitff14 1200 ~t~o 1Jtl:tm,f¥fitff:t~o 1150 PTYfiltr1i 
NAND t~ D El,\t NOR t~ D o 

[0154J 1Jtl~o, :f~tuff 1100 ~PT Y filtr1iWc.1i13wstfit:r¥i5lfflITT~1rf!f¥fitff o fiJr5£tlli9'!1¥{it 
ff PT Y lfstfit:r¥:imtt±tJU~ D 1130 h'\'.$1~ffiH~$itrITT~1As o frPT~~7J~ q:r, tlli9'!1¥{itff PT Y 
wstfit:r¥:imtt:r¥fitfft~ D 1150 fAf¥fitff14 12001t$ifusq~ffl o :f~tLlff 1100 ~PT Y filtr1ifit 
f¥{~n!&~ffl Y1=J ±tJl~t~ITT ~ ~1¥{itff (ROM) o 
[ 0155] EB T t~ w~ '1'-~JJ'fil {Jtl sq f¥{it ff* tJE 1000 fil tr1i~ t!t iu ~~tu :@HA~ 23,( ~ITT* tt 
ITT1¥fitfff4 1200, IE!Jltf¥fitff *tJE 1000 ITT*ttfil PT Y1iiLlc&~ o 
[0156] ~~00 35, 007F T i~~t~ffl~,t-~JJ'fil{Jtlsqf¥fit*~ITTta.rtJITTfl!00 0 frr-Xq:t' ~-mi 
T --1. J£tli f 4 ITT m 1[ tt m J£ 0 
[0151J ~□ 00 35 fiJr~,~ffl~,t-~iffii:1Jtlsqf¥fit*tJE 1000· PTYfiltr1if¥fitff14 1200' l□:f~tu 
ff 11000 :f~tUff 1100 PTYfiltr1i RAM 1110,CPU 1120,±tJlt~D 1130,ECC ~IE% 1140 ;,f□ f¥fit 

fft~ D 1150 ~o 
[015sJ 1¥fitff14 1200' PT Y :J!~F' ~ 1K't1:f¥fit ff o 1¥fitff f4 1200' PT Y filtr1i Y--1.~o 00 1 
~ 00 31 J:iJr5£ITTf¥fit $ o yjJ~, 1¥fitff14 1200' PT Y filtr1i =•5r.lX ;ft~, JEX. T •5r.!Xl□ fir 

r •5r.lXWJ1!J!tlITTt~iff!k!X ;*~ffi1&fil, %n\Zfrt'J~z._t ;*=ffitlkfil, %n\Zfr*~ffit&filz 
_t ;}]□ [g'] 00~, %JVGfr*=ffitlkfil q:r ;filii:tartl, filtr1ifr*=ffit&FA:t□ JJ□ [g'] OO~z_tt§1i:X: 
~FAii:ITT~~fil~ffi~fil;~mfil,~ttfilil:~~*=ffit&FAH~M*~*=ffit&fil;Y 
lzP~~t~ti'zOO~, ~tt~&~,t-JYifm~~filo EBrf¥fitff14 1200' Y1=Jf¥fitff14 1200 t§fPJ 
sq 1J rtJ'ic1i l□ tum, IE! JJt ~~ ~ ~,; w trn m J£ o 
[0159J f¥fitff14 1200' PT Y:J! EB $1'"f¥fit~JttiLlvZITT $~J=ht:t*f*o fiJr5£$1'"1¥fit~Jt 
~:M5t13$'i'-tlio J:iJr5£$ ,t-tli PT Y:imtt*~ ~* k f§m CHl ~ CHk 1=J:f~tuff 1100 :im{tL 
yjJ~, filtr1ifr~,t-tli q:r ITTH{it~J=,PT Y~fflr:imtt0fH§m£J:f~tuff 1100 :®{1§ 0 H{it*tfE 
1000' PTc&~n\Z 1t 1t~,t-f¥,fit ~ Jt PT Y ~-t~ ~ • '1'-{1§ mo 

[0160J ~o--1.JiJr5£, t~ffl~1'-~hffi:1Jtl, EB rf¥fit * tJE 1000' filtr1if¥fitff14 1200', fiJr5£:r¥fit 
ff14 1200' Jl~25l~ITT~JVGBL~~tum:,HJl~25l~ITT*'t1:, !E]Jlt, 1¥{it*tJE 1000' sq~pjz 
&l□*'t1:fil PT Y1iiU25l~o yjJ~, EBrf¥fitff14 1200' PT YtLlffl $~J=,tt*f*rm%n\Z, IElJJt 
:r¥fit*tJE 1000' E11~fflf¥fit~ ;.;f□ I&~i}J~&PT Y:ltt~~}£r,§j o 
[0161 J ~~00 36, 007F T ibl~t~ffl~,t-~hffi:{Jtl ITTit•*tJEITTf'artJITTfl!OO O frr-Xq:t, ~-mi 
T --1.J£tli f 4 01 m 1[ tt: m J£ 0 
[0162] ~□ 00 36 Ji]r 7F, ~ ffl ~ 1'-~ JJ'fil {Jtl ITT it.* tJE 2000 PT Y fil tr1i ff fit ff 14 2100, CPU 
2200, MitJlf¥Jttf¥,fitff (RAM) 2300,ffl?t~ D 2400, ~ffi 2500 ;f□ *tJEi~t~ 26000 
[0163] f¥fitff14 2100 PTYfitf¥t?:EBfflPt~D 2400 $mJAITT~fflYR.EB CPU 2200 ~llt!.ITT 
ij(ffl o ff fit ff14 2100 PT 12,}_ ~-t~ ~ CPU 2200, RAM 2300, ffl Pt~ D 2400 ;f□ ~ ffi 2500 o {Jtl ~□, 
:r¥fitff14 2100 PTY:imtt:f~tuff ~Mt~~*~U;t£~ 2600, El,lt1i:t~~i~:t~~*tJE,~~t~ 26000 3 
:r¥fitff1421001i:t~~•:t~~*~-e,~ 2600 st, 1~tu~s1JJJ1'i~PTYEB CPU 2200 l□ RAM 2300 
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*1A:f'f o 

[0164J fffit~1tf: 2100 PTLl¾~F~~ti:fffit~o fffit~ 2100 PTLl1~H=!iLl--1.~~00 1 ~ 
00 33 ITTJifr5£ff{it $ o ff{it~1tf: 2100 PT Ll filtt ::t1~, ~--1.5Ex. T l'j'LJL!Xl□{vf l'j'LJL!XWHJW 
ITTt~iffm!X ;ffi-~l]izfil, lt;Mftfj ~z._t ;ffi=~rlkfil, lt;MtEffi-~rlkfil z._t ;J]□ ufil 00~, 
1t;Mttffi=~~fil*:fil~~,filmttffi=~~fil~~ufilOO~z._tfflli~~fil~ITT~~fil 
;¥□ iB ~I fil ; t¼Jmfil, 3f liFA ,i: taltJ ;¥□ ffi = ~ t&fil, _ft ~ filit~ ~ ffi = ~ llkfil ; Ll Ez ~ ~ iB ~I 00 
~, 3ftt~&-,t·JpHfil~~filo EBrtHit~1tf: 2100 Ll~fffit~1tf: 1200 ~ 1200' :t§~ITT1f 
5:t lfficJ'Il□ tum, t79 Ilt~4 ~, mi~ t¥: taHa'i J£ o 
[0165] yj'.57f, :tm 12),_t~~oo 35 Jifrj£, ff{it~1tf: 2100 pJ Ll¾ EB $'1'-ff{it~JttliMITT $~}=, 

it~f,to 
[0166] A~ _tj£~li;J ITTitiU;UJE 2000 PT Ll¾i~:tz□ it•tn"' ~~~zifj PC (UMPC), I f'FM, 
_t~*,~"AJJ'J..'¥IIJJ:EJI!. (PDAs) ,~~5:tit•tJL, ~ti*,x~~iE ,~i}J~iE ,~,m~iE, ~-i'­
~,~~5:t$~l1,t:tffiJJ'J.~ (PMP) ,~~5:twt~tJl,~ffit13C~JJ'l!-j'-,~'J.'¥~~U§tJl, -tl (3D) ~ 
*~, J'l * )JZ ~ tJL, ~ * 1Ii ~m :ti m ~, ~ * oo 1~ ic)JZ 1x., ~ * oo {j. :ti JJ!l: ~, ~ * )JZ 1~tJL, JJI: * *~ 
~fflm~,x~~m*ITTffi~~~~4~~-i'-~4ITT*#m#*ITT-#,fflr*~~~ITT 
*#~-i'-~4*ITT-#,m-=r~•m~~ITT*#~-i'-~4*ITT-#,fflr~~ffi~~~~ 
ti* ITT*;fqi ~ -i'-~4* ITT-;fqi ,RFID ~4,;¥□ / ~fflrit•*t3EITT*;fifi~4* ITT-;fqi~~o 
[0167] :tzo_t}i}Tj£, EBrt!Hlr5-'1'-~JJW:vtl ITTit•*tJE 2000 filttA~2!J::@B1~M&, ~~tu 
m Ll Ez A~~ :@ITT wtt ITT ff {it ~1tf: 21 oo, t79 Ilt it•* tJE 2000 ITT J'J.:tlr5 ff fit~; l□ wtt PT Ll 
1i JLl 2!1: =@ o 

[0168] ~~00 37' 1935£ T ~ t±:lt~ffl-'1'-~JJW:vtl ITTit•*tJEa{J:tl!OO 0 

[0169J :tz□ 00 37 JiJr~, r~ffl-~"~JJW:vtl ITTit•*tJE 3000 PT Ll filttA~~f'F*tJE 3200,Effl 
fir¥ 3100,Jt1tf: *tJE 3300 l□~~fil 3400 a<J~1tf:filo it•*tJE 3000 PTLlfiltt~:tz□ff{it~,ftf: 
3500 ITT1i~1tf: fil o 
[0110J ~fFlUJE 3200 PTLltf:EJt!.it•*tJE 3000 ITT~1tf:,u~1tf:m~o ~f''f::*~ 3200 PTLl:t~ 
tu* *~:EJt!.l'j'LJLITTfirfiEff o Efflfirf 3100 PT LlfilttEBit•*tJE 3000 iE1rITT*tifiEffl:f¥ 
ffo 9ffl;f¥rf 3100 PTLl¾EB~f'F*~ 3200 iEffITT~ffltiffo 
[0111 J Jt-ftf: * ~ 3300 PT Ll*~:l2'.$itari;J, JiJrJ£:l2'.$italtJWcJ'I7Jtr :EJI!.fftt rit• * tJE 
3000 * ITT~ffl, Jtftf: o Jtftf: lUJE 3300 PT Ll~:EJI!.Jt1tf:l□ J'J.ffl, Ht~:tlr5~ ktJllJ!Ll~4{m fflfitfftt 
fffit~1tf: 3500 * o Jt1tf: *tJE 3300 PT Ll£rit•*t1E 3000 * Jifr1~ffl ITT~ft*tJE 3200 *~Jfl 
}Eo vtl:tz□, i:1§:f~Ht*~ 3200 ¾£r Microsoft Windows ITT*t1ES1, Jt,ftf: *tJE 3300 pJ Ll¾ 
Jt1tf:?J\.J!lic* (FAT) ~ NT Jt1tf: * tJE (NTFS) o yj 7r, i:1§~ft* tJE 3200 ¾£r Unix/Linux ITT 
*tJES1, Jt1tf: *tJE 3300 pJ Ll¾1t MJt1tf: *tJE (EXT), Unix Jt1tf: *tJE (UFS) ~ E3 ~Jt1tf: *tJE 
(JFS) o 

[01nJ ~~00 37, ~ft*tJE 3200,Efflfirf 3100 l□Jtftf: *tJE 3300 ffll'j'l3!:tIB1rJt~*1e'i5£o 
1'trnLEffl;f¥Ff 3100 l□Jt1tf:*~ 3300 PTLlfiltttE~ft*tJE 3200 *o 
[0173] ~~FA 3400 pJl2},!lroJErJt1tf:*~ 3300 ITTm**~~~il-fffit~1tf: 3500 s1:l:ih:l:1L 
vtl:tz□, ~~fil 3400 PT 12),;14 rnJt1tf: *~ 3300 F±ITT:l2'.$i:l:ih:l:1r~~7Jfffit~ftf: 3500 ITT4tzl:EJI!.:1:ih 
hl◊~ffl~hl~4?zl~~hlITT~Mffi~PTLl~fftt~hl~~**om~,~~FA3W0PTLl¾ 
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IAJH~~m (FIL) ,:®J:tlrR:IAJ1¥fi1'Hi!li1im (ULL) ~o 
[0114J f¥{itff1tf: 3500 PT Ll~~F~ ;t3i.f¥{itff, _a PT Ll 1~H!S Ll_t ~~ 00 1 _¥ 00 33 ITTJifrJ£ 
Hfit * 0 1¥f*ff{tf: 3500 pJ Ll filt!S ::tt ~, ALJEX. T J'i'r. xlXl0{vf J'i'r. xlXWJ{!J!U ITTt~fH!I! IX ; 
ffi~~1lkm, %nx:1=E:t1~z_t :ffi=~1lkm, %nx:1=Effi~~1lkmz_t :»Pu'tl oo~, %nx:1=Effi 
=~~m*:m~~,filffl1=tffi=~~m®~Ul!OO~z_tfflK*~m~ITT~~m®~~m: 
1¼.Jmm, ~ ttm ~£atiJ lo ffi =~ 11km _a ~i~=t~ _¥ ffi = ~ 11km : Ll 1z IWi ~ t-ett oo ~, ~ ct_¥& 
~~'-TY1$~ ~mo E13rf¥{itff1tf: 3500 Ll£51¥fitff1tf: 1200, 1200' wt 2100 if§ ~ITT1frt:Wcl'i 
lo turn, !El lft~~ ~, mi Aw tffi m J£ o 

[0175] Jl~ _tj£fatiJITTit•* £JE 3000 1=iJ Ll7J\.791=ELm IX~*tAff ITT~f1=:*tJEmlo1=E -r 
mlX:tsi*tAffITTt~tuffmo E\Lffl;flfff 31OO,~{t*tJE 3200 l03C1tf:*tJE 3300 PTLlfilt!SB:~ 
1t*t1Em*, _aEl3~1tf¥{itff*.OO:iJJ O ~~m 3400 PT Llfil=t1S1=E~1t*~mwt=t~tuffm* 0 

[0176] :tm_tJiftj£, ESrt!HAs~~~Jrfl!Wtl ITTit.*tJE 3000 filt!SJl~2j[:@B1~JJx:BL ~~tu 
m Ll lz Jl~ 2j[:@ITT ~'ti. ITT 1¥ fit ff 1tf: 3 500, !El lft, :ltt rra it•* tJE 3000 ITT ~J:ffl 1¥{* ~ ;.5¥0 ~'ti. 
PT Ll 1~ JU & :@ o 

[0177] tlzffl~~~Jrfl!Wtl, ¥-~~ff1tf:PT Ll filt!S%JJx:1=E~tlkm LITT:tm Ull 00~ 0 !Ellft, B:tUm 
¥-~1*ff1tf:tt;flfWHsJ, PT Ll:t~JJPtatiJ~iJE'ti., &:@tUmF ;o yj'.7r, PT LllLlffl15iHP m~~:rth 
* ~ ~J~=t~ _¥ 1¼1 m:m ITTtJ! 11km 0 

[0178] :imttLl_t~Jrfl!Wtll=iJ Ll~tB, ,:2fs:$iwt~~ T Ll -rs1vtit1f~ 0 

[0179] tz.*1f~ 1. ~:frf1¥-~~ff1tf:, filt!S: 
[0180] it~, 1=EJifrJ£H~*lEX. T •x1Xl0{vf Ji)r5£.5LIXWJ1!J!UB1t~fH!klX ; 
[0181 J ffi~~tlkFA, %n'iZ1=EJifrJ£:t1 ~z_t : 
[0182J ffi=~1&m, %nx:1=EJiftJ£ffi~~1lkmz_t: 
[0183] JJPUll 00~, %nxtEJifr5£ffi=~tlkm* : 
[0184J m~£atiJ, filt1S1=EJiftJ£ffi=~1&mloJiftJ£»Pu'tl oo~z_t* ~:1:mm~ITT~ ~m5¥ot-e 
t~fil ; 
[0185] 1¼.Jmfil, ~ttJiftJ£m~£atiJloJiJrJ£ffi=tJ!1Jkm_a ~t~H~_¥JiJrJ£ffi=~1lkm : Lllz 
[0186] !Wi~t-ettOO~, ~ttJiJrJ£~ ~filITT_¥&~~'-JY1$~ ~mo 
[0187] tz.*1f~ 2. :tt□txlV~* 1 Jifr5£ITT¥-~1*ff1tf:, A*, JiJr5£ri ~t-ettOO~{vf Jifrj£ 
:tm Ull OO~z_t_a 1=j JiJrj£:JJp Ull 00~£~ 0 

[0188] tz.*1f~ 3. :tt□txlV~* 1 JiJr5£ITT¥-~1*ff1tf:, A*, JiJr5£JJPUll OO~filt!S{irrJiJrj£ 
•xlX®mJ£*~1XITTm~ITT~%00~o 
[0189] tz.*1f~ 4. ~□txlV~* 1 JiJr5£ITT¥-~1*ff1tf:, A*, JiJr5£JJPUll OO~filt!S{llr JiJrJ£ 
•x1XwtJiftJ£1~iH!klX * ITT~% 00~ o 
[0190] tz.*1f~ 5. ~□txlV~* 4 JiJr5£ITT¥-~1*ff1tf:, A*, JiJr5£rl~t-eti00~£51llTJiJr 
5£ J'i'r. x IX * ITT Jifr5£~ % 00 ~_m~ o 
[0191 J tz.*1f~ 6. :tt□txlV~* 1 JiJr5£ITT¥-~1*ff1tf:, A*, JiJr5£JJPUll OO~filt!S£5ffl1~1¥ 
f*~zrsJ ITTm~<t~ili:s<J .%% oo~ o 
[0192J tz.*1f~ 7. ~□txlV~* 1 Jifr5£ITT¥-~1*ff1tf:, A*, JiJr5£JJPUll OO~filt!St-eti::f-JJF4o 
[0193J tz.*1f~ s. ~□txlV~* 1 Jifr5£ITT¥-~1*ff{tf:, ~filtrS: 
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[0194J J*t~tBt~fil, JiJr3£J*t~tBt~fil 3f ttJiJr3£filii:~ttJrm ~ JiJr3£ffi=Bt&fil=t~i!I!, 3t _ft 
~~?Jr3£:1Jo[f!! oo~mii:o 
[0195J tz.*1f~ 9. :tz□ i-JV¥Ll~* 1 JiJr3£ITT-¥~~tt{tf:, ~,e1Jt :ffiA_¥.JiJr3£;;tJ:U[fil~fiJr3£ 
filii:£attJzrsJ ITTff-{itfil 0 

[0196J tz.*1f~ 10. :tz□txtu~* 1 JiJr3£ITT-¥~~tt1tf:, A q:r, t1:JiJrJ£11g:U[filITT*®5¥□ JiJrJ£ 
ffi-BmfilITT*®kMm*3£ffi=Bmfill:J,tt*3£ffi=BmfilITT*®~~~$o 
[0197] tz.*1f~ 11. :tz□ ;txtu~* 10 JiJr3£ITT-¥~f*tt-ftf:, ~filt!S ::l:lfEJiJr3£ffi=BtRfilITT 
Jife3£~$ITT3*i~tBt~FA o 

[0198] tz.*1f~ 12. :tz□ ;txtu~* 11 JiJr3£ITT-¥~~ttftf:, ~filt!S :JlfMttJiJr3£3*f~tBt~fil 
q:r ITT l'sJ ~ o 
[0199J tz.*1f~ 13. :tz□txtu~* 1 JifeJ£ITT-¥~wtt1tf:, ~fil=tt : 
[0200J J*t~, 3f ttJiJrJ£filii:£attJ ; 
[0201 J 3*t~tBt~fil, %mtEJiJr3£J*i~ITT{IJitl~k, A q:r, JiJr3£J*t~ITT q:r ,t,$ E13JiJr3£:5xf~tBt~ 
filHl11; l:J,,& 
[0202J ~BtR~, :f:jJEJifr3£J*f~ITTJiJr3£ q:r ,t,$_ft~ JiJr3£ffi=BtRfil=t~i!l!o 
[0203J tt*1f~ 14. :tz□ ;tx.tLl~* 1 JiJr3£ITT-¥~1*~1tf:, ~filtt: 
[0204J JiJ:W1itff-fil, ~1ia~1"1¼J:li[fil~JiJrJ£filii:~ttJzrsJ ; l:J,R. 
[0205J ~Llti~_§J~fil, Mmt1:JiJrJ£:1Jo[f!! oo~ ~JiJrJ£filii:£attJzrsJ o 
[0206J tz.*1f~ 1s. :tz□ txtu~* 14 JiJrJ£ITT-¥~f*tt1tf:, Aq:r, JiJrJ£~LltimH~filJi~rtJiJr 
J£~1(JJi1H~ ff- fil w 13{] W & o 
[0201J tt*1f~ 16. -5frfitLlm-¥-B'f*tt1tf:B{]1ft!, JiJr3£1ft!filtt: 
[0208J Mmffi-~1.1:fil ; 
[ 0209 J % m fil tt 5c ~ ±filFA ii:tEJiJrJ£ffi-~ 1.1:zk ITT ffi = ~ ttfil 5¥□ tB t~fil ITT filii: ~ ttJ ; 
[ 021 o J % m 3f ttJiJr3£fil ii:~ 1tg 5¥□ JiJr J£ffi-~ li fil ITT i¼J :U[fil , l:J, R. ~ ~ JiJr3£ 11J :U[fil ITT ff- fit 
fil ; 
[0211 J Mm3f ttJiJrJ£filii:£attJ ITTJ*t~ ; 
[0212J tEJifr3£J*f~ITT P-J ~k%m{J;itt? fil : 
[0213] tu ffl Jijy3£ i~H? fil ft ~~Llti~_§J~tm ** Pi JiJrJ£ffi-~lifil, ffl .tlt% M$ il\f Jifr3£ ff-fit 
filITT3f D ; 

[0214J * Pi El3 JiJr3£7f D *ill ITTff-{it fil : l:J,,& 
[0215] tEJiJr3£7f D q:rMm ~JiJr3£y1g:li[fil:J:~i!l!ITTBmFA 0 

[0216J tz.*1f~ 11. :tz□txtu~* 16 JiJrJ£ITT1frt, ~fil=tt : 
[0211J i:13 * Pi Jife3£ ff-fit filat, :imtt $ 73\.:f:i!! *Pi* i~M mtEJiJr3£J*t~ 13{] {IJ!tl~k $ ITT {5F:tP fil 
11~ ITT tE t~fil rnj ft3*i~ ITT r $ % M ~~ -f :f:8 tattJ 0 

[0218] tt*1f~ 18. :tz□ ;txtu~* 16 JiJr3£ITT7JY!, Aq:t, %MJiJr3£{5F:t? filfilt!S :%m'ei%B{] 
{5F:1? fil l:J, ftJiJr3£ f5F:tP fil ITT w & /"J-.JiJr3£ 3*t~ ITT Tm$_¥~ W ~ itJr ~ /J \ o 
[0219J tt*1f~ 19. :tz□ ;tx.tLl~* 16 JiJrJ£13{}1f1!, Aq:r, %MJife3£{5F:1? FAfiltt: 
[0220] tt*~JiJrJ£ffi-~l!tfilzgu, tEJife3£3*g~q:r%mJl~:l:)J?) W&ITTffi-{j;FJ? fil ; 
[0221] tEJiJrJ£ffi-f*tP fil zk%mffi= {5F:1? FA, A q:t, Jifr3£ffi= f*t? FA filtrS;f§A'JT Jifr3£ 
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ffi-u~filA~~~~~ttITTtt~#HA~~~%~;LlH 
[0222J ~ri%P>GftJiJr~1*iJiITTJ1£ffiITT JiJr~ffi-15iH? FA *_.i!IJiJr~ffi-ffittfil o 
[0223J tz.*1r~ 20. P□ :rXtlJ~* 19 Jifi~ITT1J1t, A q:r, JiJr~ffi-15ittP filfil!§tlJJ=IH~ffi 1,t 
"¥:~fflvVl;J~ LP-CVD 1t%P>GB{Jffl.{ttmFA, Jifi~ffi=15iH? filfil!§tlJJ=IHmlJ.~;t§ffClR PVD 1t%P>G 
ITT ffl. {t tJcfil o 
[0224J tz.*1r~ 21. P□tx.tlJ~* 19 Jifi~ITT1J1t, :i2Efiltr1i: 
[0225J ft% P>GJiJr~ffi = 15Rt? fil ziw, ftJiJr~ffi-u~ fil z_t% P>Gffi - 15Rt? fil, A q:r, Jifr~ 
m-u~fil~m%,Ll~m~m-u~filITTW~Mm~~•ITTffi$~fl£$~~~~0 
[0226J tz.*1r~ 22. P□ :rXtlJ~* 21 Jifr~ITT1J1t,Aq=r,JiJr~ffi-1:5Rt?filfiltr1illJffl~~f' 
~:I:~ s1l'd,t "¥: ~ ;t§ m~ PE -CVD 1t% p)G Et{] m 1,t 1m fil 0 
[0221J tz.*1r~ 23. PotxtlJ~* 16 Jifr~ITT1J1t, :i2Efiltr1i :ftJifr~ffi-ffittfil q:r%,6JGJJD [l!u 
OO~o 
[0228J tz.*1r~ 24. P□txtlJ~* 16 Jifr~ITT1J1t, :i2Efiltr1i : 3f ttJiJr~ffi=ffi4ifilITT~d>-
'i'" J,m $ ffi = ffi ttfil ITT 1% ~ 3'££100 ~ o 
[0229J tz.*1r~ 25. -,rrfi*IJm¥:~1*:H1tf=ITT1J1t, JiJr~1J~filtr1i : 
[0230J %P>GffittFA ; 
[0231] ftJifr~ffi4ifilq:t%,6JGJJO[l!u00~; 
[0232] ftJiJr~ffi4ifil;fOJiJr~JJD [l!u OO~z_t%P>Gfilii:~;MJ ; 
[ 0233] % P>G 3f ttJifr~fil R iatiJ ;fo JiJr~ ffi 41:fil ITTitJ il!fil ; 
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[0001] 

PASSIVE DEVICES FOR INTEGRATION 

WITH THREE-DIMENSIONAL MEMORY DEVICES 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of priority to U.S. Non-Provisional 

Application Serial Nos. 14/739,284, filed June 15, 2015 and 14/739,354, filed June 15, 2015, 

the entire content of the foregoing applications are incorporated herein by reference. 

FIELD 

[0002] The present disclosure relates generally to the field of semiconductor devices and 

specifically to passive devices that are compatible with three-dimensional memory devices 

and methods of making thereof. 

BACKGROUND 

[0003] Passive devices refer to devices that provide an output with, or without, a phase 

change in linear proportion to a sinusoidal electrical input. Passive devices do not have the 

ability to switch on, or off, the output. Passive devices include, for example, resistors, 

capacitors, and inductors. Semiconductor circuits routinely employ passive devices in 

addition to active devices such as transistors. 

SUMMARY 

[0004] According to an aspect of the present disclosure a three dimensional memory 

device is provided, comprising a memory device region containing a plurality of non-volatile 

memory devices, a peripheral device region containing active driver circuit devices, and a 

first stepped surface region between the peripheral device region and the memory device 

region containing a plurality of passive driver circuit devices. According to another aspect of 
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the present disclosure, a device comprising a set of capacitors is provided, the device 

comprising a stack of alternating layers including electrically insulating layers and 

electrically conductive layers located over a substrate, wherein each underlying electrically 

conductive layer that is located within the stack and has at least one overlying elect1ically 

conductive layer that laterally extends farther than the underlying electrically conductive 

layer to form a stepped surface region on a side of the stack, and a dielectric material portion 

located over the stepped surface region of the stack, wherein an interface between the 

dielectric material portion and the stack includes a contiguous set of horizontal surfaces and 

vertical surfaces to provide the stepped surface region. The device further comprises a set of 

dielectric fill material portions located within trenches that vertically extend through the stack 

of alternating layers and laterally contact sidewalls of the stack of alternating layers in the 

stepped surface region and a plurality of contact via structures in contact with respective 

electrically conductive layers within the stack of alternating layers. The electrically 

conductive layers constitute conductive components of a set of capacitors and a subset of the 

electrically insulating layers constitutes node dielectrics of the set of capacitors, Each 

capacitor in the set comprises a first node that includes an underlying electrically conductive 

layer of a respective vertically neighboring pair and a respective contact via structure that 

extends upward from the underlying electrically conductive layer and through the dielectric 

material portion, and a second node that includes an overlying electrically conductive layer of 

the respective vertically neighboring pair and a respective contact via structure that extends 

upward from the overlying electrically conductive layer and through the dielectric material 

portion. 

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

memory device comprises forming a plurality of memory devices in a memory device region; 
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forming a plurality of passive devices outside the memory device region, and forming a 

conductive layer in one deposition step such that a first portion of the conductive layer 

comprises a portion of at least one of the passive device and a second portion of the 

conductive layer forms a portion of at least one memory device. 

[0006] According to yet another aspect of the present disclosure, a semiconductor device 

is provided, comprising an alternating stack of first material layers and second material layers 

located over a substrate, at least one pillar structure extending from a first horizontal plane 

including a top surface of the alternating stack through at least a portion of the alternating 

stack, a laterally-extending semiconductor or conductive structure contacting a bottom 

surface of the at least one pillar structure, and a contact via structure contacting a top surface 

of the laterally-extending semiconductor or conductive structure and laterally spaced from the 

at least one pillar structure. Each of the at least one pillar structure comprises at least one 

doped semiconductor material portion therein, and each semiconductor material portion 

within the at least one pillar structure has a doping of a same second conductivity type. 

[0007] According to still another aspect of the present disclosure a method of forming at 

least one resistor structure comprises fanning an alternating stack of first material layers and 

second material layers over a substrate, and forming at least one vertically-extending cavity 

from a first horizontal plane including a top surface of the alternating stack to a laterally­

extending semiconductor or conductive structure. A physically exposed portion of a top 

surface of the laterally-extending semiconductor or conductive structure is present within a 

second horizontal plane located in the alternating stack below the first horizontal plane. The 

method further comprises forming a resistor comprising a pillar structure within each of the at 

least one vertically-extending cavity, wherein each pillar structure comprises at least one 

doped semiconductor material portion, and wherein each semiconductor material within the 
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pillar structure has a doping of a same second conductivity type, and forming a contact via 

structure contacting another portion of the top surface of the laterally-extending 

semiconductor or conductive structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a vertical cross-sectional view of a first exemplary structure after 

formation of a stack of an alternating plurality of first material layers and second material 

layers according to a first embodiment of the present disclosure. 

[0009] FIG. 2 is a vertical cross-sectional view of the first exemplary structure after 

formation of memory stack structures and an insulating cap layer according to the first 

embodiment of the present disclosure. 

[0010] FIG. 3 is a vertical cross-sectional view of the first exemplary structure after 

formation of an optional dielectric material portion according to the first embodiment of the 

present disclosure. 

[0011] FIG. 4 is a vertical cross-sectional view of the first exemplary structure during 

formation of stepped surfaces according to the first embodiment of the present disclosure. 

[0012] FIG. SA is a vertical cross-sectional view of the first exemplary structure after 

formation of stepped surfaces according to the first embodiment of the present disclosure. 

[0013] 

[0014] 

FIG. SB is a top-down view of the first exemplary structure of FIG. SA. 

FIG. 6A is a vertical cross-sectional view of the first exemplary structure after 

formation of a retro-stepped dielectric material portion and dielectric pillar structures 

according to the first embodiment of the present disclosure. 

[0015] FIG. 6B is a horizontal cross-sectional view of the first exemplary structure of 

FIG. 6A along the horizontal plane B - B'. 

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

disclosure. 

[0017] FIG. 7B is a horizontal cross-sectional view of the first exemplary structure of 

FIG. 7 A along the plane B - B'. The vertical plane A -A' is the plane of vertical cross­

sectional view of FIG. 7 A. 

[0018] FIG. 7C is a vertical cross-sectional view of the first exemplary structure of FIG. 

8B along the vertical plane C - C'. 

[0019] 

[0020] 

FIG. 7D is a top-down view of the first exemplary structure of FIGS. 7 A - 7C. 

FIG. 8A is a vertical cross-sectional view of the first exemplary structure after 

formation of lateral recesses according to the first embodiment of the present disclosure. 

[0021] FIG. 8B is a horizontal cross-sectional view of the first exemplary structure of 

FIG. 8A along the plane B - B'. The vertical plane A -A' is the plane of vertical cross­

sectional view of FIG. 8A. 

[0022] FIG. SC is a vertical cross-sectional view of the first exemplary structure of FIG. 

7B along the vertical plane C - C'. 

[0023] FIG. 9A is a vertical cross-sectional view of the first exemplary structure after 

formation of electrically conductive layers according to the first embodiment of the present 

disclosure. 

[0024] FIG. 9B is a horizontal cross-sectional view of the first exemplary structure of 

FIG. 9A along the plane B - B'. The vertical plane A -A' is the plane of vertical cross­

sectional view of FIG. 9A. 

[0025] FIG. lOA is a vertical cross-sectional view of the first exemplary structure after 

removal of a metallic material from trenches according to the first embodiment of the present 

disclosure. 

-5-

Micron Ex. 1002, p. 184 
Micron v. YMTC 
IPR2024-00790



WO 2016/205078 PCT/US2016/036771 

[0026] FIG. 10B is a horizontal cross-sectional view of the first exemplary stmcture of 

FIG. lOA along the plane B - B'. The vertical plane A- A' is the plane of vertical cross­

sectional view of FIG. lOA. 

[0027] FIG. 1 lA is a vertical cross-sectional view of the first exemplary stmcture after 

formation of dielectric fill material portions and a backside contact via stmcture according to 

the first embodiment of the present disclosure. 

[0028] FIG. 11B is a horizontal cross-sectional view of the first exemplary stmcture of 

FIG. llA along the plane B - B'. The vertical plane A-A' is the plane of vertical cross­

sectional view of FIG. 1 lA. 

[0029] FIG. 12A is a vertical cross-sectional view of the first exemplary stmcture after 

formation of capacitor plate contact via stmctures and drain contact via stmctures according 

to the first embodiment of the present disclosure. 

[0030] FIG. 12B is a horizontal cross-sectional view of the first exemplary stmcture of 

FIG. 12A along the plane B - B'. The vertical plane A - A' is the plane of vertical cross­

sectional view of FIG. 12A. 

[0031] FIG. 12C is a vertical cross-sectional view of the first exemplary stmcture of FIG. 

12B along the vertical plane C - C'. 

[0032] 

[0033] 

FIG. 12D is a top-down view of the first exemplary stmcture of FIGS. 12A - 12C. 

FIG. 13A is a top-down view of the first exemplary stmcture after formation of a 

line level dielectric material layer and interconnect line structures according to the first 

embodiment of the present disclosure. 

[0034] FIG. 13B is a vertical cross-sectional view of the first exemplary stmcture of FIG. 

13A along the vertical plane B - B'. 

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

[0036] FIG. 13D is a vertical cross-sectional view of the first exemplary structure of FIG. 

13A along the vertical plane D - D'. 

[0037] FIG. 13E is a vertical cross-sectional view of the first exemplary structure of FIG. 

13A along the vertical plane E- E'. 

[0038] FIGS. 14A and 14X are schematic top down views of devices of embodiments of 

the invention. FIGS. 14B, 14E, 14H, 14K, 14N, 14Q and 14T are top-down views of the 

alternative exemplary structures during fabrication steps of the device of FIG. 14X. FIGS. 

14C, 14F, 141, 14L, 140, 14R and 14U are vertical cross-sectional views along respective 

lines C-C', F-F', I-I', L-L', 0-0', R-R' and U-U' in FIGS. 14B, 14E, 14H, 14K, 14N, 14Q 

and 14T, respectively. FIGS. 14D, 140, 141, 14M, 14P, 14S and 14V are vertical cross­

sectional views along respective lines D-D', G-G', J-J', M-M', P-P', S-S' and V-V' in FIGS. 

14B, 14E, 14H, 14K, 14N, 14Q and 14T, respectively. 

[0039] FIG. 14W is a resulting capacitor that includes adjacent electrode plates separated 

by an insulating layer, and respective electrical contacts (e.g., capacitor contact via structures) 

to the electrode plates. 

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

schemes of embodiments of the invention. 

[0041] FIG. 15A is a vertical cross-sectional view of a second exemplary structure after 

formation of a doped semiconductor well and an optional doped contact region according to a 

second embodiment of the present disclosure. 

[0042] FIG. 15B is a vertical cross-sectional view of the second exemplary structure after 

formation of an alternating stack of first mate1ial layers and second material layers according 

to the second embodiment of the present disclosure. 
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[0043] FIG. 16 is a vertical cross-sectional view of the second exemplary structure after 

formation of memory openings and vertically-extending cavities according to the second 

embodiment of the present disclosure. 

[0044] FIG. 17 is a vertical cross-sectional view of the second exemplary structure after 

formation of memory stack structures and pillar structures according to the second 

embodiment of the present disclosure. 

[0045] FIG. 18 is a vertical cross-sectional view of the second exemplary structure after 

implantation of dopants of a second conductivity type into the pillar structures according to 

the second embodiment of the present disclosure. 

[0046] FIG. 19 is a vertical cross-sectional view of the second exemplary structure after 

formation of an optional insulating cap layer according to the second embodiment of the 

present disclosure. 

[0047] FIG. 20 is a vertical cross-sectional view of the second exemplary structure after 

formation of a resistor contact trench according to the second embodiment of the present 

disclosure. 

[0048] FIG. 21 is a vertical cross-sectional view of the second exemplary structure after 

formation of an insulating spacer and a substrate contact via structure according to the second 

embodiment of the present disclosure. 

[0049] FIG. 22 is a vertical cross-sectional view of the second exemplary structure after 

formation of drain contact via structures, pillar contact via structures, and interconnect line 

structures according to the second embodiment of the present disclosure. 

[0050] FIG. 23 is a vertical cross-sectional view of an alternate embodiment of the 

second exemplary structure according to the second embodiment of the present disclosure. 

[0051] FIG. 24 is a vertical cross-sectional view of a third exemplary structure after 
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replacement of first portions of second material layers with electrically conductive layers 

while maintaining second portions of the second material layers intact according to a third 

embodiment of the present disclosure. 

[0052] FIG. 25 is a vertical cross-sectional view of the third exemplary stmcture after 

formation of drain contact via stmctures and a pillar contact line structure according to the 

third embodiment of the present disclosure. 

[0053] FIG. 26 is a vertical cross-sectional view of the third exemplary stmcture after 

formation of a resistor contact trench according to the third embodiment of the present 

disclosure. 

[0054] FIG. 27 is a vertical cross-sectional view of the third exemplary stmcture after 

formation of a substrate contact via stmcture according to the third embodiment of the 

present disclosure. 

[0055] FIG. 28 is a vertical cross-sectional view of a fourth exemplary stmcture after 

formation of a dielectric material layer according to a fourth embodiment of the present 

disclosure. 

[0056] FIG. 29A is a vertical cross-sectional view of the fourth exemplary stmcture after 

formation of a backside contact trench according to the fourth embodiment of the present 

disclosure. 

[0057] FIG. 29B is a horizontal cross-sectional view of the fourth exemplary structure 

along the horizontal plane B - B' of FIG. 29A. The vertical plane A- A' is the plane of 

vertical cross-sectional view of FIG. 29 A. 

[0058] FIG. 29C is a vertical cross-sectional view of the first exemplary structure of FIG. 

29B along the vertical plane C - C'. 

[0059] FIG. 29D is a top-down view of the first exemplary stmcture of FIGS. 29A- 29C. 
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[0060] FIG. 30A is a vertical cross-sectional view of the fourth exemplary structure after 

formation of electrically conductive layers according to the fourth embodiment of the present 

disclosure. 

[0061] FIG. 30B is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 30A along the plane B - B'. The vertical plane A- A' is the plane of vertical cross­

sectional view of FIG. 30A. 

[0062] FIG. 3 lA is a vertical cross-sectional view of the fourth exemplary structure after 

removal of a metallic material from trenches according to the fourth embodiment of the 

present disclosure. 

[0063] FIG. 3 lB is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 31A along the plane B - B'. The vertical plane A-A' is the plane of vertical cross­

sectional view of FIG. 31A. 

[0064] FIG. 32A is a vertical cross-sectional view of the fourth exemplary structure after 

formation of a backside insulating spacer and a backside contact via structure according to 

the fourth embodiment of the present disclosure. 

[0065] FIG. 32B is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 32A along the plane B - B'. The vertical plane A- A' is the plane of vertical cross­

sectional view of FIG. 32A. 

[0066] FIG. 33A is a vertical cross-sectional view of the fourth exemplary structure after 

formation of substrate contact via structures and drain contact via structures according to the 

fourth embodiment of the present disclosure. 

[0067] FIG. 33B is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 33A along the plane B - B'. The vertical plane A-A' is the plane of vertical cross­

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

FIG. 33B along the vertical plane C - C'. 

[0069] 

33C. 

[0070] 

FIG. 33D is a top-down view of the fourth exemplary structure of FIGS. 33A -

FIG. 34A is a vertical cross-sectional view of the fourth exemplary structure after 

formation of vertically-extending cavities according to the fourth embodiment of the present 

disclosure. 

[0071] FIG. 34B is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 34A along the plane B - B'. The vertical plane A- A' is the plane of vertical cross­

sectional view of FIG. 34A. 

[0072] FIG. 34C is a vertical cross-sectional view of the fourth exemplary structure of 

FIG. 34B along the vertical plane C - C'. 

[0073] 

34C. 

[0074] 

FIG. 34D is a top-down view of the fourth exemplary structure of FIGS. 34A -

FIG. 35A is a vertical cross-sectional view of the fourth exemplary structure after 

formation of resistor pillar structures according to the fourth embodiment of the present 

disclosure. 

[0075] FIG. 35B is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 35A along the plane B - B'. The vertical plane A- A' is the plane of vertical cross­

sectional view of FIG. 35A. 

[0076] FIG. 35C is a vertical cross-sectional view of the fourth exemplary structure of 

FIG. 35B along the vertical plane C - C'. 

[0077] 

35C. 

FIG. 35D is a top-down view of the fourth exemplary structure of FIGS. 35A-
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[0078] FIG. 36A is a vertical cross-sectional view of the fourth exemplary structure after 

formation of interconnect line structures according to the fourth embodiment of the present 

disclosure. 

[0079] FIG. 36B is a horizontal cross-sectional view of the fourth exemplary structure of 

FIG. 36A along the plane B - B'. The vertical plane A- A' is the plane of vertical cross­

sectional view of FIG. 36A. 

[0080] FIG. 36C is a vertical cross-sectional view of the fourth exemplary structure of 

FIG. 36B along the vertical plane C - C'. FIG. 36D is a top-down view of the fourth 

exemplary structure of FIGS. 36A - 36C. 

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

DETAILED DESCRIPTION 

[0082] As discussed above, the present disclosure is directed to passive devices that are 

compatible with three-dimensional memory devices and methods of making thereof, the 

various aspects of which are described below. The embodiments of the disclosure can be 

employed to form various structures including a device structure, a non-limiting example of 

which includes capacitors and/or resistors that can be formed on a same substrate as 

additional semiconductor devices such as three-dimensional monolithic memory array 

devices comprising a plurality of NAND memory strings. The drawings are not drawn to 

scale. Multiple instances of an element may be duplicated where a single instance of the 

element is illustrated, unless absence of duplication of elements is expressly described or 

clearly indicated otherwise. Ordinals such as "first," "second," and "third" are employed 

merely to identify similar elements, and different ordinals may be employed across the 

specification and the claims of the instant disclosure. As used herein, a first element located 

"on" a second element can be located on the exterior side of a surface of the second element 
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or on the interior side of the second element. As used herein, a first element is located 

"directly on" a second element if there exist a physical contact between a surface of the first 

element and a surface of the second element. 

[0083] As used herein, a "layer" refers to a material portion including a region having a 

substantially uniform thickness. A layer may extend over the entirety of an underlying or 

overlying structure, or may have an extent less than the extent of an underlying or overlying 

structure. Further, a layer may be a region of a homogeneous or inhomogeneous contiguous 

structure that has a thickness less than the thickness of the contiguous structure. For 

example, a layer may be located between any pair of horizontal planes between, or at, a top 

surface and a bottom surface of the contiguous structure. A plane is horizontal when it is 

parallel to a flat portion of the top surface of the substrate. However, it should be understood 

that the substrate may be positioned at any angle with respect to the direction of gravity and 

that the term "horizontal" does not imply that a horizontal direction must be perpendicular to 

the direction of gravity. A layer may extend horizontally, vertically, and/or along a tapered 

surface. A substrate may be a layer, may include one or more layers therein, and/or may have 

one or more layer thereupon, thereabove, and/or therebelow. 

[0084] A monolithic three dimensional memory array is one in which multiple memory 

levels are formed above a single substrate, such as a semiconductor wafer, with no 

intervening substrates. The term "monolithic" means that layers of each level of the array are 

directly deposited on the layers of each underlying level of the array. In contrast, two 

dimensional arrays may be formed separately and then packaged together to form a non­

monolithic memory device. For example, non-monolithic stacked memories have been 

constructed by forming memory levels on separate substrates and vertically stacking the 

memory levels, as described in U.S. Patent No. 5,915,167 titled "Three Dimensional 
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Structure Memory." The substrates may be thinned or removed from the memory levels 

before bonding, but as the memory levels are initially formed over separate substrates, such 

memories are not true monolithic three dimensional memory arrays. The various three 

dimensional memory devices of the present disclosure include a monolithic three­

dimensional N AND string memory device, and can be fabricated employing the various 

embodiments described herein. 

[0085] Referring to FIG. 1, a first exemplary structure according to a first embodiment of 

the present disclosure is illustrated, which can be employed, for example, to fabricate a 

device structure containing vertical NAND memory devices. The first exemplary structure 

includes a substrate, which can be a semiconductor substrate. The substrate can include a 

semiconductor material layer 10. The semiconductor material layer 10 can include at least 

one elemental semiconductor material, at least one III-V compound semiconductor material, 

at least one II-VI compound semiconductor material, at least one organic semiconductor 

material, or other semiconductor materials known in the art. The substrate can have a major 

surface 7, which can be, for example, a topmost surface of the semiconductor material layer 

10. The major surface 7 can be a semiconductor surface. In one embodiment, the major 

surface 7 can be a single crystalline semiconductor surface. 

[0086] As used herein, a "semiconductor material" refers to a material having electrical 

conductivity in the range from 1.0 x 10-6 Siem to 1.0 x 105 Siem, and is capable of producing 

a doped material having electrical resistivity in a range from 1.0 Siem to 1.0 x 105 Siem upon 

suitable doping with an electrical dopant. As used herein, an "electrical dopant" refers to a p­

type dopant that adds a hole to a valence band within a band structure, or an n-type dopant 

that adds an electron to a conduction band within a band structure. As used herein, a 

"conductive material" refers to a material having electrical conductivity greater than 1.0 x 105 
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S/cm. As used herein, an "insulator material" or a "dielectric material" refers to a mate1ial 

having electrical conductivity less than 1.0 x 10-6 S/cm. All measurements for electrical 

conductivities are made at the standard condition. Optionally, at least one doped well (not 

expressly shown) can be formed within the semiconductor material layer 10. 

[0087] At least one semiconductor device (not shown) for a peripheral circuitry can be 

formed on a p01iion of the semiconductor material layer 10. The region in which the at least 

one semiconductor device for the peripheral circuitry is herein referred to as a peripheral 

device region. The at least one semiconductor device can include, for example, field effect 

transistors. The least one semiconductor device for the peripheral circuitry can contain a 

d1iver circuit for memory devices to be subsequently formed, which can include at least one 

NAND device. 

[0088] Optionally, a dielectric pad layer 12 can be formed above the semiconductor 

material layer 10. The dielectric pad layer 12 can be, for example, silicon oxide layer. The 

thickness of the dielectric pad layer 12 can be in a range from 3 nm to 30 nm, although lesser 

and greater thicknesses can also be employed. A dielectric cap layer 31 can be optionally 

formed. The dielectric cap layer 31 includes a dielectric material such as silicon oxide, a 

dielectric metal oxide, and silicon nitride (in case the material of second material layers to be 

subsequently formed is not silicon nitride). 

[0089] A stack of an alternating plurality of first material layers (which can be insulating 

layers 32) and second material layers (which can be sacrificial material layer 42) is formed 

over the top surface of the substrate, which can be, for example, on the top surface of the 

dielectric cap layer 31. As used herein, an alternating plurality of first elements and second 

elements refers to a structure in which instances of the first elements and instances of the 

second elements alternate. Each instance of the first elements that is not an end element of 
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the alternating plurality is adjoined by two instances of the second elements on both sides, 

and each instance of the second elements that is not an end element of the alternating 

plurality is adjoined by two instances of the first elements on both ends. The first elements 

may have the same thickness thereamongst, or may have different thicknesses. The second 

elements may have the same thickness thereamongst, or may have different thicknesses. The 

alternating plurality of first material layers and second material layers may begin with an 

instance of the first material layers or with an instance of the second material layers, and may 

end with an instance of the first material layers or with an instance of the second material 

layers. In one embodiment, an instance of the first elements and an instance of the second 

elements may form a unit that is repeated with periodicity within the alternating plurality. 

[0090] Each first material layer includes a first matelial. and each second material layer 

includes a second material that is different from the first material. In one embodiment, each 

first matelial layer can be an insulator layer 32, and each second material layer can be a 

sacrificial material layer 42. In this case, the stack can include an alternating plurality of 

insulator layers 32 and sacrificial matelial layers 42. 

[0091] The stack of the alternating plurality is herein refen-ed to as an alternating stack 

(32, 42). In one embodiment, the alternating stack (32, 42) can include insulator layers 32 

composed of the first material, and saclificial matelial layers 42 composed of a second 

matelial different from that of insulator layers 32. The first material of the insulator layers 

32 can be at least one electrically insulating material. As such, each insulator layer 32 can be 

an electrically insulating material layer. Electlically insulating materials that can be 

employed for the insulator layers 32 include, but are not limited to silicon oxide (including 

doped or undoped silicate glass), silicon nitlide, silicon oxynitlide, organosilicate glass 

(OSG), spin-on dielectlic materials, dielectric metal oxides that are commonly known as high 
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dielectric constant (high-k) dielectric oxides (e.g., aluminum oxide, hafnium oxide, etc.) and 

silicates thereof, dielectric metal oxynitrides and silicates thereof, and organic insulating 

materials. In one embodiment, the first material of the insulator layers 32 can be silicon 

oxide. 

[0092] The second material of the sacrificial mate1ial layers 42 is a sacrificial material 

that can be removed selective to the first material of the insulator layers 32. As used herein, a 

removal of a first material is "selective to" a second material if the removal process removes 

the first material at a rate that is at least twice the rate of removal of the second material. The 

ratio of the rate of removal of the first material to the rate of removal of the second material is 

herein referred to as a "selectivity" of the removal process for the first material with respect 

to the second material. 

[0093] The sacrificial material layers 42 may comprise an electrically insulating material, 

a semiconductor material, or a conductive material. The second material of the sacrificial 

material layers 42 can be subsequently replaced with electrically conductive electrodes which 

can function, for example, as control gate electrodes of a ve11ical NAND device. Non­

limiting examples of the second material include silicon nitride, an amorphous semiconductor 

material (such as ammphous silicon), and a polycrystalline semiconductor material (such as 

polysilicon). In one embodiment, the sacrificial material layers 42 can be material layers 

that comprise silicon nitride or a semiconductor material including at least one of silicon and 

germanium. 

[0094] In one embodiment, the insulator layers 32 can include silicon oxide, and 

sacrificial material layers can include silicon nitride sacrificial material layers. The first 

material of the insulator layers 32 can be deposited, for example, by chemical vapor 

deposition (CVD). For example, if silicon oxide is employed for the insulator layers 32, 
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tetraethyl orthosilicate (TEOS) can be employed as the precursor material for the CVD 

process. The second material of the sacrificial material layers 42 can be formed, for example, 

CVD or atomic layer deposition (ALD). 

[0095] The sacrificial material layers 42 can be suitably patterned so that conductive 

material portions to be subsequently formed by replacement of the sacrificial material layers 

42 can function as electrically conductive electrodes, such as the control gate electrodes of 

the monolithic three-dimensional NAND string memory devices to be subsequently formed. 

The sacrificial material layers 42 may comprise a portion having a strip shape extending 

substantially parallel to the major surface 7 of the substrate. 

[0096] The thicknesses of the insulator layers 32 and the sacrificial material layers 42 can 

be in a range from 20 nm to 50 nm, although lesser and greater thicknesses can be employed 

for each insulator layer 32 and for each sacrificial material layer 42. The number of 

repetitions of the pairs of an insulator layer 32 and a sacrificial material layer (e.g., a control 

gate electrode or a sacrificial material layer) 42 can be in a range from 2 to 1,024, and 

typically from 8 to 256, although a greater number of repetitions can also be employed. The 

top and bottom gate electrodes in the stack may function as the select gate electrodes. In one 

embodiment, each sacrificial material layer 42 in the alternating stack (32, 42) can have a 

uniform thickness that is substantially invariant within each respective sacrificial mate1ial 

layer 42. The first exemplary structure may include a memory device region 100 in which an 

airay of memory devices can be subsequently formed, and a capacitor region 400 in which at 

least one passive device can be subsequently formed. 

[0097] Referring to FIG. 2, a lithographic material stack (not shown) including at least a 

photoresist layer can be formed over the alternating stack (32, 42), and can be 

lithographically patterned to form openings therein. The pattern in the lithographic material 
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stack can be transferred through the entirety of the alternating stack (32, 42) by at least one 

anisotropic etch that employs the patterned lithographic material stack as an etch mask. 

Portions of the alternating stack (32, 42) underlying the openings in the patterned lithographic 

material stack are etched to form memory openings. In other words, the transfer of the 

pattern in the patterned lithographic material stack through the alternating stack (32, 42) 

forms the memory openings that extend through the alternating stack (32, 42). The chemistry 

of the anisotropic etch process employed to etch through the materials of the alternating stack 

(32, 42) can alternate to optimize etching of the first and second materials in the alternating 

stack (32, 42). The anisotropic etch can be, for example, a series of reactive ion etches. 

Optionally, the dielectric cap layer 31 may be used as an etch stop layer between the 

alternating stack (32, 42) and the substrate. The sidewalls of the memory openings can be 

substantially vertical, or can be tapered. The patterned lithographic material stack can be 

subsequently removed, for example, by ashing. The memory openings can be formed in the 

memory device region 100. 

[0098] The memory openings are formed through the dielectric cap layer 31 and the 

dielectric pad layer 12 so that the memory openings extend from the top surface of the 

alternating stack (32, 42) to the top surface of the semiconductor material layer 10. In one 

embodiment, an overetch into the semiconductor material layer 10 may be optionally 

performed after the top surface of the semiconductor mate1ial layer 10 is physically exposed 

at a bottom of each memory openings. The overetch may be performed prior to, or after, 

removal of the lithographic material stack. In other words, the recessed surfaces of the 

semiconductor material layer 10 may be vertically offset from the undressed top surfaces of 

the semiconductor material layer 10 by a recess depth. The recess depth can be, for example, 

in a range from 1 nm to 50 nm, although lesser and greater recess depths can also be 
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employed. The overetch is optional, and may be omitted. If the overetch is not performed, 

the bottom surface of each memory openings can be coplanar with the topmost surface of the 

semiconductor material layer 10. Each of the memory openings can include a sidewall (or a 

plurality of sidewalls) that extends substantially perpendicular to the topmost surface of the 

substrate. The region in which the array of memory openings is formed is herein referred to 

as a device region. 

[0099] A memory stack structure 55 can be formed within each memory opening 

through the alternating stack (32, 42). The memory stack structures 55 can be fonned, for 

example, by forming an optional epitaxial channel portion 66 at a bottom portion of each 

memory opening by selectively depositing a semiconductor material that is intrinsic or has a 

doping of a same conductivity type as the semiconductor material layer 10. Alternatively, 

portion 66 may be omitted or replaced by a trench in layer 10. A memory film layer is 

deposited in the memory openings over the alternating stack (32, 42) by a series of conformal 

deposition processes. The memory film layer can be a stack of contiguous material layers 

that overlie the entirety of the alternating stack (31, 42,). The memory film layer contacts all 

sidewall surface(s) and all bottom surface(s) of the memory openings. The memory film 

layer is a contiguous film stack that provides the functionality of charge storage in the 

absence of an external electrical bias voltage, while enabling charge transfer in the presence 

of a suitable external electrical bias voltage. 

[00100] In one embodiment, the memory film layer can be a stack, in the order of 

formation, of a blocking dielectric layer, a charge storage layer, and a tunnel dielectric layer. 

In one embodiment, a plurality of floating gates or a charge storage dielectric can be located 

between the tunneling dielectric layer and the blocking dielectric layer. 

[0100] The blocking dielectric layer contacts the sidewalls of the memory openings. 
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Specifically, the blocking dielectric layer can contact the sidewalls of the sacrificial layers 42. 

The blocking dielectric layer may include one or more dielectric material layers that can 

function as the control gate dielectrics for control gate electrodes to be subsequently formed. 

The blocking dielectric layer can include silicon oxide, a dielectric metal oxide, a dielectric 

metal oxynitride, or a combination thereof. In one embodiment, the blocking dielectric layer 

can include a stack of at least one silicon oxide layer and at least one dielectric metal oxide 

layer. The blocking dielectric layer can be formed by a conformal deposition process such as 

chemical vapor deposition (CVD) and/or atomic layer deposition (ALD), and/or by 

deposition of a conformal material layer (such as an amorphous silicon layer) and subsequent 

conversion of the conformal material layer into a dielectric material layer (such as a silicon 

oxide layer). The thickness of the blocking dielectric layer can be in a range from 6 nm to 24 

nm, although lesser and greater thicknesses can also be employed. Alternatively, the 

blocking dielectric layer may be omitted from the memory opening, and instead be formed 

through the backside contact trench in recesses formed by removal of the sacrificial layers 42 

p1ior to forming the metal control gate electrodes through a backside contact trench. 

[0101] The charge storage layer includes a dielectric charge trapping material, which can 

be, for example, silicon nitride, or a conductive material such as doped polysilicon or a 

metallic material. In one embodiment, the charge storage layer includes silicon nitride. The 

charge storage layer can be formed as a single charge storage layer of homogeneous 

composition, or can include a stack of multiple charge storage material layers. The multiple 

charge storage material layers, if employed, can comprise a plurality of spaced-apart floating 

gate material layers that contain conductive materials (e.g., metal such as tungsten, 

molybdenum, tantalum, titanium, platinum, ruthenium, and alloys thereof, or a metal silicide 

such as tungsten silicide, molybdenum silicide, tantalum silicide, titanium silicide, nickel 
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silicide, cobalt silicide, or a combination thereof) and/or semiconductor materials (e.g., 

polycrystalline or amorphous semiconductor material including at least one elemental 

semiconductor element or at least one compound semiconductor material). Alternatively or 

additionally, the charge storage layer may comprise an insulating charge trapping material, 

such as one or more silicon nitride segments. Alternatively, the charge storage layer may 

comprise conductive nanoparticles such as metal nanoparticles, which can be, for example, 

ruthenium nanoparticles. The charge storage layer can be formed, for example, by chemical 

vapor deposition (CVD), atomic layer deposition (ALD), physical vapor deposition (PVD), or 

any suitable deposition technique for the selected material(s) for the charge storage layer. 

The thickness of the charge storage layer can be in a range from 2 nm to 20 nm, although 

lesser and greater thicknesses can also be employed. 

[0102] The tunnel dielectric layer includes a dielectric material through which charge 

tunneling can be performed under suitable electrical bias conditions. The charge tunneling 

may be performed through hot-carrier injection or by Fowler-Nordheim tunneling induced 

charge transfer depending on the mode of operation of the monolithic three-dimensional 

NAND string memory device to be formed. The tunneling dielectric layer can include silicon 

oxide, silicon nitride, silicon oxynitride, dielectric metal oxides (such as aluminum oxide and 

hafnium oxide), dielectric metal oxynit1ide, dielectric metal silicates, alloys thereof, and/or 

combinations thereof. In one embodiment, the tunneling dielectric layer can include a stack 

of a first silicon oxide layer, a silicon oxynitride layer, and a second silicon oxide layer, 

which is commonly known as an ONO stack. In one embodiment, the tunneling dielectric 

layer can include a silicon oxide layer that is substantially free of carbon or a silicon 

oxynitride layer that is substantially free of carbon. The thickness of the tunnel dielectric 

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

[0103] Optionally, a permanent channel material layer (such as a polysilicon layer) and/or 

a sacrificial layer (such as a dielectric material layer) may be formed on the memory film 

layer. The memory film layer (and any additional layer such as a permanent channel material 

layer or a sacrificial layer) can be anisotropically etched so that horizontal p011ions of the 

memory film layer (and any additional layer) are removed from above the top surface of the 

alternating stack (32, 42) and at the bottom of each memory opening. Each remaining 

vertical portion of the memory film layer that remains within a memory opening after the 

anisotropic etch constitutes a memory film 50. Each memory film 50 can be homeomorphic 

to a torus. As used herein, an element is homeomorphic to a geometrical shape if the shape 

of the element can be mapped to the geometrical shape by continuous deformation without 

creation or destruction of any hole. If an electrode underlies the memory openings, a top 

surface of the electrode can be physically exposed within the cavity defined by the inner 

sidewalls of an overlying memory film 50. 

[0104] In one embodiment, a first semiconductor channel layer can be deposited directly 

on the surfaces of the tunnel dielectric layer as a permanent channel material layer by a 

conformal deposition method such as chemical vapor deposition (CVD). The first 

semiconductor channel layer and the memory films can be anisotropically etched to form an 

opening at a bottom p011ion of each memory opening. A top surface of the substrate 

semiconductor layer 10 is physically exposed at the bottom of each memory opening. Each 

remaining portion of the first semiconductor channel layer within a memory opening 

constitutes a first semiconductor channel portion 601. 

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

601 within each memory opening, a second semiconductor channel layer can be deposited on 
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the sidewalls of the first semiconductor channel portions 601, physically exposed surfaces of 

the substrate semiconductor layer 10 within the memory openings, and over the alternating 

stack (32, 42). The semiconductor material of the second semiconductor channel layer can 

include a doped polycrystalline semiconductor material (such as doped polysilicon), or can 

include a doped amorphous semiconductor material (such as amorphous silicon) that can be 

subsequently converted into a doped polycrystalline semiconductor material after a suitable 

anneal at an elevated temperature. 

[0106] Optionally, a dielectric core 62 can be formed within a cavity inside each 

semiconductor channel 60, for example, by deposition of a dielectric material such as silicon 

oxide, and subsequent planarization of the dielectric material. The planarization of the 

dielectric material removes the portion of the deposited dielectric material from above the top 

surface of the horizontal plane including the top surface of the topmost layer of the 

alternating stack (32, 42), which can be, for example, the top surface of the topmost insulator 

layer 32. The planarization of the dielectric material can be performed, for example, by 

chemical mechanical planarization. Each remaining portion of the dielectric mate1ial inside a 

memory opening constitutes a dielectric core 62. The dielectric core 62 is an optional 

component, and a combination of a memory film 50 and a semiconductor channel 60 may 

completely fill a memory opening 

[0107] The horizontal portion of the second semiconductor channel layer above the top 

surface of the topmost layer of the alternating stack (32, 42) can be removed, for example, by 

a recess etch. Each remaining portion of the second semiconductor channel layer constitutes 

a second semiconductor channel 602. Each adjoined pair of a first semiconductor channel 

601 and a second semiconductor channel 602 vertically extend through the alternating stack 

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

within a same memory opening constitutes a memory stack structure 55. 

[0108] Drain regions 63 can be formed by recessing a top portion of each dielectric core 

and depositing a doped semiconductor material. The doped semiconductor material can be, 

for example, doped polysilicon. The drain regions 63 can have a doping of a second 

conductivity type, which is the opposite of the first conductivity type (that is the conductivity 

type of the semiconductor material layer 10). Excess portions of the deposited semiconductor 

material can be removed from above the top surface of the alternating stack (32, 42), for 

example, by chemical mechanical planarization (CMP) or a recess etch. 

[0109] Optionally, an insulating cap layer 71 can be formed over the alternating stack 

(32, 42) and the array of memory stack structures 55. The insulating cap layer 71 can include 

a dielectric material such as silicon oxide, a dielectric metal oxide, and/or a nitrogen-doped 

organosilicate glass. The thickness of the insulating cap layer 71 can be in a range from 5 nm 

to 100 nm, although lesser and greater thicknesses can also be employed. 

[0110] Referring to FIG. 3, a portion of the alternating stack (32, 42) can be removed, for 

example, by applying and patterning a photoresist layer (not shown), and by transferring the 

pattern of the photoresist layer through the alternating stack (32, 42) employing an etch such 

as an anisotropic etch. A trench extending through the entire thickness of the alternating 

stack (32, 42) can be formed. Subsequently, the trench can be filled with an optional 

dielectric material such as silicon oxide to form a dielectric material portion 64. Excess 

portions of the dielectric material can be removed from above the top surface of the 

insulating cap layer 71 by a planarization process such as chemical mechanical planarization 

and/or a recess etch. The top surfaces of the insulating cap layer 71 can be employed as a 

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

[0111] Referring to FIG. 4, a trimming material layer 67 is formed and patterned over 

the insulating cap layer 71. The trimming material layer 67 comprises a material that can be 

continually trimmed, i.e., a material that can be gradually removed over a time duration from 

outside to inside at a controlled removal rate. For example, the trimming material layer 67 

can be selected from a photoresist material, an organic polymer material, and an inorganic 

polymer material. Organic polymer materials that can be employed for the trimming material 

layer 67 can be an organic material made of cross-linked carbon-containing monomers, and 

can be carbon-based self-planarizing material known in the art. Inorganic polymer material 

that can be employed for the trimming material layer 67 include silicon-based polymer 

materials such as silicon-based antireflective coating materials as known in the art. A portion 

of the trimming material layer 67 remains after repeated trimming that shifts an outer 

sidewall of the trimming material layer 67 to a periphery of the capacitor region 400 

adjoining the memory device region 100. 

[0112] Portions of the insulating cap layer 71 and a topmost insulator layer 32 within the 

area of an opening in the trimming material layer 67 can be removed by an anisotropic etch. 

The last step of the anisotropic etch can be selective to the material of the sacrificial material 

layer 42 to minimize an overetch into the topmost sacrificial material layer 42. A recess 

cavity is formed at the levels of the insulating cap layer 71 and the topmost insulator layer 32 

within the area of the opening in the trimming material layer 67. 

[0113] Subsequently, a set of process steps is repeatedly performed to form stepped 

surfaces in the capacitor region 400. Each set of processing steps can include a first 

processing step of trimming the trimming material layer 67 to widen the opening in the 

trimming material layer 67, a second processing step of anisotropically etching the material 
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of the sacrificial material layers 42 (with or without collateral etching of the material of the 

insulating cap layer 71) within the opening in the trimming material layer 67, a third step of 

anisotropically etching any remaining portion of the insulating cap layer 71 and the material 

of the insulator layers 32 within the opening in the trimming material layer 67. In one 

embodiment, an anisotropic etch process employed in the second processing step can be 

selective to the material of the insulator layers 32, and the anisotropic etch employed in the 

third processing step can be selective to the material of the sacrificial material layers 42. 

[0114] Refening to FIGS. SA and SB, the set of processing steps is repeated performed 

until the bottommost sacrificial material layer 42 is patterned. Optionally, the dielectric cap 

layer 31 and the dielectiic pad layer 12 may be patterned with the same pattern as the 

bottommost sacrificial mate1ial layer 42. The trimming material layer 67 can be subsequently 

removed, for example, by ashing. 

[0115] A stepped surface region is formed in the capacitor region 400. As used herein, a 

"stepped surface region" refers to a region in which stepped surfaces are present. As used 

herein, "stepped surfaces" refer to a set of surfaces that include at least two horizontal 

surfaces and at least two vertical surfaces such that each horizontal surface is adjoined to a 

first vertical surface that extends upward from a first edge of the horizontal surface, and is 

adjoined to a second vertical surface that extends downward from a second edge of the 

horizontal surf ace. 

[0116] The cavity overlying the steppes surfaces is a stepped cavity. As used herein, a 

"stepped cavity" refers to a cavity having stepped surfaces. The stepped cavity 69 can 

straddle a remaining portion of the dielectric material portion 64 (not shown) and a remaining 

patterned portion of the alternating stack (32, 42). Within the stepped surface region, each 

underlying second material layer (such as a sacrificial material layer 42) laterally extends 
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farther than any overlying second material layer, and each underlying first material layer 

(such as an insulator layer 32) laterally extends farther than any overlying first material layer. 

A vertically adjoining pair of a first material layer (such as an insulator layer 32) and a 

second material layer (such as a sacrificial material layer 42) can have vertically coincident 

sidewalls. As used herein, a first surface and a second surface are vertically coincident with 

each other if there exists a vertical plane including both the first surf ace and the second 

surface. 

[0117] Refening to FIGS. 6A and 6B, a dielectric material portion (i.e., insulating fill 

material portion) can be formed in the stepped cavity 69 by deposition of a dielectric material 

such as silicon oxide. Excess portions of the deposited dielectric material can be removed 

from above the top surface of the insulating cap layer 71, for example, by chemical 

mechanical planarization (CMP). The remaining portion of the deposited dielectric material 

filling the stepped cavity 69 constitutes the dielectric material portion. 

[0118] The dielectric material portion is retro-stepped, and is herein referred to as a retro-

stepped dielectric material portion 65. As used herein, a "retro-stepped" element refers to an 

element that has stepped surf aces and a horizontal cross-sectional area that increases 

monotonically as a function of a vertical distance from a top surface of a substrate on which 

the element is present. The retro-stepped dielectric material portion 65 is formed over the 

stepped structure of the alternating stack (32, 42), and can have a planar top surface. If 

silicon oxide is employed for the retro-stepped dielectric material portion 65, the silicon 

oxide of the retro-stepped dielectric material portion 65 may, or may not, be doped with 

dopants such as B, P, and/or F. The horizontal cross-sectional area of the retro-stepped 

dielectric material portion 65 at a horizontal plane is not less than the horizontal cross­

sectional area of the retro-stepped dielectric material portion 65 at any horizontal plane that is 
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more proximal to the substrate (i.e., the semiconductor material layer 10). 

[0119] At least one dielectric pillar structure 7P may be optionally formed through the 

retro-stepped dielectric material portion 65 and/or through the alternating stack (32, 42). 

Further, dielectric support pillar structures 7Q may be formed in the contact region, which 

provide support for the insulator layers 32 in subsequent processing steps, and especially, 

during replacement of sacrificial material layers with conductive material layers. The at least 

one dielectric pillar structure 7P and the dielectric support pillar structures 7Q can be formed, 

for example, by forming openings extending through the retro-stepped dielectric material 

portion 65 and/or through the alternating stack (32, 42) and at least to the top surface of the 

substrate 10, and by filling the openings with a dielectric fill material that is resistant to the 

etch chemistry to be employed to remove the sacrificial material layers 42. In one 

embodiment, the at least one dielectric pillar structure can include silicon oxide and/or a 

dielectric metal oxide such as aluminum oxide. In one embodiment, the portion of the 

dielectric material that is deposited over the insulating cap layer 71 concurrently with 

deposition of the at least one dielectric pillar structure 7P and the dielectric support pillar 

structures 7Q can be present over insulating cap layer 71 as a dielectric material layer 73. 

The dielectric material layer 73 and the at least one dielectric pillar structure 7P and the 

dielectric support pillar structures 7Q can be formed as a single contiguous structure of 

integral construction, i.e., without any material interface therebetween. In another 

embodiment, the portion of the dielectric material that is deposited over insulating cap layer 

71 concurrent! y with deposition of the at least one dielectric pillar structure 7P and the 

dielectric support pillar structures 7Q can be removed, for example, by chemical mechanical 

planarization or a recess etch. In this case, the dielectric material layer 73 is not present, and 

the top surface of insulating cap layer 71 can be physically exposed. 
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[0120] In this embodiment, the shape of the at least one dielectric pillar structure 7P can 

be such that the at least one dielectric pillar structure 7P physically isolates a first portion of 

the alternating stack (32, 42) located within the memory device region I 00 from a second 

portion of the alternating stack (32, 42) located within the capacitor region 400. In one 

embodiment, a dielectric pillar structure 7P can be formed at a boundary between the 

memory device region 100 and the capacitor region 400. However, other pillar 7P shapes, 

such as cylindrical pillar shapes may be used as described below with respect to FIG. 14A of 

the alternative embodiment. The dielectric support pillar structures 7Q can be formed as an 

an-ay of discrete dielectric support pillar structures so as to provide mechanical support to the 

structures in the contact region during subsequent processing steps. 

[0121] FIGS. 7 A - 7D, a photoresist layer (not shown) can be applied over the 

alternating stack (32, 42) and the retro-stepped dielectric material portion 65 and the optional 

dielectric material layer 73, and lithographically patterned to form openings therein. The 

pattern of the openings includes an opening in the memory device region I 00 and a plurality 

of openings in the capacitor region 400. The pattern of the opening in the memory device 

region 100 is selected such that a lateral distance from the opening in the memory device 

region 100 to a group of memory stack structures 55 does not exceed a predefined distance, 

which is the distance of a lateral etch to be subsequently employed to form lateral recesses. 

The pattern of the openings in the capacitor region 400 is selected such that trenches to be 

subsequently formed within the area of the openings within the capacitor region 400 can 

divide the second portion of the alternating stack (32, 42) located within the capacitor region 

400 into a plurality of physically disjoined alternating stacks (32, 42). 

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

dielectric material layer 73, the optional insulating cap layer 71, the retro-stepped dielectric 

-30-

Micron Ex. 1002, p. 209 
Micron v. YMTC 
IPR2024-00790



WO 2016/205078 PCT/US2016/036771 

material portion 65, and the alternating stack (32, 42) that underlie the openings within the 

photoresist layer. A backside contact trench 79 is formed directly underneath the opening in 

the photoresist layer within the memory device region 100. A lateral separation trench 89 is 

formed directly underneath each opening in the photoresist layer within the capacitor region 

400. The backside contact trench 79 and the lateral separation trenches 89 can extend from 

the top surface of the dielectric material layer 73 ( or the material layer contacting the bottom 

surface of the photoresist layer in case a dielectric material layer 73 is not employed) at least 

to the top surface of the semiconductor material layer 10 in the substrate. The lateral 

separation trenches 89 divides the second portion of the alternating stack (32, 42) in the 

capacitor region 400 into a plurality of physically disjoined alternating stacks (32, 42) that are 

laterally spaced apart by the lateral separation trenches 89. 

[0123] Each of the backside contact trench 79 and the lateral separation trenches 89 can 

be a line trench, i.e., a trench having a uniform width and extending along a lengthwise 

direction. The sidewalls of the backside contact trench 79 and the lateral separation trenches 

89 may be vertical, or may be tapered. In one embodiment, the backside contact trench 79 

may have a first trench width tw 1, and the lateral separation trenches 89 may have a second 

trench width tw2 that is less than the first trench width twl. In one embodiment, the first 

trench width tw 1 can be in a range from 30 nm to 1,000 nm, and the second trench width w2 

can be in a range from 20 nm to 500 nm, although lesser and greater trench widths can be 

employed for each of the backside contact trench 79 and the lateral separation trenches 89. 

[0124] In one embodiment, a dielectric pillar structure 7P can extend along a first 

horizontal direction hdl, and the backside contact trench 79 can extend along the first 

horizontal direction hdl. The lateral separation trenches 89 can adjoin the dielectric pillar 

structure 7P such that a sidewall of each lateral separation trench 89 is a sidewall of the 
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dielectric pillar structure 7P. The lateral separation trenches 89 can extend along a horizontal 

direction that is different from the first horizontal direction hdl, which is herein referred to as 

a second horizontal direction hd2. In one embodiment, the second horizontal direction hd2 

can be perpendicular to the first horizontal direction hd 1. In one embodiment, the lateral 

separation trenches 89 can laterally extend along a lateral direction that is perpendicular to 

the stepped surfaces within the stepped surface region. As used herein, a lateral direction that 

is perpendicular to the stepped surf aces refers to the lateral direction that is perpendicular to 

vertical surfaces within the stepped surfaces. In other words, the second horizontal direction 

hd2 can be perpendicular to the vertical surfaces (i.e., the sidewalls of the insulator layers 32 

and the sacrificial material layers 42) of the stepped surfaces. 

[0125] Each lateral separation trench 89 extends through the stack of alternating layers 

(32, 42) as embodied in multiple physically disjoined portions. Sidewalls of patterned 

portions of the stack of alternating layers (32, 42) are physically exposed within each lateral 

separation trench 89. The photoresist layer can be removed, for example, by ashing. 

[0126] Referring to FIGS. SA - SC, an etchant that selectively etches the second material 

of the sacrificial material layers 42 with respect to the first material of the insulator layers 32 

can be introduced into the backside contact trench 79 and the lateral separation trenches 89, 

for example, employing an isotropic etch process. Backside recesses (43, 143) are formed in 

volumes from which the sacrificial material layers 42 are removed. The removal of the 

second material of the sacrificial material layers 42 can be selective to the first material of the 

insulator layers 32, the material of the at least one dielectric support pillar 7P, the material of 

the retro-stepped dielectric material portion 65, the semiconductor material of the 

semiconductor material layer 10, and the material of the outermost layer of the memory films 

50. In one embodiment, the sacrificial material layers 42 can include silicon nitride, and the 
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materials of the insulator layers 32, the at least one dielectric support pillar 7P, and the retro­

stepped dielectric material portion 65 can be selected from silicon oxide and dielectric metal 

oxides. In another embodiment, the sacrificial material layers 42 can include a 

semiconductor material such as polysilicon, and the materials of the insulator layers 32, the at 

least one dielectric support pillar 7P, and the retro-stepped dielectric material portion 65 can 

be selected from silicon oxide, silicon nitride, and dielectric metal oxides. In this case, the 

depth of the backside contact trench 79 can be modified so that the bottommost surface of the 

backside contact trench 79 is located within the dielectric pad layer 12, i.e., to avoid physical 

exposure of the top surface of the semiconductor substrate layer 10. 

[0127] The etch process that removes the second material selective to the first material 

and the outermost layer of the memory films 50 can be a wet etch process employing a wet 

etch solution, or can be a gas phase (dry) etch process in which the etchant is introduced in a 

vapor phase into the backside contact trench 79. For example, if the sacrificial material 

layers 42 include silicon nitride, the etch process can be a wet etch process in which the 

exemplary structure is immersed within a wet etch tank including phosphoric acid, which 

etches silicon nitride selective to silicon oxide, silicon, and various other materials employed 

in the art. The at least one dielectric support pillar 7P, the retro-stepped dielectric material 

portion 65, and the memory stack structures 55 provide structural support while the backside 

recesses (43, 143) are present within volumes previously occupied by the sacrificial material 

layers 42. 

[0128] Each backside recess (43, 143) can be a laterally-extending cavity having a lateral 

dimension that is greater than the vertical extent of the cavity. In other words, the lateral 

dimension of each backside recess (43, 143) can be greater than the height of the backside 

recess (43, 143). A plurality of backside recesses (43, 143) can be formed in the volumes 
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from which the second material of the sacrificial material layers 42 is removed. The plurality 

of backside recesses (43, 143) include first backside recesses 43 that are formed within the 

memory device region 100 by introduction of the etchant through the backside contact trench 

79, and second backside recesses that are formed within the capacitor region 400 by 

introduction of the etchant through the lateral separation trenches 89. 

[0129] Each of the plurality of first backside recesses (43, 143) can extend substantially 

parallel to the top surface of the substrate 10. A backside recess (43, 143) can be vertically 

bounded by a top surface of an underlying insulator layer 32 and a bottom surface of an 

overlying insulator layer 32. In one embodiment, each backside recess (43, 143) can have a 

uniform height throughout. 

[0130] The memory openings in which the memory stack structures 55 are formed are 

herein referred to as front side recesses or front side cavities in contrast with the first backside 

recesses 43. In one embodiment, the memory device region 100 comprises an array of 

monolithic three-dimensional NAND strings having a plurality of device levels disposed 

above the substrate 10. In this case, each first backside recess 43 can define a space for 

receiving a respective word line of the array of monolithic three-dimensional NAND strings. 

[0131] The second lateral recesses 143 can be formed at each level of the sacrificial 

material layers 42 in the capacitor region 400. Each second lateral recess 143 can be 

adjoined to at least one of the lateral separation trenches 89. At least one set of second lateral 

recesses 143 can be laterally adjoined to a neighboring pair of lateral separation trenches 89. 

Thus, a stacked cavity structure is formed between each neighboring pair of lateral separation 

trenches 89 such that a set of second backside recesses 143 is interlaced with a set of 

insulator layers 32. In one embodiment, the lateral separation trenches 89 can be formed with 

a periodicity p. The lateral distance between neighboring pairs of the lateral separation 
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trenches 89 can be uniform. In this case, the second backside recesses 143 within a stacked 

cavity structure (143, 32) between a neighboring pair of lateral separation trenches 89 can 

have the same lateral extent along the first horizontal direction hdl, and can have different 

lateral extents along the second horizontal direction hd2. 

[0132] Physically exposed surface portions of epitaxial channel portions 66 and the 

semiconductor material layer 10 can be converted into dielectric material portions by thermal 

conversion and/or plasma conversion of the semiconductor materials into dielectric materials. 

For example, thermal conversion and/or plasma conversion can be employed to convert a 

surface portion of each epitaxial channel portion 66 into a dielectlic spacer 116, and to 

convert a surface portion of the semiconductor matelial layer 10 underneath each backside 

contact trench 79 and trenches 89 into a saclificial dielectric pmtion 616. In one 

embodiment, each dielectric spacer 116 can be topologically homeomorphic to a torus, i.e., 

generally ring-shaped. As used herein, an element is topologically homeomorphic to a torus 

if the shape of the element can be continuously stretched without destroying a hole or 

forming a new hole into the shape of a torus. 

[0133] The dielectlic spacers 116 include a dielectric matelial that includes the same 

semiconductor element as the epitaxial channel portions 66 and additionally includes at least 

one non-metallic element such as oxygen and/or nitrogen such that the matelial of the 

dielectric spacers 116 is a dielectlic material. In one embodiment, the dielectlic spacers 116 

can include a dielectric oxide, a dielectlic nitride, or a dielectlic oxynitride of the 

semiconductor material of the epitaxial channel portions 66. Likewise, each sacrificial 

dielectlic portion 616 includes a dielectric material that includes the same semiconductor 

element as the semiconductor matelial layer 10 and additionally includes at least one non­

metallic element such as oxygen and/or nitrogen such that the material of the saclificial 
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dielectric portions 616 is a dielectric material. In one embodiment, the sacrificial dielectric 

portions 616 can include a dielectric oxide, a dielectric nitride, or a dielectric oxynitride of 

the semiconductor material of the semiconductor material layer 10. 

[0134] Referring to FIGS. 9A and 9B, a backside blocking dielectric layer (not shown) 

including a dielectric material (such as aluminum oxide) can be formed in the backside 

recesses (43, 143) by a conformal deposition. At least one conductive material can be 

deposited in the plurality of backside recesses (43, 143), on the sidewalls of the backside 

contact trench 79 and trenches 89, and over the topmost layer of the first exemplary structure. 

The conductive material can be deposited by a conformal deposition method, which can be, 

for example, chemical vapor deposition (CVD), atomic layer deposition (ALD), electroless 

plating, electroplating, or a combination thereof. The conductive material can be an 

elemental metal, an intermetallic alloy of at least two elemental metals, a conductive nitride 

of at least one elemental metal, a conductive metal oxide, a conductive doped semiconductor 

material, a conductive metal-semiconductor alloy such as a metal silicide, alloys thereof, and 

combinations or stacks thereof. Non-limiting exemplary conductive materials that can be 

deposited in the plurality of backside recesses (43, 143) include tungsten, tungsten nitride, 

titanium, titanium nitride, tantalum, and tantalum nitride. In one embodiment, the conductive 

material can comprise a metal such as tungsten and/or metal nitride. In one embodiment, the 

conductive material for filling the plurality of backside recesses (43, 143) can be a 

combination of titanium nitride and tungsten. In one embodiment, the conductive material 

can be deposited by chemical vapor deposition. The second material layers 42 are replaced 

with conductive material portions. 

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

of first backside recesses 43 in the memory device region. A plurality of second electrically 
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conductive layers 146 can be formed in the plurality of second backside recesses 143. A 

contiguous conductive material layer 46L can be formed on the sidewalls of the backside 

contact trench 79 and over the topmost layer of the first exemplary structure. Thus, each 

sacrificial material layer 42 can be replaced with a first elect1ically conductive layer 46 in the 

memory device region 100 and a second electrically conductive layer 146 in the capacitor 

region 400. A backside cavity 79' is present in the portion of each backside contact trench 79 

that is not filled with the contiguous conductive material layer 46L. A lateral separation 

cavity 89' is present in the portion of each lateral separation trench 89 that is not filled with 

the contiguous conductive material layer 46L. 

[0136] In one embodiment, the thickness of the deposited conductive material can be 

selected that the lateral separation trenches 89 and the backside contact trench 79 are not 

completely filled with the contiguous conductive material layer 46L. In this case, a cavity 

(79', 89') is present within each of the lateral separation trenches 89 and the backside contact 

trench 79 after deposition of the conductive material. The contiguous conductive material 

layer 46L, the first electrically conductive layers 46, and the second electrically conductive 

layers 146 are formed as a single contiguous structure. 

[0137] Referring to FIGS. lOA and lOB, the deposited conductive material of the 

contiguous conductive material layer 46L is etched back from the sidewalls of each backside 

contact trench 79, from the sidewalls of each lateral separation trench 89, and from the 

dielectric material layer 73, for example, by an isotropic etch. Each remaining portion of the 

deposited conductive material in the first backside recesses 43 constitutes a first electrically 

conductive layer 46. Each remaining portion of the deposited conductive material in the 

second backside recesses 143 constitutes a second electrically conductive layer 146. Each 

electrically conductive layer (46, 146) can be a conductive line structure. 
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[0138] Each first electrically conductive layer 46 can function as a combination of a 

plurality of control gate electrodes and a word line electrically connecting, i.e., electrically 

shorting, the plurality of control gate electrodes. The plurality of control gate electrodes 

within each first electrically conductive layer 46 can include control gate electrodes located at 

the same level for the vertical memory devices including the memory stack structures 55. In 

other words, each first electrically conductive layer 46 can be a word line that functions as a 

common control gate electrode for the plurality of vertical memory devices. 

[0139] A patterned stack comprising an alternating plurality of the first mate1ial layers 

(i.e., the insulator layers 32) and second electrically conductive layers 146 is formed in the 

capacitor region 400. The second electrically conductive layers 146 in the patterned stack 

(32, 146) are formed at each level of the second material layers (i.e., the sacrificial material 

layers 42). 

[0140] Referring to FIGS. 1 IA - 1 lB, a dielectric material can be conformally deposited 

within the backside contact trench 79 and the lateral separation trenches 89. The dielectric 

material can include, for example, silicon oxide, silicon nitride, a dielectric metal oxide, or a 

combination thereof. In one embodiment, the dielectric material can comprise silicon oxide. 

[0141] In one embodiment, the lateral separation trenches 89 can be completely filled 

with the dielectric material to form trench fill dielectric material portions 84, while the 

backside contact trench 79 is not completely filled with the dielectiic material. In other 

words, a backside cavity can be present within the portions of the deposited dielectric 

material within the backside contact trench 79. 

[0142] An anisotropic etch can be performed to remove horizontal portions of the 

deposited dielectric material from above the dielectric material layer 73. A contiguous 

remaining vertical portion of the deposited dielectric material within the backside contact 
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trench 79 constitutes an insulating spacer 74. The insulating spacer 74 comprises the same 

dielectric material as the form trench fill dielectric material portions 84. In one embodiment, 

the trench fill dielectric material portions 84 can have a same width throughout, and the 

insulating spacer 74 has a lateral thickness, as measured on the sidewalls of the backside 

contact trench 79, that is greater than one half of the width of the trench fill dielectric material 

portions 84. A remaining annular portion of the sacrificial dielectric portions 616 can be 

incorporated into a bottom portion of the insulating spacer 74. 

[0143] Electrical dopants (p-type dopants or n-type dopants) can be implanted into 

portions of the semiconductor material layer 10 that underlies the backside cavity within the 

backside contact trench 79. In one embodiment, the conductivity type of the implanted 

dopants can be the opposite of the conductivity type of the semiconductor material layer 10. 

The implanted portion of the semiconductor material layer 10 can function as a source region 

61 for the memory stack structures 55, and a surface portion of the semiconductor material 

layer 10 between the source region 61 and the epitaxial channel portions 66 can be a 

horizontal channel portion. In one embodiment, the semiconductor material layer 10 can 

have a doping of a first conductivity type, and the source region 61 can have a doping of a 

second conductivity type that is the opposite of the first conductivity type. 

[0144] The backside cavity surrounded by an insulating spacer 74 can be filled with a 

conductive material to form a backside contact via structure 76. The backside contact via 

structure 76 can be electrically shorted to a portion of the substrate (10, 61), which can be the 

source region 61. The backside contact via strcuture76 extends through, and is laterally 

surrounded by, the insulating spacer 74. 

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

(i.e., the insulator layers 32) and second electrically conductive layers 146 in the capacitor 
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region 400 is laterally contacted by dielectric material fill portions on all sides. Specifically, 

the patterned stack (32, 146) is laterally contacted by a set of dielectric fill material portions 

(7P, 84, 65) formed within trenches. In one embodiment, each trench laterally surrounding 

an alternating stack of insulator layers 32 and the second electrically conductive layers 146 

can be filled with a dielectric fill material. The trench including a dielectric pillar structure 

7P and contacting a sidewall of the alternating stack (32, 146) can be filled with a first 

dielectric fill material. Two lateral separation trenches 89 including the trench fill dielectric 

material portions 84 and contacting a pair of sidewalls of the alternating stack (32, 146) can 

be filled with a second dielectric material. The pair of sidewalls of the alternating stack (32, 

146) can be substantially parallel to each other. The retro-stepped cavity including the retro­

stepped dielectric material portion 65 and contacting stepped surfaces of the alternating stack 

(32, 146) includes another dielectric fill material. 

[0146] Referring to FIGS. 12A - 12D, a photoresist layer (not shown) is applied over the 

dielectric material layer 73, and is lithographically patterned to form openings in regions in 

which formation of additional contact via structures is desired. The pattern in the photoresist 

layer is transferred through the dielectric material layer 73, the insulating cap layer 71, and 

the retro-stepped dielectric material portion 65 to form various vertically-extending cavities. 

The anisotropic etch can be selective to the materials of the electrically conductive layers (46, 

146) and the drain region 63, and optionally to additional materials within the memory stack 

structures 55. A first subset of the vertically-extending cavities (not shown) can extend to 

stepped surfaces (not shown) of the first electrically conductive layers 46 adjacent to the 

memory device region 100. A second subset of the vertically-extending cavities 

(subsequently filled with capacitor contact via structures SC) can extend to stepped surfaces 

of the second electrically conductive layers 146 in the capacitor region 400. Another subset 
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of the vertically-extending cavities (subsequently filled with drain contact via structures 88) 

can extend to top surfaces of the drain regions 63. The photoresist layer can be removed, for 

example, by ashing. 

[0147] At least one conductive material is deposited in the vertically-extending cavities to 

fill each of the vertically-extending cavities. Excess portions of the at least one conductive 

material can be removed from above a horizontal plane including a top surface of the 

dielectric material layer 73, for example, by chemical mechanical planarization (CMP). Each 

remaining portion of the at least one conductive material constitutes a contact via structure 

(SC, 88), which include capacitor contact via structures SC formed in the capacitor region 

400, drain contact via structures 88 formed in the memory device region 100, and control 

gate contact via structures (not shown) that are formed in a stepped surface region (not 

shown) adjacent to the memory device region 100. 

[0148] A plurality of contact via structures (i.e., the capacitor contact via structures SC) is 

formed on the second electrically conductive layers 146 in the capacitor region 400. An 

additional plurality of contact via structures (i.e., the control gate contact via structures) is 

formed on the first electrically conductive layers 46 adjacent to the memory device region 

100, as will be described below with respect to FIG. 14X. 

[0149] In one embodiment, the capacitor contact via structures SC can be arranged to 

facilitate pairwise connection between upper second elect1ically conductive layers 146 (i.e., 

second electrically conductive layers 146 located within an upper half of the alternating stack 

(32, 146)) and lower second electrically conductive layers 146 (i.e., second electrically 

conductive layers 146 located within a lower half of the alternating stack (32, 146)) through 

line level interconnect structures to be subsequently formed over the dielectric material layer 

73. For example, capacitor contact via structures SC to be electrically shorted by overlying 
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interconnect line structures (such as metal line structures) can be formed along the second 

horizontal direction hd2, which is parallel to the lengthwise direction of the trench fill 

dielectric material portions 84. 

[0150] As shown in FIGS. 13A - 13E, a line level dielectric material layer 92 including a 

dielectric material can be formed over the top surface of the dielectric material layer 73. The 

dielectric material of the line level dielectric material layer 92 can be, for example, silicon 

oxide, silicon nitride, organosilicate glass, or a combination thereof. Interconnect line 

structures can be formed in the line level dielectric material layer 92, for example, by forming 

line trenches in the line level dielectric material layer 92 and filling the line trenches with at 

least one conductive material. Excess portions of the at least one conductive material can be 

removed from above the top surface of the line level dielectric material layer 92, for example, 

by chemical mechanical planarization. 

[0151] Node-tying metal lines (821, 822, 823, 831, 832, 833), source metal line 96, and 

bit lines 98 (only portions of the word lines are shown for clarity) can be formed in the line 

level dielectric material layer 92. The node-tying metal lines (821,822,823,831,832,833) 

tie, i.e., electrically short, the same node of capacitor structures. The node-tying metal lines 

(821,822,823,831,832, 833) can include first node-tying metal lines (821,822,823) that tie 

the first node of a respective capacitor, and second node-tying metal lines (831, 832, 833) that 

tie the second node of a respective capacitor. The source metal line 96 provides electrical 

connection to the backside contact via structure 76 and the source region 61. The bit lines 98 

provide electrical connection to the drain contact via structures 88 and the drain regions 63. 

[0152] The second electrically conductive layers 146 constitute capacitor electrodes (e.g., 

plates) of a set of capacitors. Each capacitor plate is a conductive component of the set of 

capacitors. A subset of the electrically insulating layers 32 within the capacitor region 400 
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constitutes node dielectrics of the set of capacitors. Each capacitor in the set comprises a first 

node that includes an underlying second electrically conductive layer (146Ul or 146U2) 

(which is one of the second electrically conductive layers 146) of a respective vertically 

neighboring pair and a respective contact via structure (8CU1 or 8CU2) that extends upward 

from the underlying second electrically conductive layer (146Ul or 146U2) and through the 

retro-stepped dielectric material portion 65. Each capacitor in the set further comprises a 

second node that includes an overlying second electrically conductive layer (14601 or 

14602) (which is one of the second electrically conductive layers 146) of the respective 

vertically neighboring pair and a respective contact via structure (8C01 or 8C02) that 

extends upward from the overlying electrically conductive layer (14601 or 14602) and 

through the retro-stepped dielectric material portion 65. 

[0153] In one embodiment, each capacitor within the set of capacitors can comprises two 

pairs of vertical! y neighboring electrically conductive layers (l 46U 1, 14601) and (l 46U2, 

14602) such that the first node of the capacitor includes an underlying electrically conductive 

layer 146Ul of a first vertically neighboring pair (146Ul, 14601) and an electrically 

conductive layer 146U2 of a second vertically neighboring pair (146U2, 14602); and the 

second node of the capacitor includes an overlying electrically conductive layer 14601 of the 

vertically neighboring pair (146Ul, 14601) and another electrically conductive layer 14602 

of the second vertically neighboring pair (146U2, 14602). 

[0154] In case the horizontal steps (i.e., the horizontal surface portions) of the stepped 

surfaces of the alternating stack (32, 146) has a unifonn width, upper vertically neighboring 

pairs of second electrically conductive layers 146 (located in the upper half of the alternating 

stack (32, 146)) and lower vertically neighboring pairs (located in the lower half of the 

alternating stack (32, 146)) of second electrically conductive layers 146 can be matches such 
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that each set of an upper vertically neighboring pair of second electrically conductive layers 

146 and a lower vertically neighboring pair of the second electrically conductive layers 146 

has a same total overlap area between neighboring pairs of second electrically conductive 

layers 146. If the insulator layers 32 have the same thickness throughout, the capacitance of 

each capacitor can be the same. If the alternating stack (32, 146) in the capacitor region 

includes a total of N second electrically conductive layers 146, the total number of capacitors 

including an upper vertically neighboring pair of second electrically conductive layers 146 

and a lower vertically neighboring pair of the second electrically conductive layers 146 can 

be a positive integer that does not exceed N/4. 

[0155] Alternatively, tying of the nodes of two pairs of vertically neighboring second 

electrically conductive layers 146 can be omitted. In this case, each capacitor can consist of a 

single vertically neighboring pair of second electrically conductive layers 146. 

[0156] The first exemplary structure can include a device comprising a set of capacitors. 

The set of capacitors can comprise: a stack of alternating layers (32, 146) including 

electrically insulating layers 32 and electiically conductive layers 146 and located over a 

substrate 10. Each electrically conductive layer 146 that is located within the stack (32, 146), 

and has at least one overlying electrically conductive layer 146 which laterally extends 

farther than any overlying electrically conductive layer 146. The set of capacitors includes a 

dielectric material portion 65 located over the stepped surface region of the stack (32, 146). 

An interface between the dielectric material portion 65 and the stack (32, 146) includes a 

contiguous set of horizontal surfaces and vertical surfaces to provide the stepped surface 

region. The device comprises a set of dielectric fill material portions (84, 7P) are located 

within trenches that vertically extend through the stack (32, 146) of alternating layers and 

laterally contacts sidewalls of the stack (32, 146) of alternating layers. The device comprises 
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a plurality of capacitor contact via structures SC in contact with respective electrically 

conductive layers 146 within the stack (32, 146) of alternating layers. The electrically 

conductive layers 146 constitute conductive components of a set of capacitors and a subset of 

the electrically insulating layers 32 constitutes node dielectrics of the set of capacitors. Only 

the electrically insulating layers 32 located between a first node and a second node of a 

capacitor constitutes the node dielectrics. Each capacitor in the set comprises: a first node 

that includes an underlying electrically conductive layer 146Ul (or alternatively 146U2) of a 

respective vertically neighboring pair and a respective capacitor contact via structure 8CU1 

(or alternatively 8CU2) that extends upward from the underlying electrically conductive layer 

146Ul and through the dielectric material portion 65; and a second node that includes an 

overlying electrically conductive layer 14601 (or alternatively 14602) of the respective 

vertically neighboring pair and a respective capacitor contact via structure 8C01 (or 

alternatively 8C02) that extends upward from the overlying electrically conductive layer 

14601 and through the dielectric material portion 65. 

[0157] In one embodiment, each of the trenches (i.e., the lateral separation trenches 89 

and optionally the trench in which the dielectric pillar structure 7P is present, or trenches 

89A, 89B described below with respect to FIGS. 14A-14X) can be entirely filled with a 

dielectric material of a respective dielectric fill material portion (84, and optionally 7P). In 

one embodiment, all sidewall surfaces of the electrically conductive layers 146 within the 

stack of alternating layers (32, 146) can be in contact with a surface selected from sidewall 

surfaces of the set of dielectric fill material portions (84, and optionally 7P) and sidewall 

surfaces of the dielectric material portion 65. 

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

146 within the stack (32, 146) of alternating layers and the set of dielectric fill material 
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portions (84, and optionally 7P) can be a contiguous interface, and can be vertical or tapered. 

In one embodiment, the contiguous interface can be substantially vertical throughout an 

entirety thereof. As used herein, a surface is substantially vertical if the surface is vertical or 

a taper angle of the surface with respect to a vertical direction does not exceed 3 degrees. In 

one embodiment, the interface between the electrically conductive layer 146 and the set of 

dielectric fill material portions (84, and optionally 7P) adjoins an interface between the 

electrically conductive layer 146 and the dielectric material portion 65 (which is located 

within a subset of the stepped surfaces in the stepped surface region). In one embodiment, 

the combination of the interface between the electrically conductive layer 146 and the set of 

dielectric fill material portions (84, and optionally 7P) and the interface between the 

electrically conductive layer 146 and the dielectric material portion 65 includes all sidewall 

surfaces of the electrically conductive layer 146. 

[0159] In one embodiment, the set of dielectric fill material portions (84, and optionally 

7P) can be a contiguous (i.e., physically adjoined) set of material portions and contact the 

dielectric material portion 65. In one embodiment, the dielectric material portion 65 can be a 

retro-stepped dielectric material portion in which a horizontal cross-sectional area of the 

dielectric material portion 65 at a horizontal plane is not less than a horizontal cross-sectional 

area of the dielectric material portion at any horizontal plane that is more proximal to the 

substrate 10. 

[0160] In one embodiment, each capacitor within the set of capacitors comprises two 

pairs of vertically neighboring electrically conductive layers (146Ul, 14601) and (146U2, 

14602). The first node of the capacitor includes an underlying electrically conductive layer 

146Ul of a first vertically neighboring pair (146Ul, 14601) and an electrically conductive 

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

vertically neighboring pair (146Ul, 14601) and another electrically conductive layer (146U2 

or 14602) of the second vertically neighboring pair (146U2, 14602). 

[0161] In one embodiment, the underlying electrically conductive layer 146Ul of the first 

vertically neighboring pair (146Ul, 14601) and the electrically conductive layer (146U2 or 

14602) of the second vertically neighboring pair (146U2, 14602) are electrically shorted 

through two contact via structures (for example, 8CU1 and 8CU2) and a first conductive line 

structure (for example, 833). The overlying electrically conductive layer 14601 of the first 

vertically neighboring pair (146Ul, 14601) and the other electrically conductive layer of the 

second vertically neighboring pair (146U2, 14602) are electrically shorted through two 

additional contact via structures (for example, 8C01 and 8C02) and a second conductive line 

structure (for example, 823). 

[0162] In one embodiment, the set of capacitors comprise at least a first capacitor and a 

second capacitor. In this case, the first capacitor can comprise a first upper pair of vertically 

neighboring electrically conductive layers (e.g., 146U2 and 14602) and a first lower pair of 

vertically neighboring electrically conductive layers (e.g., 146Ul and 14601). The second 

capacitor can comprise a second upper pair of vertically neighboring electrically conductive 

layers (located within an upper half of the alternating stack and at different levels than the 

first upper pair of vertically neighboring electrically conductive layers) and a second lower 

pair of vertically neighboring electrically conductive layers (located within a lower half of the 

alternating stack and at different levels than the first lower pair of vertically neighboring 

electrically conductive layers). In one embodiment, the second upper pair of vertically 

neighboring electrically conductive layers 146 overlies the first upper pair of vertically 

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

electrically conductive layers 146; and the first lower pair of vertically neighboring 

electrically conductive layers 146 overlies the second lower pair of vertically neighboring 

electrically conductive layers 146. 

[0163] In one embodiment, the capacitors can be configured to provide the same 

capacitance for each capacitor. Such a configuration can be obtained by forming pairs of 

vertically neighboring electrically conductive layers 146, and providing parallel connection 

for a pair of component capacitors. The first component capacitor is formed by a node 

dielectric employing an insulator layer 32 within the lower half of the alternating stack (32, 

146) and two neighboring electrically conductive layers 146. The second component 

capacitor is formed by a node dielectric employing an insulator layer within the upper half of 

the alternating stack (32, 146) and two neighboring electrically conductive layers 146. The 

two component capacitors are connected in parallel such that the total capacitance is the same 

as the target capacitance for the capacitor formed by the parallel connection of the two 

component capacitors. By selecting the pairs of component capacitors for parallel 

connection, multiple capacitors having the same total capacitance can be formed. 

[0164] In one embodiment, the thickness of the insulator layers 32 can be the same 

throughout, and the sum of an upper overlap area between the vertically neighboring 

electrically conductive layers (146U2, 14602) within the first upper pair (of a first capacitor) 

and a lower overlap area between the vertically neighboring electrically conductive layers 

(146Ul, 14602) within the first lower pair (of the first capacitor) can be substantially the 

same as the sum of an upper overlap area between the vertically neighboring electrically 

conductive layers within the second upper pair (of the second capacitor) and a lower overlap 

area between the vertically neighboring electrically conductive layers within the second 
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lower pair (of the second capacitor). In this case, the first capacitor and the second capacitor 

can have the same total capacitance. In one embodiment, each capacitor within the set of 

capacitors can have a substantially same total overlap area between vertically neighboring 

electrically conductive layers contained therein. 

[0165] In one embodiment, the device can further comprise a monolithic three-

dimensional memory device located on the substrate 10 and in the memory device region 

100. The monolithic three-dimensional memory device can comprise a memory opening 49 

extending through the stack (32, 46); a memory film 55 located within the memory opening 

49; and a semiconductor channel (601, 602 and optionally 66) located within the memory 

film 55. 

[0166] In one embodiment, the set of capacitors can be a component of a peripheral 

device of the monolithic three-dimensional memory device; the monolithic three-dimensional 

memory device can be a vertical NAND memory device; the electrically conductive layers 46 

comprise, or are electrically connected to, a respective word line of the vertical NAND 

memory device; and the substrate comprises a silicon substrate. In one embodiment, the 

vertical NAND memory device can comprise an array of monolithic three-dimensional 

N AND strings over the silicon substrate; at least one memory cell in the first device level of 

the three-dimensional array of NAND strings can be located over another memory cell in the 

second device level of the three-dimensional array ofNAND strings; and the silicon substrate 

can contain an integrated circuit comprising a driver circuit for the memory device located 

thereon. The three-dimensional array of NAND strings can comprise: a plurality of 

semiconductor channels (601, 602, and optionally 66, and portions of 10), wherein at least 

one end portion of each of the plurality of semiconductor channels extends substantially 

perpendicular to a top surface of the silicon substrate; a plurality of charge storage elements, 
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each charge storage element located adjacent to a respective one of the plurality of 

semiconductor channels; and a plurality of control gate electrodes having a strip shape 

extending substantially parallel to the top surface of the silicon substrate. The plurality of 

control gate electrodes comprise at least a first control gate electrode located in the first 

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

[0167] FIG. 14A illustrates a schematic top down view of a device of embodiments of the 

invention. As shown in FIG. 14A, the capacitor region 400 is located in the stepped surface 

region of the stack between the sense amplifiers 402 and other bit line peripheral devices 404 

(e.g., devices of the driver circuit, such as charge pump circuit devices, reference voltage and 

current circuit, and/pr power-on circuit, etc. ) and the memory device region 100 (also 

referred to as the cell array) in direction hd2 (i.e., the bit line direction). The capacitor 

region 400 is also referred to as a dummy staircase region because it includes the stepped 

surface without word line contact vias (i.e., control gate interconnects). The dummy staircase 

region is formed at the same time during the same etching steps as the word line stepped 

surface regions 300 (labeled WLHU staircase) in which the word line contact vias (i.e., 

control gate interconnects) will be formed during a subsequent step. In other words, the 

stepped surface regions are formed on plural (e.g., all) sides of the elevated memory device 

region. For a rectangular memory device region 100, the word line stepped surface regions 

300 are formed on two opposing sides of the memory device region 100 such that word lines 

will eventually extend in the word line direction hdl between opposing regions 300. The 

word line and select gate switching transistors are located in row decoder regions 302 

(labeled WUSG SW) adjacent to regions 300 in direction hdl. 

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

staircase regions. The capacitors are formed in the dummy staircase capacitor region 400 
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located adjacent to the sense amplifier region 402. Thus, the size of the sense amplifier 

region 402 may be reduced by over 10%, such as about 20% by omitting the capacitors from 

region 402 and instead forming the capacitors in region 400 which is an unused dummy 

region in prior art devices. 

[0169] The memory device region 100 contains the memory stack structures 55 and the 

support pillars (e.g., dielectric pillar structures) 7P, similar to that shown in FIG. 5A. 

However, in the embodiment of FIG. 14A, the support pillars 7P comprise cylindrical pillars 

instead of or in addition to the elongated dielectric pillar structures 7P shown in FIG. 6B. It 

should be understood that only a few of the memory stack structures 55 and the support 

pillars 7P are shown for clarity. If desired, the dielect1ic support pillar structures 7Q (not 

shown for clarity) as described and illustrated above may also be present in the device of the 

embodiment of Fig. 14A. 

[0170] The periphery of the device (e.g., the periphery of the substrate, such as portion of 

a semiconductor wafer or a diced chip) contains a dummy staircase track 406 and a kerf 

region 501 (e.g., having half width of the original dicing region if the substrate is diced into 

chips). The dummy staircase track 406 surrounds the device and contains a stepped surface 

region which is a mirror image of the stepped surface region of the dummy staircases 400. 

The track 406 is formed during the same patterning (e.g., etching) steps as the other stepped 

regions 300 and 400 in the device. 

[0171] FIGS. 14B-14D illustrate an exemplary structure according to an alternative of the 

first embodiment. The structure is similar to the structure shown in FIGS. 6A-6B, except that 

the support pillars 7P comprise cylindrical pillars (shown in FIG. 14A) located in region 100. 

The structure of FIGS. 14B-14D contains the alternating stack (32, 42), the dielectric material 

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

[0172] FIGS. 14E-14G illustrate the next step in the process in which the lateral 

separation trenches 89A, 89B are formed in the stack (32, 42) at the same time as the 

backside contact trenches 79, similar to that shown in FIGS. 7 A-7D (the backside contact 

trenches are not shown in FIGS 14E-14G for compactness). As shown in FIG. 14E, the 

lateral separation trenches include first trenches 89A which extends in the bit line direction 

hd2, similar to trenches 89 shown in FIG. 7B. However, in this embodiment, the lateral 

separation trenches also include at least one second trench 89B which extend in the word line 

direction hdl, similar to the pillar 7P shown in FIG. 7B. The second trench 89B connects 

the end portions of the first trenches 89A near the end of the capacitor region 400 closest to 

the memory device region 100 and farthest from the stepped surface in region 400. 

[0173] As shown in FIGS. 14H-14J, portions of sacrificial material layers 42 are 

selectively removed from the alternating stack in regions 100, 300 and 400 through the 

trenches 89A, 89B and the backside contact trenches 79, similar to that shown in FIGS. 8A-

8C. However, unlike the prior embodiment shown in FIGS. 8A-8C, portions 42A of the 

sacrificial material layers 42 remain in the alternating stack near the end of the capacitor 

region 400 closest to the memory device region 100 and farthest from the stepped surface in 

region 400. Thus, each backside recess 143 abuts a portion 42A of the sacrificial material 

layers 42. These portions 42A (instead of the elongated pillar 7P in the prior embodiment) 

electrically insulate region 400 from region 100. 

[0174] A plurality of first electrically conductive layers 46 (e.g., word lines/ control 

gates which extend in the word line direction hdl) can be formed in the plurality of first 

backside recesses 43 in the memory device region 100 and in region 300, as described above 

with respect to FIGS. 9A-9B. As shown in FIGS. 14K-14M, a plurality of second electrically 
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conductive layers 146 can be formed in the plurality of second backside recesses 143 at the 

same time as layers 46. A contiguous conductive material layer 46L can be formed on the 

sidewalls of the trenches 89A, 89B, the backside contact trenches 79 (as described above) and 

over the topmost layer of the structure. The layer 46L partially fills the trenches 89A, 89B to 

leave remaining trenches 89'. 

[0175] Referring to FIGS. 14N-14P, the deposited conductive material of the contiguous 

conductive material layer 46L is etched back from the sidewalls of each backside contact 

trench 79, from the sidewalls of each lateral separation trenches 89', and from the dielectric 

material layer 73, similar to that described above with respect to FIGS. lOA-lOB. This 

leaves electrically conductive layers 146 which function as capacitor electrodes in region 400 

separated from each other by trenches 89A and 89B. The electiically conductive layers 146 

between trench 89B in region 400 and region 100 are separated from electrically conductive 

layers 46 in region 100 by the remaining portions 42A (e.g., silicon nitride or other insulating 

material layer portions) of layers 42. 

[0176] Referring to FIGS. 14Q-14S, the lateral separation trenches 89A, 89B can be 

completely filled with the dielectric material to form trench fill dielectric material portions 

84, while the backside contact trenches 79 are not completely filled with the dielectric 

material, as described above with respect to FIGS. 1 lA-1 lB. The insulating spacer 74 can be 

formed in the backside contact trenches and filled with a conductive material to form a 

backside contact via structure 76 which extends in the word line direction hdl, as shown in 

FIG. 14X and as described above with respect to FIGS. l lA-1 lB. 

[0177] As described above with respect to FIGS. 12A-12D, first subset of the vertically-

extending cavities can extend to stepped surfaces of the first electrically conductive layers 46 

in region 300 adjacent to the memory device region 100. A second subset of the vertically-
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extending cavities (subsequently filled with capacitor contact via structures 8C) can extend to 

stepped surfaces of the second electrically conductive layers 146 in the capacitor region 400. 

Another subset of the vertically-extending cavities (subsequently filled with drain contact via 

structures 88) can extend to top surfaces of the drain regions 63. 

[0178] Referring to FIGS. 14T-14X, at least one conductive material is deposited in the 

vertically-extending cavities to fill each of the vertically-extending cavities with capacitor 

contact via structures 8C formed in the capacitor region 400, drain contact via structures 88 

formed in the memory device region 100, and control gate contact via structures 304 that are 

formed in a stepped surface region 300 adjacent to the memory device region 100. 

[0179] The portions 146A of the electrically conductive layers 146 that are electrically 

insulated from layers 46 by the trench fill dielectric material portions 84 and which are 

contacted by via structures 8C comprise capacitor electrodes. The portions 32A of the 

electrically insulating layers 32 in region 400 located between the capacitor electrodes 146A 

comprise capacitor dielectrics. 

[0180] As shown in FIGS. 14U and 14W, a resulting capacitor 410 includes adjacent 

electrode plates 146A separated by an insulating layer 32A, and respective electrical contacts 

(e.g., capacitor contact via structures 8C) to the electrode plates 146A. 

[0181] Thus, as shown in FIG. 14X, in the first embodiment and in the alternative 

embodiment described above, a three dimensional memory device (e.g., such as the NAND 

device) includes the memory device region 100 containing a plurality of non-volatile memory 

devices (e.g., the NAND strings), a peripheral device region 402/404 containing active driver 

circuit devices (e.g., transistors), and first stepped surface region 400 located between the 

peripheral device region 402/404 and the memory device region 100, and containing a 

plurality of passive driver circuit devices, such as capacitors 410 or resistors as will be 
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described with respect to additional embodiments below. In should be noted that the 

peripheral device region 402/404, the dummy staircase track 406 and the kerf region 501 may 

also contain additional passive devices (e.g., capacitors or resistors) or it may contain no 

passive devices. Thus, the capacitors 410 may be located in dummy staircase track 406 if 

desired. Likewise, region 400 may also contain additional active devices (e.g., transistors) or 

it may contain no active devices. 

[0182] As described above, the stack of alternating layers including electrically insulating 

layers 32 and electrically conductive layers (46, 146) located over the substrate 10. The first 

stepped surface region 400 contains first portions of the electrically insulating layers 32 and 

first portions of the electrically conductive layers 146, and the first stepped region 400 is 

located on a first side of the stack facing the peripheral region. The second stepped surface 

region 300 contains second portions of the electrically insulating layers 32 and second 

portions of the electrically conductive layers 46 located on a second side of the stack ( e.g. at a 

side perpendicular to the first side). 

[0183] As described above, a plurality of semiconductor channels 60 are located in the 

memory device region 100 in the stack, such that at least one end portion of each of the 

plurality of semiconductor channels extends substantially perpendicular to a top surface of 

the substrate 10. A plurality of charge storage elements (i.e., portions of the memory films 

50) are located adjacent to a respective one of the plurality of semiconductor channels 60. A 

plurality of passive device contact via structures (e.g., capacitor via structures 8C) extend 

extending substantially perpendicular to the top surface 7 of the substrate 10 to the respective 

first portions of the electrically conductive layers 146 in the first stepped surface region 400. 

A plurality of control gate contact via structures 304 extend substantially perpendicular to the 

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

[0184] The peripheral device region contains sense amplifiers in region 402. The second 

stepped surface region 300 comprises a word line stepped surface region 300. The second 

portions of the electrically conductive layers 46 comprise a plurality of control gate 

electrodes extending substantially parallel to the top surface of the substrate, and the plurality 

of control gate electrodes comprise at least a first control gate electrode located in the first 

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

[0185] In the above embodiments, the passive driver circuit devices comprise capacitors 

410, and the first portions 146A of the electrically conductive layers 146 comprise a plurality 

of capacitor electrodes. The first portions of the electrically insulating layers 32 in region 

400 comprise capacitor dielectrics located between the capacitor electrodes 146A. The 

respective first 146A and second 46 portions of each of the electrically conductive layer are 

located at the same level above the substrate and are electrically insulated from each other 

(e.g., by material 84 and/or optionally by pillar 7P). 

[0186] As shown in FIG. 14Y, N/2 capacitors 410 may be formed from N layers 146 in 

the stack, where N is any integer greater than 1. However, as described above with respect to 

FIGS. 13A-13D, layers 146 at the top of the stack are shorter than layers 146 at the bottom of 

the stack. This causes the capacitors to be of unequal size. 

[0187] FIG. 14Z illustrates a capacitor interconnection configuration similar to that of 

FIGS. 13A-13D, where the longest layer 146 is electrically connected by interconnect (e.g., 

metal line) 833 to the second shortest layer 146 in the stack to form one capacitor electrode. 

The next longest layer 146 in the stack is electrically connected by interconnect (e.g., metal 

line 823) to the shortest layer 146 in the stack to form another capacitor electrode. The 

remaining layers 146 in the stack may be connected in a similar way. This results in a 
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capacitor 410A having two overlying layers 146 of different length connected to each other to 

form an overlying electrode and two underlying layers 146 of different length connected to 

each other to form an underlying electrode, where the average electrode length of all 

capacitors in the stack is about the same. This results in N/4 capacitors in a stack containing 

N layers 146. 

[0188] In a second exemplary structure according to a second embodiment of the present 

disclosure the passive device of the driver circuit comprises a pillar shaped resistor. 

Referring to FIG. 15A, a substrate includes a semiconductor material layer 10 having a major 

surface 7. A doped semiconductor well 110 can be formed in a device region, which is 

herein referred to as a resistor region 500. The resistor region 500 may be located in a 

portion of the memory device region 100, as shown in FIG. 3 7. A memory device region 100 

and a capacitor region 400 can be provided for formation of the devices illustrated in the first 

embodiment. The semiconductor material layer 10 can have a doping of a first conductivity 

type (which can be p-type or n-type), and the doped semiconductor well 110 can have a 

doping of a second conductivity type which is the opposite of the first conductivity type. In 

one embodiment, the concentration of electrical dopants (which can be p-type dopants or n­

type dopants) in the doped semiconductor well 110 can be in a range from 1.0 x 1017/cm3 to 

2.0 x 1021/cm3
, although lesser and greater dopant concentrations can also be employed. In 

one embodiment, the doped semiconductor well 110 can include a conductive (e.g., 

degenerately doped semiconductor or metallic) material rather than a semiconductor material, 

i.e., a material having electrical conductivity greater than 1.0 x 105 Siem. The doped 

semiconductor well 110 is a laterally-extending semiconductor or conductive structure, and 

can consist of at least one single crystalline semiconductor material portion having a doping 

of the second conductivity type (e.g., n-type well) and located in the substrate 10 (e.g., p-type 
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substrate or substrate well). Optionally, a doped contact region 112 can be formed, which has 

a doping of the same conductivity type (e.g., n-type) as the doped semiconductor well 110 

and has a greater dopant concentration than the doped semiconductor well 110 (e.g., N+ 

well). Optionally, shallow trench isolation structures 120 including at least one dielectric 

material can be fanned at a periphery of the doped semiconductor well 110 for device 

isolation. 

[0189] Referring to FIG. 15B, the processing steps of FIG. 1 are performed to form a 

stack (32, 42) of alternating layers including the first material layers 32 and the second 

material layers 42. 

[0190] Referring to FIG. 16, memory openings 49 are formed in the memory device 

region 100 and at least one resistor opening 249 can be formed in the resistor region 500. 

The memory openings 49 and the at least one resistor opening 249 can be formed 

simultaneously employing the same processing steps employed to form the memory openings 

of the first embodiment. The size of each resistor opening 249 may be the same as, or may 

be different from, the size of the memory openings 49. If a plurality of resistor openings 249 

is formed, the resistor openings 249 can have the same size, or can have different size. The 

size of the resistor openings 249 can be adjusted depending on the target resistance of a 

resistor to be subsequently formed. In one embodiment, the resistance of a resistor to be 

formed in a resistor opening 249 is generally inversely proportional to the diameter (or a 

lateral dimension if a non-circular cross-sectional shape is employed) of the resistor opening 

249. The bottom of each resistor opening 249 can extend to a top surface of the doped 

semiconductor well 110. 

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

horizontal plane including a top surface of the alternating stack (32, 42) to the laterally-
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extending semiconductor or conductive structure of the combination of the doped 

semiconductor well 110 and the doped contact region 112. A physically exposed portion of 

the top surface of the laterally-extending semiconductor or conductive structure (i.e., the 

doped semiconductor well 110) is present within a second horizontal plane located 

underneath, and vertically spaced by a plurality of layers within the alternating stack (32, 42) 

from, the top surface of the alternating stack (32, 42). The second horizontal plane is the 

plane including the bottom surface of each resistor opening 249, which is the recessed, or 

non-recessed, top surface of the doped semiconductor well 110. 

[0192] Referring to FIG. 17, the processing steps of FIG. 2 of the first embodiment can 

be performed to form memory stack structures 55 and at least one pillar structure 155 

simultaneously. The memory stack structures 55 are formed in the memory openings 49 in 

the memory device region 100, and a pillar structure 155 is formed in each resistor opening 

249 in the resistor region 500. Each pillar structure 155 can have the same set of components 

as a memory stack structure 55 and which are formed during the same formation (e.g., 

deposition) steps. Each component within a pillar structure 155 can have the same 

composition as the corresponding component (having the same reference numeral) within a 

memory stack structure 155. Each component within a pillar structure 155 can have the same 

height as the corresponding component within a memory stack structure 155. Except for an 

epitaxial channel portion 66 and a dielectric core 62, each component within a pillar structure 

155 can have the same lateral dimension (such as a lateral thickness) as the corresponding 

component within a memory stack structure 155. If a horizontal cross-sectional shape of a 

pillar structure 155 is different from a horizontal cross-sectional shape of a memory stack 

structure 55 taken at a same vertical distance from the top surface of the substrate (10, 110, 

112, 12), the epitaxial channel portion 155 and the dielectric core 62 within the pillar 
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structure 155 can have different dimensions than the con-esponding dimensions of a memory 

stack structure 55. If a horizontal cross-sectional shape of a pillar structure 155 is the same a 

horizontal cross-sectional shape of a memory stack structure 55 taken at a same vertical 

distance from the top surface of the substrate (10, 110, 112, 12), the epitaxial channel portion 

66 and the dielectric core 62 within the pillar structure 155 can have the same dimensions as 

the epitaxial channel portion 66 and the dielectric core 62 within the memory stack structure 

55. 

[0193] A pillar structure 155 is formed within each resistor opening 249. A 

semiconductor channel (601, 602) is formed on each optional epitaxial channel portion 66, 

which is a single crystalline semiconductor material portion and is intrinsic or has a doping of 

the first conductivity type. The single crystalline semiconductor material portion in the 

resistor opening 249 (as embodied as an epitaxial channel portion 66 in the resistor opening 

249) is formed simultaneously with formation of the epitaxial channel portions 66 in the 

memory openings 49. The first conductivity type is the conductivity type of the 

semiconductor material layer 10, and is the opposite of the conductivity type of the doped 

semiconductor well 110 (which has a doping of the second conductivity type). The memory 

films 50 in the memory stack structures 55 and the at least one pillar structure 155 can be a 

layer stack of dielectric material layers as described above, i.e., a stack of a blocking 

dielectric layer, a memory material layer, and a tunneling dielectric layer. 

[0194] Each semiconductor channel (610,602) in the memory openings 49 and the at 

least one resistor opening 249 can be formed by deposition of an intrinsic semiconductor 

material or a semiconductor material of the first conductivity type. The semiconductor 

channels (601, 602) can include a polycrystalline semiconductor material or an amorphous 

semiconductor material. A vertically-extending semiconductor material portion in each 
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resistor opening 249 (as embodied in a semiconductor channel (601, 602) in the resistor 

opening 249) is formed simultaneously with formation of the semiconductor channels (601, 

602) in the memory openings 49. 

[0195] Each drain region 63 formed in the at least one resistor opening 249 is a doped 

semiconductor material portion, and is formed with a doping of the second conductivity type. 

The drain regions 63 of the memory stack structures 55 and each drain region 63 of the pillar 

structure 155 can be formed simultaneously. 

[0196] Referring to FIG. 18, a photoresist layer 67 is applied over the second exemplary 

structure, and is lithographically patterned to form openings in the resistor region 500. 

Specifically, an opening in the photoresist layer 67 is formed in an area including the at least 

one pillar structure 155 by patterning the photoresist layer 67. In one embodiment, the 

thickness of the photoresist layer 67 can be selected such that electrical dopants to be 

subsequently implanted into the at least one pillar structure 155 can be implanted to the 

bottommost portion of the at least one pillar structure 155, while the electrical dopants are not 

implanted into any portion of the memory stack structures 55 in the memory device region 

100. In one embodiment, the thickness of the photoresist layer 67 can be greater than the 

thickness of the alternating stack (32, 42). 

[0197] Electrical dopants of the second conductivity type (e.g., n-type) can be implanted 

into the vertically-extending semiconductor material portion (embodied as a semiconductor 

channel (601, 602)) in each pillar structure 155, while implantation of the electrical dopants 

of the second conductivity type into the semiconductor channels (601, 602) of the memory 

stack structures 55 is prevented by the presence of the patterned photoresist layer 67. All 

semiconductor material portions in the pillar structure 155 can be doped with the implanted 

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

pillar structure 15 5. 

[0198] The implantation of the electrical dopants of the second conductivity type 

converts each epitaxial semiconductor channel 66 (which is intrinsic or has a doping of the 

first conductivity type as formed) in the at least one pillar structure 155 into a epitaxial doped 

semiconductor portion 166 having a doping of the second conductivity type. Further, the 

implantation of the electrical dopants of the second conductivity type converts each 

semiconductor channel (601, 601) in the at least one resistor opening 249 into a vertically­

extending doped semiconductor portion, which is herein referred to as a first doped 

semiconductor portion 160. Each epitaxial doped semiconductor portion 166 and each first 

doped semiconductor portion 160 are doped semiconductor material portions, and are formed 

by ion implantation of electrical dopants of the second conductivity type such that an atomic 

concentration of the dopants of the second conductivity type in a range from 1.0 x 10 17 /cm3 

to 1.0 x 10 20/cm3 therein. In one embodiment, all semiconductor material within each pillar 

structure 155 can have a doping of a same conductivity type, which is the second 

conductivity type. 

[0199] An epitaxial doped semiconductor portion 166 is located at a bottom portion of 

each vertically-extending cavity (i.e., a resistor opening 249), and comprises the same 

semiconductor material as the epitaxial channel portions 66 of the memory stack structures 

55. In one embodiment, each first doped semiconductor portion 160 can comprise a doped 

polycrystalline semiconductor material portion that is formed directly on inner surfaces of at 

least one electrically insulating material (i.e., the dielectric material of the memory film 50) 

within a respective resistor opening 249. Each drain region 63 within the at least one pillar 

structure 155 is herein referred to as a second doped semiconductor portion 163. 
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[01100] Referring to FIG. 19, the patterned photoresist layer 67 can be removed, for 

example, by ashing. A dielectric cap layer 71 can be formed employing the same method as 

in the first embodiment (as illustrated in FIG. 2). 

[0200] Referring to FIG. 20, the processing steps of FIGS. 3, 4, 5A and 5B, 6A and 6B, 

and 7 A - 7C can be performed. Concurrently with formation of the backside contact trench 

79 and optional formation of the lateral separation trenches 89 (See FIGS. 7B and 7C), a 

resistor contact trench 279 can be formed in an area overlying the doped contact region 112. 

The lateral separation trenches 89 may be omitted if the capacitor structures of the first 

embodiment are not to be formed. 

[0201] The processing steps of FIGS. SA - SC, 9A and 9B, and lOA and lOB can be 

subsequently performed to form first electrically conductive layers 46 in the memory device 

region 100, second electrically conductive layers 146 in the capacitor region 400, and third 

electrically conductive layers 246 in the resistor region 500. During the processing steps of 

FIGS. SA - SC, portions of the sacrificial material layers 42 in the resistor region 500 can be 

removed by introduction of the etchant through the resistor contact trench 279 to form third 

backside recesses in each space from which the sacrificial material layers 42 are removed 

from the resistor region 500. The third electrically conductive layers 246 are formed in the 

third backside recesses by deposition of the same material as the first and second electrically 

conductive layers (46, 146) in the same processing step. The contiguous conductive material 

layer 46L can be deposited on the sidewalls of the resistor contact trench 279, and is 

subsequently removed from the sidewalls of the resistor contact trench 279 during the 

processing steps of FIGS. lOA and lOB. 

[0202] Refening to FIG. 21, the processing steps of FIGS. llA and llB can be 

performed to form an insulating spacer 274 in each resistor contact trench 279 concurrently 
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with formation of the insulating spacer 7 4 in the backside contact trench 79. The insulating 

spacer 274 in the resistor region 500 can have the same composition as, and the same lateral 

thickness as, the insulating spacer 74 in the memory device region 100. A substrate contact 

via structure 276 can be formed in the cavity extending through the insulating spacer 274 in 

the resistor region 500. The substrate contact via structure 276 in the resistor region 500 can 

be formed concurrently with formation of the backside contact via structure 76 in the memory 

device region 100. The substrate contact via structure 276 is a contact via structure that 

contacts a top surface of a laterally-extending semiconductor or conductive structure (which 

is a combination of the doped semiconductor well 110 and the doped contact region 112). In 

one embodiment, the backside contact via structure 76 and the substrate contact via structure 

276 can be formed by deposition of a metallic material. 

[0203] Referring to FIG. 22, the processing steps of FIGS. 12A- 12D can be sequentially 

performed to form various contact via structures (SC, 88), which can include the capacitor 

contact via structures SC, the control gate contact via structures 304, and the drain contact via 

structures 88. A pillar contact via structure 850 can be formed on a top surface of each pillar 

structure 155 concurrently with formation of other via contact structures such as the drain 

contact via structures 88. In one embodiment, as many pillar contact via structures 850 can 

be formed as the number of pillar structures 155. The pillar structures 850 can be formed in 

the same processing step as, and can have the same composition as, the drain contact vial 

structures 88. Optionally, the pillar contact via structures 850, the capacitor contact via 

structures SC, the control gate contact via structures 304, and the drain contact via structures 

88 can be formed employing a same set of processing steps, and can comprise a same set of 

conductive materials. 
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[0204] Subsequently, the processing steps of FIGS. 13A - 13E can be performed to fonn 

a line level dielectric material layer 92 and various interconnect line structures therein. The 

interconnect line structures formed in the line level dielectric material layer 92 can include, 

for example, node-tying metal lines (821, 822, 823, 831, 832, 833), source metal line 96, and 

bit lines 98 as illustrated in FIGS. 13A - 13E, and additionally include a first resistor node 

metal line 851 contacting the pillar contact structures 850 and a second resistor node metal 

liner 852 contacting the substrate contact via structure 276. 

[0205] The second exemplary structure can comprise a semiconductor device. The 

semiconductor device can comprise an alternating stack (32, 246) of first material layers 32 

and second material layers 246 located over a substrate (10, 110, 112, 120). The 

semiconductor device can further comprise at least one pillar structure 155 extending from a 

first horizontal plane including a top surface of the alternating stack (32, 246) to a second 

horizontal plane located underneath, and vertically spaced by a plurality of layers (such as the 

first material layers 32 and the second material layers 246) within the alternating stack (32, 

246) from, the top surface of the alternating stack (32, 246). The semiconductor device 

further comprises a laterally-extending semiconductor or conductive structure (110, 112) 

contacting a bottom surface of the at least one pillar structure 155; and a contact via structure 

276 contacting a top surface of the laterally-extending semiconductor or conductive structure 

(110, 112) and laterally spaced from the at least one pillar structure 155. Each of the at least 

one pillar structure 155 comprises a set of at least one doped semiconductor material portion 

(160, 166, 63) therein. All semiconductor material within each of the at least one pillar 

structure 155 has a doping of a same conductivity type, which can be the second conductivity 

type. The contact via structure (as embodied in the substrate contact via structure 276) can 

comp1ise a metallic via structure. 

-65-

Micron Ex. 1002, p. 244 
Micron v. YMTC 
IPR2024-00790



WO 2016/205078 PCT/US2016/036771 

[0206] In one embodiment, the at least one doped semiconductor material portion ( 160, 

166, 63) comprises a doped polycrystalline semiconductor material portion 160 contacting 

inner surfaces of at least one electrically insulating material, which can be a memory film 50. 

[0207] The semiconductor device can further include a memory opening extending 

between the first horizontal plane and another horizontal plane including a bottom surface of 

the alternating stack (32, 46), and a memory stack structure 55 that comprises a memory film 

50 located within the memory opening, and a semiconductor channel (601, 602) located 

within the memory film 50. Each of the at least one pillar structure 155 comprises a layer 

stack of at least two dielectric material layers (i.e., a memory film 50) located on an outer 

sidewall of a respective set of at least one doped semiconductor material portion (160, 166, 

63). The memory film 50 in a memory stack structure 55 and the layer stack 50 of at least 

two dielectric material layers in the pillar structure 155 comprise an identical set of dielectric 

materials. 

[0208] A first doped semiconductor material portion (as embodied in a doped 

polycrystalline semiconductor material portion 160) within each set of at least one doped 

semiconductor material portion (160, 166, 63) comprises the same semiconductor material as 

the semiconductor channel (601, 602), and further includes electrical dopants of the second 

conductivity type. 

[0209] In one embodiment, the semiconductor channel (601, 602) can be intiinsic, or can 

have a doping of an opposite conductivity type from the set of at least one doped 

semiconductor material portion (160, 166, 63), which has a doping of the second conductivity 

type. 

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

region 63 having a doping of the second conductivity type. A second doped semiconductor 
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material portion, as embodied as a drain region 63, can be present within each set of at least 

one doped semiconductor material portion (160, 166, 63). The second doped semiconductor 

material portion 63 in each pillar structure 155 can comprise the same semiconductor 

material as the drain region 63 in the memory stack structure 55. 

[0211] In one embodiment, the memory stack structure 55 further comprises an epitaxial 

channel portion 66 having a doping of the first conductivity type, and an epitaxial doped 

semiconductor portion 166 can be present within each set of at least one doped 

semiconductor material portion (160, 166, 63). The epitaxial doped semiconductor pmiion 

166 comprises the same semiconductor material as the epitaxial channel portion 66, and 

further includes electrical dopants of the second conductivity type. 

[0212] In one embodiment, the laterally-extending semiconductor or conductive structure 

(110, 112) consists of at least one single crystalline semiconductor material portion located in 

the substrate. In one embodiment, the laterally-extending semiconductor or conductive 

structure (110, 112) can consist of the doped semiconductor well 110 and the doped contact 

region 112, which have a doping of the second conductivity type. 

[0213] In one embodiment, the first material layers 32 can be electrically insulating 

layers 32, and the second material layers (246, 46) can be electrically conductive layers. In 

one embodiment, the first material layers 32 comprise a first electrically insulating material, 

the second mate1ial layers (246, 46) comprise a second electrically insulating material, and 

the memory stack structure 55 extends through another alternating stack (32, 46) of the first 

material layers 32 and electrically conductive layers 46 located at each level of the second 

material layers (246, 46). In one embodiment, the set of at least one doped semiconductor 

material portion (160, 166, 163) comprises electrical dopants of the second conductivity type 

at an atomic concentration in a range from 1.0 x 10 17 /cm3 to 1.0 x 10 20tcm3
. 
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[0214] In one embodiment, the semiconductor structure can further include the vertical 

NAND memory device of the first embodiment. 

[0215] Referring to FIG. 23, an alternate embodiment of the second exemplary structure 

can be derived from the second exemplary structure by forming a pillar contact via structure 

850 that contacts a plurality of pillar structures 155 at the processing steps of FIG. 22. 

[0216] In a third exemplary structure according to a third embodiment of the present 

disclosure the original insulating layers 42 are retained in the stack and are not replaced by 

the electrically conducting layers 246. Refening to FIG. 24, this structure can be derived 

from the second exemplary structure of FIG. 19 by performing the processing steps of FIGS. 

3, 4, 5A and 5B, and by forming the dielectric pillar structure(s) 7P and the dielectric material 

layer 73 employing the processing methods of FIGS. 6A and 6B. If desired, the dielectric 

support pillar structures 7Q (not shown for clarity) as described and illustrated above may 

also be present in the device of this embodiment. At least one pillar structure 155 can be 

formed in a resistor region 600, which can be a region that replaces the resistor region 500 of 

the second embodiment, or can be provided in addition to the resistor region 500 of the 

second embodiment. Regions 500 or 600 may be located in part of the memory device region 

100 and/or in the kerf region 501, as shown in FIG. 37. 

[0217] Subsequently, the processing steps of FIGS. 7A- 7D, 8A- 8C, 9A and 9B, lOA 

and l0B, and 1 lA and 1 lB are performed without forming the resistor contact trench 279 in 

the resistor region 600. If another resistor region 500 of the second embodiment is provided, 

a resistor contact trench 279 can be formed in such a resistor contact region 500. 

[0218] In the third embodiment, first portions of second material layers 42 in the memory 

device region 100, an optional capacitor region 400, and an optional additional resistor region 

500 are replaced with electrically conductive layers (46, 146, 246), while second portions of 
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the second mate1ial layers 42 in the resistor region 600 remain intact. In this case, the second 

material layers 42 comprise a dielectric material, and are not removed within a region (i.e., 

the resistor region 600) including at least one vertically-extending cavity that is filled with a 

pillar structure 155. 

[0219] Referring FIG. 25, at least one pillar contact via structure 850, drain contact via 

structures 88, and capacitor contact via structures 8C can be formed in the same manner as in 

the processing steps of FIG. 22. 

[0220] Refening to FIG. 26, a resistor contact trench 279 can be formed through the 

alternating stack of first material layers 32 and second material layers 42 over the area of the 

doped contact region 112, for example, by application of a photoresist layer, lithographic 

patterning of the photoresist layer, and transfer of the pattern in the photoresist layer through 

the alternating stack (32, 42) by an anisotropic etch. In this case, the resistor contact trench 

279 can be formed after formation of the backside contact trench 79 employed to replace 

portions of the second material layers 42 in the memory device region 100 and the capacitor 

region 400 with a conductive material. In one embodiment, the first material layers 32 can 

include a first insulating material (such as silicon oxide) and the second material layers 42 

can include a second insulating material (such as silicon nitride). 

[0221] Refening to FIG. 27, a substrate contact via structure 276 can be formed by filling 

the resistor contact trench 279 with at least one conductive material. An insulating spacer is 

not necessary in the resistor contact trench 279. Thus, the substrate contact via structure 276 

can contact sidewalls of the first material layer 32 and the second mate1ial layer 42 in the 

resistor region 600. The at least one pillar contact via structure 850 can be a first resistor 

node via structure, and the substrate contact via structure 276 can be a second resistor node 

via structure. 
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[0222] In a fourth exemplary structure according to a fourth embodiment of the present 

disclosure, the resistors are formed in one or more of the stepped regions 700, which may be 

located in the word line stepped surface region(s) 300, the dummy staircase region(s) 400, 

and/or in the dummy staircase track 406, as shown in FIG. 37. Referring to FIG. 28, this 

structure can be derived from the first exemplary structure of FIGS. 6A and 6B, or the second 

exemplary structure of FIG. 19 by forming the optional dielectric pillar structure 7P and the 

dielectric support pillar structures 7Q and the dielectric material layer 73. The capacitor 

region 400 of the first embodiment may, or may not, be present in the fourth exemplary 

structure. The resistor region 500 of the second embodiment may, or may not, be present in 

the fourth exemplary structure. The resistor region 600 of the third embodiment may, or may 

not, be present in the fourth exemplary structure. A resistor region 700 is provided adjacent 

to a memory device region 100 (e.g., in stepped regions 300,400 and/or 406). The optional 

dielectric pillar structure 7P can be formed at, or in proximity to, a boundary between the 

memory device region 100 and the resistor region 700 in a pattern same as, or similar to, the 

pattern of the dielectric pillar structure 7P of the first embodiment. 

[0223] Referring to FIGS. 29A-29D, the processing steps of FIGS. 7A- 7D are 

performed to form a backside contact trench 79 in the memory device region 100 and 

optional lateral separation trenches 89 in the resistor region 700. 

[0224] Referring to FIGS. 30A and 30B, the processing steps of FIGS. SA- SC and the 

processing steps of FIGS. 9A and 9B are performed to form an alternating stack (32, 346) of 

first material layers that are electrically insulating layers 32 and second material layers that 

are electrically conductive layers 346, which are herein referred to as fourth electrically 

conductive layers 346. 
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[0225] Referring to FIGS. 31A and 31B, the processing steps of FIGS. lOA and lOB are 

performed to remove any remaining metallic material from inside the backside contact trench 

79. 

[0226] Referring to FIGS. 32A and 32B, the processing steps of FIGS. llA and llB are 

performed to form an insulating spacer 74 and a backside contact via structure 76. 

[0227] Referring to FIGS. 33A - 33D, the processing steps of FIGS. 12A - 12D are 

performed with a different lithographic pattern for forming contact via structures, which are 

herein referred to as resistor contact via structures SR. A photoresist layer is applied over the 

dielectlic material layer 73, and is lithographically patterned to form openings that overlie 

stepped holizontal surfaces of the fourth electlically conductive layers 346. A first set of 

vertically-extending via cavities is formed through the optional dielectric material layer 73 

and the retro-stepped dielectric material layer 65. The lithographic pattern formed in the 

photoresist layer can be selected such that each horizontal stepped surface of the fourth 

electlically conducive layers 346 is physically exposed at the bottom of the first set of 

vertically-extending via cavities in the resistor region 700. The photoresist layer is removed, 

for example, by ashing. The first set of vertically-extending via cavities can be filled in the 

same manner as in the processing steps of FIGS. 12A - 12D of the first embodiment to form 

the resistor contact via structures SR. Each fourth electrically conductive layer 346 is a 

laterally-extending semiconductor or conductive structure that contacts a respective resistor 

contact via structure SR. 

[0228] Referring to FIGS. 34A - 34D, another photoresist layer is applied over the 

dielectlic material layer 73, and is lithographically patterned to form openings that overlie the 

stepped holizontal surfaces of the fourth electlically conductive layers 346 and do not overlap 

with the resistor contact via structures SR. A second set of vertically-extending via cavities 
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7C is formed through the optional dielectric material layer 73 and the retro-stepped dielectric 

material layer 65. The lithographic pattern formed in the photoresist layer can be selected 

such that each horizontal stepped surface of the fourth electrically conducive layers 346 is 

physically exposed at the bottom of the second set of vertically-extending via cavities in the 

resistor region 700 without etching, or physically exposing any surface of, the resistor contact 

via structures SR. The photoresist layer is removed, for example, by ashing. 

[0229] Referring to FIGS. 35A - 35D, the second set of vertically-extending via cavities 

7C can be filled with a suitable material that can provide a target level of resistivity. In one 

embodiment, the second set of vertically-extending via cavities can be filled with doped 

semiconductor material. The doped semiconductor material can be deposited in the second 

set of vertically extending via cavities by deposition of a semiconductor material with in-situ 

doping, or can be deposited as an intrinsic semiconductor material or a doped semiconductor 

material and implanted with electrical dopants employing an implantation mask layer (such 

as a photoresist layer). Excess portions of the doped semiconductor material above the top 

surface of the dielectric material layer 73 can be removed, for example, by chemical 

mechanical planarization. 

[0230] Each remaining portion of the doped semiconductor material in a vertically-

extending via cavity of the second constitutes a pillar structure 7R. Each pillar structure 7R 

can include a doped semiconductor material having a doping of at a preselected dopant level. 

In one embodiment, the pillar structures 7R can have a same horizontal cross-sectional area, 

and the resistance of each pillar structure 7R can be inversely proportional to the height of the 

pillar structure 346. Each fourth electrically conductive layer 346 is a laterally-extending 

semiconductor or conductive structure that contacts a respective resistor contact via structure 

SR and a respective pillar structure 7R. In one embodiment, each of the pillar structure 7R 
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can consist of a respective doped semiconductor material portion that is deposited within a 

respective vertically-extending cavity formed on the laterally-extending semiconductor or 

conductive structure (which is embodied as a fourth electrically conductive layer 346). 

[0231] In one embodiment, a pillar structure 7R is formed within each vertically-

extending cavity in the second set of vertically extending cavities, and each pillar structure 7P 

can comprises a doped semiconductor material portion. All semiconductor material within 

each pillar structure 7R can have a doping of the same conductivity type, which can be the 

first conductivity type or the second conductivity type. 

[0232] Referring to FIGS. 36A - 36D and 37, a line level dielectric material layer 92 

including a dielectric material can be formed over the top surface of the dielectric material 

layer 73 in the same manner as in the first embodiment. Interconnect line structures can be 

formed in the line level dielectric material layer 92, for example, by forming line trenches in 

the line level dielectric material layer 92 and filling the line trenches with at least one 

conductive material. Excess portions of the at least one conductive material can be removed 

from above the top surface of the line level dielectric material layer 92, for example, by 

chemical mechanical planarization. 

[0233] First electrode metal lines 841, second electrode metal lines 842, source metal line 

96, and bit lines 98, and optionally, additional metal line structures of the first, second, and 

third embodiments can be formed in the line level dielectric material layer 92. Each first 

electrode metal line 841 can contact a top surface of a pillar structure 7R, and each second 

electrode metal line 842 can contact a top surface of a resistor contact via structure SR. The 

node-tying metal lines (821, 822, 823, 831, 832, 833) can include first node-tying metal lines 

(821, 822, 823) that tie the first node of a respective capacitor, and second node-tying metal 

lines (831,832,833) that tie the second node of a respective capacitor. The source metal line 
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98 provides electrical connection to the backside contact via structure 76 and the source 

region 61. The bit lines 98 provide electrical connection to the drain contact via structures 88 

and the drain regions 63. 

[0234] While the present disclosure is described employing an embodiment in which a 

single pillar structure 7R is formed per fom1h electrically conductive layer 346, embodiments 

are contemplated herein in which multiple pillar structures 7R are formed per fourth 

exemplary conductive structure 346 at one or more levels. 

[0235] Each physically adjoined set of a pillar structure 7R, a laterally-extending 

semiconductor or conductive structure as embodied as a portion of a fourth electrically 

conductive layer 346, and contact via structure SR collectively constitute a resistor structure 

(7R, 346, SR). A plurality of resistor structures can be simultaneously formed. 

[0236] The fourth exemplary structure comprises a semiconductor device, which 

comprises an alternating stack (32, 346) of first material layers 32 and second material layers 

346 located over a substrate ( I 0, 61 ), at least one pillar structure 7P extending from a first 

horizontal plane including a top surface of the alternating stack (32, 346) to a second 

horizontal plane located underneath, and vertically spaced by a plurality of layers within the 

alternating stack (32, 346) from, the top surface of the alternating stack. For each pillar 

structure 7P, the second horizontal plane can be the plane that includes the top surf ace of a 

fourth elect1ically conductive layer 346 that contacts the pillar structure 7R. The plurality of 

layers that separates the first horizontal plane and the second horizontal plane can be the set 

of first and second material layers (32, 346) located between the first horizontal plane and the 

second horizontal plane. The first horizontal plane is common for all pillar structures 7P, and 

the second horizontal plane depends on the location of the bottommost portion of the pillar 

structure 7R. 
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[0237] A laterally-extending semiconductor or conductive structure, as embodied by a 

fourth electrically conductive layer 346, contacts a bottom surface of the at least one pillar 

structure 7P. A contact via structure SR contacts a top surface of the laterally-extending 

semiconductor or conductive structure, as embodied by the fourth electrically conductive 

layer 346, and is laterally spaced from the at least one pillar structure 7P. Each of the at least 

one pillar structure 7P comprises a set of at least one doped semiconductor material portion 

therein (which can be a single doped semiconductor material portion). All semiconductor 

material within each of the at least one pillar structure has a doping of the same conductivity 

type, which can be the first conductivity type or the second conductivity type. 

[0238] A plurality of resistor structures can be provided. Each resistor structure 

comprises at least one pillar structure 7R extending from the first horizontal plane to a 

respective electrically conductive layer 346 located at different levels. A fourth electrically 

conductive layer 346 can contact a bottom surface of each pillar structure 7R. A resistor 

contact via structure SR can contact a top surface of each fourth electrically conductive layer 

346. In one embodiment, each resistor contact via structure SR can comprise a metallic via 

structure. 

[0239] The doped semiconductor material portion of each pillar structure 7R can 

comprise a doped polycrystalline semiconductor material portion contacting inner surfaces of 

at least one electrically insulating material, which can be the insulating material of the retro­

stepped dielectric material portion. In one embodiment, the first material layers 32 comprise 

electrically insulating layers, the second material layers 346 comprise electrically conductive 

layers, the laterally-extending semiconductor or conductive structure 346 comprises one of 

the electrically conductive layers. In one embodiment, each of the at least one pillar structure 

7P can consist of a respective doped semiconductor mate1ial portion. 
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[0240] The alternating stack (32, 346) of the insulator layers 32 and the fourth electrically 

conductive layers 346 can comprise a stepped surface region in which each fourth electrically 

conductive layer 346 having at least one overlying fourth electrically conductive layer 346 

laterally extends farther than any overlying fourth electrically conductive layer 346. 

Horizontal surfaces of the alternating stack (32, 346) that do not underlie any other layer 

within the alternating stack (32, 346) (and which contact one of the retro-stepped dielectric 

material portion 65, a pillar structure 7R, and/or a resistor contact via structure SR) are 

adjoined to vertical surfaces of the first and second material layers. The retro-stepped 

dielectric material portion 65 overlies the stepped surface region. A set of at least one pillar 

structure 7R, a laterally-extending semiconductor or conductive structure as embodied in a 

portion of a fourth electrically conductive layer 346, and a resistor contact via structure SR 

collectively constitute a resistor structure. 

[0241] The first, second, third, and fourth exemplary structures can be formed alone, or in 

combination with any other among the first, second, third, and fourth exemplary structures. 

The exemplary structures of the present disclosure can provide passive components (such as 

resistors and capacitors) integrated with a three-dimensional device including an alternating 

stack of first material layers and second material layers, which can be a three-dimensional 

memory device such as a vertical NAND device. Some embodiments of the present 

disclosure provide capacitor structures and/or resistor structures employing stepped surfaces 

that are formed on the alternating stack of material layers. Thus, the processing steps of 

forming contact via structures for control gate electrodes of a vertical memory device can be 

employed to form the stepped surface region for the exemplary devices of the present 

disclosure. In some other embodiments, pillar structures that constitute a resistive portion of 

a resistor structure can be formed employing the same processing steps as the processing 
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steps employed to form memory stack structures and by adding the processing step of a 

masked ion implantation to dope the semiconductor material therein. Thus, the passive 

devices of the present disclosure can be formed with minimal addition and/or modification to 

known processing steps for manufacturing a three-dimensional memory device, thereby 

reducing the production cost for the passive devices. In addition, the passive devices of the 

present disclosure can be formed in proximity to memory stack structures by employing 

stepped surfaces that can be formed on an alternating stack of insulator layers and electrically 

conductive layers. Thus, integration of the passive devices into a peripheral circuit for a 

memory device can be done with minimal electrical wiring. 

[0242] Although the foregoing refers to particular preferred embodiments, it will be 

understood that the disclosure is not so limited. It will occur to those of ordinary skill in the 

art that various modifications may be made to the disclosed embodiments and that such 

modifications are intended to be within the scope of the disclosure. All of the publications, 

patent applications and patents cited herein are incorporated herein by reference in their 

entirety. 
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WHAT IS CLAIMED IS: 

1. A three dimensional memory device, comprising: 

a memory device region containing a plurality of non-volatile memory devices; 

a peripheral device region containing active driver circuit devices; and 

a first stepped surface region between the peripheral device region and the memory 

device region containing a plurality of passive driver circuit devices. 

2. The device of Claim 1, further comprising: 

a stack of alternating layers including electrically insulating layers and electrically 

conductive layers located over a substrate, wherein the first stepped surface region contains 

first portions of the electrically insulating layers and first portions of the electrically 

conductive layers, and the first stepped region is located on a first side of the stack; 

a second stepped surface region containing second portions of the electrically 

insulating layers and second portions of the electrically conductive layers located on a second 

side of the stack; 

a plurality of semiconductor channels located in the memory device region in the 

stack, wherein at least one end portion of each of the plurality of semiconductor channels 

extends substantially perpendicular to a top surface of the substrate; 

a plurality of charge storage elements, each charge storage element located adjacent to 

a respective one of the plurality of semiconductor channels; 

a plurality of passive device contact via structures extending substantially 

perpendicular to the top surface of the substrate to the respective first portions of the 

electrically conductive layers in the first stepped surface region; and 
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a plurality of control gate contact via structures extending substantially perpendicular 

to the top surface of the substrate to the respective second portions of the electrically 

conductive layers in the second stepped surface region. 

3. The device of Claim 2, wherein: 

the peripheral device region contains sense amplifiers; 

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

the second portions of the electrically conductive layers comprise a plurality of 

control gate electrodes extending substantially parallel to the top surface of the substrate, and 

the plurality of control gate electrodes comprise at least a first control gate electrode located 

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

4. The device of Claim 3, wherein: 

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

the first portions of the elect1ically conductive layers comprise a plurality of capacitor 

electrodes; 

the first portions of the electrically insulating layers comprise capacitor dielectrics 

located between the capacitor electrodes; and 

the respective first and the second portions of each of the electrically conductive layer 

are located at the same level above the substrate and are electrically insulated from each 

other. 

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

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

a stack of alternating layers including electlically insulating layers and electrically 

conductive layers located over a substrate, wherein each underlying electlically conductive 

layer that is located within the stack and has at least one overlying electlically conductive 

layer that laterally extends farther than the underlying electrically conductive layer to form a 

stepped surface region on a side of the stack; 

a dielectric matelial portion located over the stepped surface region of the stack, 

wherein an interface between the dielectlic material portion and the stack includes a 

contiguous set of holizontal surf aces and vertical surfaces to provide the stepped surf ace 

region; 

a set of dielectlic fill matelial portions located within trenches that vertically extend 

through the stack of alternating layers and laterally contact sidewalls of the stack of 

alternating layers in the stepped surface region; and 

a plurality of contact via structures in contact with respective electlically conductive 

layers within the stack of alternating layers, 

wherein the electlically conductive layers constitute conductive components of a set 

of capacitors and a subset of the electlically insulating layers constitutes node dielectlics of 

the set of capacitors, wherein each capacitor in the set complises: 

a first node that includes an underlying electlically conductive layer of a respective 

vertically neighboling pair and a respective contact via structure that extends upward from 

the underlying electlically conductive layer and through the dielectlic matelial portion; and 

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

respective vertically neighboring pair and a respective contact via structure that extends 

-80-

Micron Ex. 1002, p. 259 
Micron v. YMTC 
IPR2024-00790



WO 2016/205078 PCT/US2016/036771 

upward from the overlying electrically conductive layer and through the dielectric material 

portion. 

7. The device of Claim 6, wherein: 

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

dielectric fill material portion; 

all sidewall surfaces of the electrically conductive layers within the stack of 

alternating layers are in contact with a surface selected from sidewall surfaces of the set of 

dielectric fill material portions and sidewall surf aces of the dielectric material portion; 

an entire interface between an electrically conductive layer within the stack of 

alternating layers and the set of dielectric fill material portions is a contiguous interface; and 

the contiguous interface is substantially vertical throughout an entirety thereof. 

8. The device of Claim 7, wherein: 

the interface between the electrically conductive layer and the set of dielectric fill 

material portions adjoins an interface between the electrically conductive layer and the 

dielectric material portion; 

a combination of the interface between the electrically conductive layer and the set of 

dielectric fill material portions and the interface between the electrically conductive layer and 

the dielectric material portion includes all sidewall surfaces of the electrically conductive 

layer; 

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

contact the dielectric material portion; and 
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the dielectric matelial portion is a retro-stepped dielectlic material portion in which a 

holizontal cross-sectional area of the dielectric matelial portion at a holizontal plane is not 

less than a horizontal cross-sectional area of the dielectlic material portion at any holizontal 

plane that is more proximal to the substrate. 

9. The device of Claim 6, wherein: 

each capacitor within the set of capacitors comprises two pairs of vertically 

neighboring electlically conductive layers; 

the first node of the capacitor includes an underlying electlically conductive layer of a 

first vertically neighboling pair and an electlically conductive layer of a second vertically 

neighboring pair; and 

the second node of the capacitor includes an overlying electrically conductive layer of 

the first vertically neighboling pair and another electrically conductive layer of the second 

vertically neighboling pair. 

10. The device of Claim 9, wherein: 

the underlying electlically conductive layer of the first vertically neighboring pair and 

the electrically conductive layer of the second vertically neighboling pair are electlically 

shorted through two contact via structures and a first conductive line structure; and 

the overlying electlically conductive layer of the first vertically neighboring pair and 

the other electlically conductive layer of the second vertically neighboring pair are 

electlically shorted through two additional contact via structures and a second conductive line 

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

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

the first capacitor comprises a first upper pair of vertically neighboring electrically 

conductive layers and a first lower pair of vertically neighboring electrically conductive 

layers; 

the second capacitor comprises a second upper pair of vertically neighbming 

electrically conductive layers and a second lower pair of vertically neighboring electrically 

conductive layers; 

the second upper pair of vertically neighboring electrically conductive layers overlies 

the first upper pair of vertically neighboring electrically conductive layers; 

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

first lower pair of vertically neighboring electrically conductive layers; and 

the first lower pair of vertically neighbming electrically conductive layers overlies the 

second lower pair of vertically neighboring electrically conductive layers. 

12. The device of Claim 11, wherein a sum of an upper overlap area between the vertically 

neighboring electrically conductive layers within the first upper pair and a lower overlap area 

between the vertically neighboring electrically conductive layers within the first lower pair is 

substantially the same as the sum of an upper overlap area between the vertically neighboring 

electrically conductive layers within the second upper pair and a lower overlap area between 

the vertically neighboring electrically conductive layers within the second lower pair. 

13. The device of Claim 11, wherein: 
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each capacitor within the set of capacitors has a substantially same total overlap area 

between vertically neighboring electrically conductive layers contained therein; and 

the set of capacitors is located in at least one of a kerf region, a first stepped surface 

region between a peripheral device region and a memory device region, and a second stepped 

surface region which comprises a stepped track between the kerf region and the peripheral 

device region. 

14. The device of Claim 6, further comprising a monolithic three-dimensional memory device 

located over the substrate, the monolithic three-dimensional memory device comprising: 

additional control gate portions of the electrically conductive layers located at the 

same levels as the electrically conductive layers of the stack; 

a memory opening extending through the stack; 

a memory film located within the memory opening; and 

a semiconductor channel located within the memory film. 

15. The device of Claim 14, wherein: 

the set of capacitors is a component of a peripheral device of the monolithic three­

dimensional memory device; 

the monolithic three-dimensional memory device is a vertical N AND memory device; 

the additional control gate portions of the electrically conductive layers comprise, or 

are electrically connected to, a respective word line of the vertical NAND memory device; 

the substrate comprises a silicon substrate; 

the vertical NAND memory device comprises an array of monolithic three­

dimensional N AND strings over the silicon substrate; 
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at least one memory cell in the first device level of the three-dimensional array of 

NAND strings is located over another memory cell in the second device level of the three­

dimensional array of NAND strings; 

the silicon substrate contains an integrated circuit comprising a driver circuit for the 

memory device located thereon; and 

the three-dimensional array of NAND strings comprises: 

a plurality of semiconductor channels, wherein at least one end portion of 

each of the plurality of semiconductor channels extends substantially perpendicular to 

a top surface of the silicon substrate; 

a plurality of charge storage elements, each charge storage element located 

adjacent to a respective one of the plurality of semiconductor channels; and 

a plurality of control gate electrodes having a strip shape extending 

substantially parallel to the top surface of the silicon substrate, the plurality of control 

gate electrodes comprise at least a first control gate electrode located in the first 

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

16. A method of forming a memory device comprising: 

fanning a plurality of memory devices in a memory device region; 

forming a plurality of passive devices outside the memory device region; and 

forming a conductive layer in one deposition step such that a first portion of the 

conductive layer comprises a portion of at least one of the passive device and a second 

portion of the conductive layer forms a portion of at least one memory device. 

17. The method of Claim 16, further comprising: 
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forming a stack comprising an alternating plurality of electrically insulating layers 

and second material layers over a substrate; 

forming trenches extending through the stack of alternating layers, wherein sidewalls 

of a patterned portion of the stack of alternating layers are physically exposed; 

forming a patterned stack comprising an alternating plurality of the electrically 

insulating layers and electrically conductive layers, wherein the electrically conductive layers 

in the patterned stack are formed at each level of the second material layers, and the patterned 

stack is laterally contacted by a set of dielectric fill material portions formed within trenches; 

and 

forming a plurality of contact via structures on the electrically conductive layers, 

wherein: 

portions of the electrically conductive layers located in a first stepped surface region 

between a peripheral device region and a memory device region constitute at least a portion 

of passive devices; and 

forming the conductive layer comprises forming at least one of the electrically 

conductive layers or at least one of the plurality of contact via structures. 

18. The method of Claim 17, wherein: 

the passive devices comprise capacitors; 

a subset of the electrically insulating layers located in the first stepped surface region 

constitutes node dielectrics of the set of capacitors; and 

each capacitor in the set comprises: 

a first node that includes an underlying electrically conductive layer of a 

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

dielectric material portion; and 

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

respective vertically neighboring pair and a respective contact via structure that 

extends upward from the overlying electrically conductive layer and through the 

dielectric material portion. 

19. The method of Claim 18, further comprising replacing the second material layers with 

conductive material portions; 

wherein: 

the electrically conductive layers in the patterned stack comprises remaining portions 

of the conductive material portions; 

the set of dielectric fill material portions is formed within the trenches after 

replacement of the second material layers with the conductive material portions; and 

the second material layers are replaced with the conductive material portions by: 

forming lateral recesses by etching the second material layers by introducing 

an etchant through one or more of the trenches; 

depositing the conductive material portions within the lateral recesses; and 

filling the one or more of the trenches with one or more dielectric fill material 

portions within the set of dielectric fill material portions. 

20. The method of Claim 18, further comprising: 

filling each of the trenches with a dielectric material of a respective dielectric fill 

material portion; 
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forming a stepped surface region in which each underlying second material layer 

laterally extends farther than any overlying second material layer thereof; and 

forming a dielectric material portion over the stepped surface region. 

21. The method of Claim 20, further comprising: 

forming a support pillar trench through the alternating stack; 

forming a dielectric pillar structure within the support pillar trench by depositing a 

first dielectric fill material; 

forming lateral separation trenches through the alternating stack; and 

forming dielectric trench fill structures by depositing a second dielectric fill material, 

wherein: 

the set of dielectric fill material portions comprise the dielectric pillar structure and 

the dielectric trench fill structures; 

the support pillar trench laterally extends along a same lateral direction as stepped 

surfaces within the stepped surface region; and 

the lateral separation trenches laterally extend along a lateral direction that is 

perpendicular to the stepped surfaces within the stepped surface region. 

22. The method of Claim 20, wherein the dielectric material portion is a retro-stepped 

dielectric material portion in which a horizontal cross-sectional area of the dielectric material 

portion at a horizontal plane is not less than a horizontal cross-sectional area of the dielectric 

material portion at any horizontal plane that is more proximal to the substrate. 

23. The method of Claim 18, wherein: 
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each capacitor within the set of capacitors comprises two pairs of vertically 

neighboring electrically conductive layers; 

the first node of the capacitor includes an underlying electrically conductive layer of a 

first vertically neighboring pair and an electrically conductive layer of a second vertically 

neighboring pair; and 

the second node of the capacitor includes an overlying electrically conductive layer of 

the vertically neighboring pair and another electrically conductive layer of the second 

vertically neighboring pair. 

24. The method of Claim 16, wherein the passive devices comprise resistors. 

25. The method of Claim 16, wherein: 

forming the plurality of memory devices in a memory device region comprises 

forming a monolithic three-dimensional memory device located over the substrate; and 

the monolithic three-dimensional memory device comprises: 

a memory opening extending through the stack; 

a memory film formed within the memory opening; and 

a semiconductor channel formed within the memory film. 

26. The method of Claim 25, wherein: 

the passive devices are components of a peripheral device of the monolithic three­

dimensional memory device; 

the monolithic three-dimensional memory device is a vertical NAND memory device; 
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the electrically conductive layers comprise, or are electlically connected to, a 

respective word line of the vertical NAND memory device; 

the substrate comprises a silicon substrate; 

the vertical NAND memory device comprises an array of monolithic three­

dimensional N AND strings over the silicon substrate; 

at least one memory cell in the first device level of the three-dimensional array of 

N AND strings is located over another memory cell in the second device level of the three­

dimensional array of NAND strings; 

the silicon substrate contains an integrated circuit comprising a driver circuit for the 

memory device located thereon; and 

the three-dimensional array of NAND strings comprises: 

a plurality of semiconductor channels, wherein at least one end portion of 

each of the plurality of semiconductor channels extends substantially perpendicular to 

a top surface of the silicon substrate; 

a plurality of charge storage elements, each charge storage element located 

adjacent to a respective one of the plurality of semiconductor channels; and 

a plurality of control gate electrodes having a strip shape extending 

substantially parallel to the top surface of the silicon substrate, the plurality of control 

gate electrodes comprise at least a first control gate electrode located in the first 

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

27. The method of Claim 25, wherein the first stepped surface region contains first portions 

of the electrically insulating layers and first portions of the electrically conductive layers, and 

the first stepped region is located on a first side of the stack. 
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28. The method of Claim 27, further complising forming a second stepped surface region 

containing second portions of the electlically insulating layers and second portions of the 

electlically conductive layers located on a second side of the stack duling at the same time as 

forming the first stepped surface region. 

29. The method of Claim 28, wherein: 

fanning the plurality of contact via structures complises forming a plurality of passive 

device contact via structures extending substantially perpendicular to the top surface of the 

substrate to the respective first portions of the electrically conductive layers in the first 

stepped surface region, and at the same time forming a plurality of control gate contact via 

structures extending substantially perpendicular to the top surface of the substrate to the 

respective second portions of the electlically conductive layers in the second stepped surface 

region; 

the peripheral device region contains sense amplifiers; 

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

the second portions of the electlically conductive layers complise a plurality of 

control gate electrodes extending substantially parallel to the top surface of the substrate, and 

the plurality of control gate electrodes comprise at least a first control gate electrode located 

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

30. A semiconductor device, comprising: 

an alternating stack of first material layers and second material layers located over a 

substrate; 
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at least one pillar structure extending from a first horizontal plane including a top 

surface of the alternating stack through at least a portion of the alternating stack; 

a laterally-extending semiconductor or conductive structure contacting a bottom 

surface of the at least one pillar structure; and 

a contact via structure contacting a top surface of the laterally-extending 

semiconductor or conductive structure and laterally spaced from the at least one pillar 

structure, 

wherein: 

each of the at least one pillar structure comprises at least one doped semiconductor 

material portion therein; and 

each semiconductor material pmtion within the at least one pillar structure has a 

doping of a same second conductivity type. 

31. The semiconductor device of Claim 30, wherein the contact via structure comprises a 

metallic via structure and the at least one doped semiconductor material portion comprises 

electrical dopants of the same second conductivity type at an atomic concentration in a range 

from 1.0 x 10 17 /cm3 to 1.0 x 10 20/cm3
. 

32. The semiconductor device of Claim 30, wherein the at least one doped semiconductor 

material portion comprises a doped polycrystalline semiconductor material portion contacting 

inner surfaces of at least one electrically insulating material. 

33. The semiconductor structure of Claim 30, further comprising: 

a memory opening extending through the alternating stack; and 
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a memory stack strncture that comprises a memory film located within the memory 

opening, and a semiconductor channel located within the memory film. 

34. The semiconductor device of Claim 33, wherein: 

the at least one pillar strncture comprises at least a portion of a resistor; 

each of the at least one pillar strncture comprises a layer stack of at least two 

dielectric material layers located on an outer sidewall of a respective set of at least one doped 

semiconductor material portion; 

the memory film and the layer stack of at least two dielectric material layers comprise 

an identical set of dielectric materials; and 

the laterally-extending semiconductor or conductive structure consists of at least one 

single crystalline semiconductor material portion located in the substrate. 

35. The semiconductor structure of Claim 34, wherein: 

the at least one doped semiconductor material portion comprises a same 

semiconductor material as the semiconductor channel, and further includes electiical dopants 

of the same second conductivity type; and 

the semiconductor channel is intrinsic or has a doping of a first conductivity type that 

is the opposite of the second conductivity type. 

36. The semiconductor structure of Claim 35, wherein: 

the memory stack structure further comprises a drain region having a same second 

conductivity type of doping as the least one doped semiconductor material portion; and 
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a second doped semiconductor material portion of the at least one doped 

semiconductor material portion comprises a same semiconductor material as the drain region. 

37. The semiconductor stmcture of Claim 34, wherein: 

the memory stack structure further comprises an epitaxial channel portion; and 

a epitaxial doped semiconductor portion of the at least one doped semiconductor 

material portion comprises a same semiconductor material as the epitaxial channel portion, 

and further includes electrical dopants of the same second conductivity type. 

38. The semiconductor stmcture of Claim 34, wherein: 

the first material layers are electiically insulating layers; and 

the second material layers are electrically conductive layers. 

39. The semiconductor stmcture of Claim 34, wherein: 

the first material layers comprise a first electrically insulating material; 

the second material layers comprise a second electrically insulating material; and 

the memory stack stmcture extends through another alternating stack of the first 

material layers and electrically conductive layers located at each level of the second material 

layers. 

40. The semiconductor stmcture of Claim 30, wherein: 

the first material layers comprise electrically insulating layers; 

the second material layers comprise electrically conductive layers; and 
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the laterally-extending semiconductor or conductive structure comprises one of the 

electrically conductive layers. 

41. The semiconductor structure of Claim 40, wherein each of the at least one pillar structure 

consists of a respective doped semiconductor material portion. 

42. The semiconductor structure of Claim 41, wherein: 

the alternating stack comprises a stepped surface region in which each electrically 

conductive layer having at least one overlying electrically conductive layer laterally extends 

farther than any overlying electrically conductive layer; 

a retro-stepped dielectric material portion overlies the stepped surface region; and 

the at least one pillar structure, the laterally-extending semiconductor or conductive 

structure, and the contact via structure collectively constitute a resistor structure. 

43. The semiconductor structure of Claim 42, further comprising additional resistor 

structures, each additional resistor structure comprising: 

at least one additional pillar structure extending from the first horizontal plane to a 

respective electrically conductive layer located at a different level from the laterally­

extending semiconductor or conductive structure; 

a respective electrically conductive layer contacting a bottom surface of the at least 

one additional pillar structure; and 

an additional contact via structure contacting a top surface of the respective 

electrically conductive layer. 
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44. The semiconductor structure of Claim 30, further comprising a vertical NAND memory 

device located over the substrate, wherein: 

the vertical NAND memory device comprises a memory stack structure extending 

through an alternating stack of electrically insulating layers located at each level of the first 

material layers and electrically conductive layers located at each level of the second material 

layers; 

the electrically conductive layers comprise, or are electrically connected to, a 

respective word line of the vertical NAND memory device; 

the substrate comprises a silicon substrate; 

the vertical NAND memory device comprises an array of monolithic three­

dimensional NAND stlings over the silicon substrate; 

at least one memory cell in the first device level of the three-dimensional array of 

N AND strings is located over another memory cell in the second device level of the three­

dimensional array of NAND strings; 

the silicon substrate contains an integrated circuit comprising a driver circuit for the 

memory device located thereon; and 

the three-dimensional array of NAND strings comprises: 

a plurality of semiconductor channels, wherein at least one end portion of 

each of the plurality of semiconductor channels extends substantially perpendicular to 

a top surface of the silicon substrate; 

a plurality of charge storage elements, each charge storage element located 

adjacent to a respective one of the plurality of semiconductor channels; and 

a plurality of control gate electrodes having a strip shape extending 

substantially parallel to the top surface of the silicon substrate, the plurality of control 
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gate electrodes comprise at least a first control gate electrode located in the first 

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

45. The semiconductor stmcture of Claim 44, wherein the at least one pillar stmcture 

comprises at least a portion of a resistor located in at least one of a kerf region, a first stepped 

surface region between a peripheral device region and a memory device region, a second 

stepped surface region which comprises a stepped track between the kerf region and the 

peripheral device region, and a third stepped surface region which comprises a word line 

contact region containing word line contact via structures. 

46. A method of forming at least one resistor stmcture, comprising: 

forming an alternating stack of first material layers and second material layers over a 

substrate; 

forming at least one vertically-extending cavity from a first horizontal plane including 

a top surface of the alternating stack to a laterally-extending semiconductor or conductive 

stmcture, wherein a physically exposed portion of a top surface of the laterally-extending 

semiconductor or conductive stmcture is present within a second horizontal plane located in 

the alternating stack below the first horizontal plane; 

forming a resistor comprising a pillar structure within each of the at least one 

vertically-extending cavity, wherein each pillar stmcture comprises at least one doped 

semiconductor material portion, and wherein each semiconductor material within the pillar 

structure has a doping of a same second conductivity type; and 

fonning a contact via stmcture contacting another portion of the top surface of the 

laterally-extending semiconductor or conductive structure. 
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47. The method of Claim 46, wherein: 

the contact via structure is formed by deposition of a metallic material; and 

the at least one doped semiconductor material portion comprises a doped 

polycrystalline semiconductor material portion that is formed directly on inner surfaces of at 

least one electrically insulating material. 

48. The method of Claim 46, further comprising: 

forming a memory opening extending through the alternating stack; 

forming a memory film located within the memory opening; and 

forming a semiconductor channel on the memory film. 

49. The method of Claim 48, wherein: 

the vertically-extending semiconductor material portion and the semiconductor 

channel are formed by deposition of an intrinsic semiconductor material or a doped 

semiconductor material having a doping of a first conductivity type that is the opposite of the 

same conductivity type; and 

a first doped semiconductor material portion of at the least one doped semiconductor 

material portion is formed by: 

depositing a vertically-extending semiconductor material portion in each 

vertically-extending cavity simultaneously with formation of the semiconductor 

channel; and 

implanting electrical dopants of the same second conductivity type into the 

vertically-extending semiconductor material portion while preventing implantation of 
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the electrical dopants of the same second conductivity type into the semiconductor 

channel. 

50. The method of Claim 49, further comprising: 

forming a drain region having a doping of the same second conductivity type on the 

semiconductor channel; 

forming a second doped semiconductor material portion on each vertically-extending 

semiconductor material portion simultaneously with formation of the drain region; 

forming an epitaxial channel portion on the substrate, wherein the semiconductor 

channel is formed on the epitaxial channel portion; and 

forming a epitaxial doped semiconductor portion comprising a same semiconductor 

material as the epitaxial channel portion at a bottom portion of each vertically-extending 

cavity. 

51. The method of Claim 48, wherein the laterally-extending semiconductor or conductive 

structure consists of at least one single crystalline semiconductor material portion located in 

the substrate. 

52. The method of Claim 48, further comprising replacing the second material layers with 

electrically conductive layers within a memory device region including the memory opening, 

wherein: 

the first material layers are electrically insulating layers; and 

the second material layers comprise a dielectric material and are not removed within a 

region including the at least one vertically-extending cavity. 
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53. The method of Claim 48, further complising replacing the second matelial layers with 

electlically conductive layers, wherein the first matelial layers are electrically insulating 

layers. 

54. The method of Claim 53, wherein the laterally-extending semiconductor or conductive 

structure complises one of the electlically conductive layers. 

55. The method of Claim 54, wherein each of the pillar structure consists of a respective 

doped semiconductor material portion that is deposited within a respective vertically­

extending cavity formed on the laterally-extending semiconductor or conductive structure. 

56. The method of Claim 55, further complising: 

forming a stepped surface region in which each electrically conductive layer having at 

least one overlying electrically conductive layer laterally extends farther than any overlying 

electlically conductive layer; and 

forming a retro-stepped dielectric matelial portion the stepped surface region. 

57. The method of Claim 56, wherein: 

the pillar structure, the laterally-extending semiconductor or conductive structure, and 

the contact via structure collectively constitute a resistor structure; and 

the method further complises forming additional resistor structures simultaneously 

with formation of the resistor structure, each additional resistor structure comprising: 
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at least one additional pillar structure extending from the first hmizontal plane 

to a respective electrically conductive layer located at a level from the laterally­

extending semiconductor or conductive structure; 

a respective electrically conductive layer contacting a bottom surface of a 

respective additional pillar structure; and 

an additional contact via structure contacting a top surface of the respective 

electrically conductive layer. 

58. The method of Claim 46, further comprising forming a vertical NAND memory device 

over the substrate, wherein: 

the vertical NAND memory device comprises a memory stack structure extending 

through an alternating stack of electrically insulating layers located at each level of the first 

material layers and electrically conductive layers located at each level of the second material 

layers; 

the electrically conductive layers comprise, or are electrically connected to, a 

respective word line of the vertical NAND memory device; 

the substrate comprises a silicon substrate; 

the vertical NAND memory device comprises an array of monolithic three­

dimensional N AND strings over the silicon substrate; 

at least one memory cell in the first device level of the three-dimensional array of 

N AND strings is located over another memory cell in the second device level of the three­

dimensional array of NAND strings; 

the silicon substrate contains an integrated circuit comprising a driver circuit for the 

memory device located thereon; and 
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the three-dimensional array of NAND strings comprises: 

a plurality of semiconductor channels, wherein at least one end portion of 

each of the plurality of semiconductor channels extends substantially perpendicular to 

a top surface of the silicon substrate; 

a plurality of charge storage elements, each charge storage element located 

adjacent to a respective one of the plurality of semiconductor channels; and 

a plurality of control gate electrodes having a strip shape extending 

substantially parallel to the top surface of the silicon substrate, the plurality of control 

gate electrodes comprise at least a first control gate electrode located in the first 

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