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THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
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If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 
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NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
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entity status, as applicable. 
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Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/402,202 
Examiner 
SYED I GHEYAS 

Applicant(s) 
Hua et al. 
Art Unit 
2812 I AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 08/18/2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-14 and 21-26. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/SYED I GHEYAS/ 
Primary Examiner, Art Unit 2812 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201017 
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Application/Control Number: 16/402,202 
Art Unit: 2812 

Notice of Pre-AJA or AJA Status 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Allowable Subject Matter 

Claims 1-14 & 21-26 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Regarding Claim 1: The prior art ofrecord to the examiner's knowledge does not teach 

or render obvious the instant invention, particularly characterized by a three-dimensional (3D) 

memory device, comprising: wherein each of the dummy source structures comprises a 

conductive contact 

The most relevant prior art reference due to Jeong et al. (Pub. No.: US 2016/0293622 

Al) substantially discloses a three-dimensional (3D) memory device, comprising: 

a substrate (Par 0055, Fig. 3 - substrate 100); 

a memory stack comprising interleaved conductive layers and dielectric layers on the 

substrate (Par. 0057-0058, Fig. 3 - interleaved conductive layers 130, 135 & 138 and dielectric 

layers 110); 

a staircase structure on one side of the memory stack (Par. 0057-0058, Fig. 3 - staircase 

structure (stepped structure) shown in region R2); 

a staircase contact in the staircase structure (Par. 0068, Figs. 1-3 - staircase contact ( cell 

contact plug) 150c shown in region R2); and 

a plurality of dummy source structures each extending vertically through the staircase 
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structure, the plurality of dummy source structures surrounding the staircase contact (Par. 0062-

0065 & 0082-0085, Figs. 1-3 - dummy pillars DPI & DP2 shown in region R2 could be 

considered as the dummy source; dummy pillars of this prior art, like the dummy source of the 

instant application, function as a mechanical support for conductive layers). 

Additionally, the prior arts made of record and not relied upon are considered pertinent to 

applicant's disclosure. See form PTO-892. 

However, none of these prior art references indicated above or the prior arts made of 

record in form PTO-892, disclose all the limitations of claim I (the individual limitations may be 

found in a plurality of prior arts but there is no motivation to combine). Because no reference 

alone teaches all the limitations, nor is there any motivation to combine the prior arts to construct 

all the limitations of this independent claim, claim I is deemed patentable over the prior arts. 

Regarding Claims 2-7 & 21-26: these claims are allowed because of their dependency 

status from claim 1. 

Regarding Claim 8: The prior art of record to the examiner's knowledge does not teach 

or render obvious the instant invention, particularly characterized by a three-dimensional (3D) 

memory device, comprising: wherein each of the dummy source structures comprises a 

conductive contact 

The most relevant prior art reference due to Jeong et al. (Pub. No.: US 2016/0293622 

Al) substantially discloses a three-dimensional (3D) memory device, comprising: 

a substrate (Par 0055, Fig. 3 - substrate 100); 
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a memory stack comprising interleaved conductive layers and dielectric layers on the 

substrate (Par. 0057-0058, Fig. 3 - interleaved conductive layers 130, 135 & 138 and dielectric 

layers ll0); 

a staircase structure on one side of the memory stack (Par. 0057-0058, Fig. 3 - staircase 

structure (stepped structure) shown in region R2); 

an array of dummy channel structures each extending vertically through the staircase 

structure (Par. 0062-0065 & 0082-0085; see annotated Fig. I below - some of the dummy pillars 

DPI and DP2 could be considered as the dummy channel structures); and 

a plurality of dummy source structures each extending vertically through the staircase 

stack, wherein a subset of the dummy channel structures is surrounded by the plurality of dummy 

source structures (Par. 0062-0065 & 0082-0085, Figs. 1-3 and annotated Fig. - some of the 

dummy pillars DPI & DP2 shown in region R2 could be considered as the dummy source; 

dummy pillars of this prior art, like the dummy source of the instant application, function as a 

mechanical support; it is important to note that under BRI we are considering some of the 

dummy pillars DPl and DP2 as dummy channels and others as the dummy sources; a subset of 

the dummy channel structures is at least partially surrounded by the plurality of dummy 

source structures). 
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Additionally, the prior arts made of record and not relied upon are considered pertinent to 

applicant's disclosure. See form PTO-892. 

However, none of these prior art references indicated above or the prior arts made of 

record in form PTO-892, disclose all the limitations of claim 8 (the individual limitations may be 

found in a plurality of prior arts but there is no motivation to combine). Because no reference 

alone teaches all the limitations, nor is there any motivation to combine the prior arts to construct 

all the limitations of this independent claim, claim 8 is deemed patentable over the prior arts. 
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Regarding Claims 9-14: these claims are allowed because of their dependency status 

from claim 8. 

Conclusion 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SYED I GHEYAS whose telephone number is (571)272-0592. 

The examiner can normally be reached on M-F 8:30 AM - 5:30 PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Charles Garber can be reached on 571-272-2194. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

153988 

Bayes PLLC 
7590 10/26/2020 

1765 Greensboro Station Place 
Suite 900 
McLean, VA 22102 

APPLICATION NO. FILING DATE 

16/402,202 05/02/2019 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

Anna J. O'Connor (Typed or printed name) 

/Anna J. O'Connor/ (Signature) 

October 27, 2020 E-FILED (Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

WenyuHua 10018-01-0045-US 7288 

TITLE OF INVENTION: THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR FORMING THE SAME 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

GHEY AS, SYED I 2812 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-314000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 01/26/2021 

BAYES PLLC 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

YANGTZE MEMORY TECHNOLOGIES CO., LTD. WUHAN, CHINA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual IZl Corporation or other private group entity O Government 

4a. Fees submitted: IZlissue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

IZl Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

IZl The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 60-2227 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance wit!J,:37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 
,. I 

Authorized Signature ---,S-::;.,h.,_4,~fat~ Date 10/27/2020 
ii._.•• ;&,,~,,.-- ........ 

Typed or printed name --~Z=h~iw~e~i =Z=o=u~--------------

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Registration No. ____ 6_6_,_0_4_1 ________ _ 
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Electronic Patent Application Fee Transmittal 

Application Number: 16402202 

Filing Date: 02-May-2019 

Title of Invention: 
THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR FORMING THE 
SAME 

First Named Inventor/Applicant Name: Wenyu Hua 

Filer: Zhiwei Zou/Anna O'Connor 

Attorney Docket Number: 10018-01-0045-US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1200 1200 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 40964678 

Application Number: 16402202 

International Application Number: 

Confirmation Number: 7288 

Title of Invention: 
THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR FORMING THE 
SAME 

First Named Inventor/Applicant Name: Wenyu Hua 

Customer Number: 153988 

Filer: Zhiwei Zou/Anna O'Connor 

Filer Authorized By: Zhiwei Zou 

Attorney Docket Number: 10018-01-0045-US 

Receipt Date: 27-OCT-2020 

Filing Date: 02-MA Y-2019 

Time Stamp: 21:40:53 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1200 

RAM confirmation Number E20200QL41152265 

Deposit Account 602227 

Authorized User Anna O'Connor 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 

Micron Ex. 1002, p. 545 
Micron v. YMTC 
IPR2024-00910



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

290642 

1 Issue Fee Payment (PT0-85B) 
10018-01-0045-

1 
US_IFTransmittal.pdf 

no 
afe637f2a3281a46Sc41524ae207bc42c2e8 

Oeae 

Warnings: 

Information: 

30367 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
d 048b9 30f9d 53 3 23fad 265 eeffbcS 7 4cd3 cf 

c74 

Warnings: 

Information: 

Total Files Size (in bytes) 321009 

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

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Application Number 16402202 

Filing Date 2019-05-02 

INFORMATION DISCLOSURE First Named Inventor I Jivenyu HUA 
STATEMENT BY APPLICANT 

Art Unit 12812 
( Not for submission under 37 CFR 1.99) 

Examiner Name I GHEYAS, SYED I. 

Attorney Docket Number I10018-01-0045-US 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant 
T5 

Initial* No Number3 Code2i Code4 Date Passages or Relevant 
Document 

Figures Appear 

1 108886040 CN A 2018-11-23 SANDISK 
TECHNOLOGIES LLC 

NSTOF 
2 104157654 CN A 2014-11-19 MICROELECTRONICS 

CAS 

3 2018071143 wo A2 2018-04-19 MONOLITHIC 3D INC. 

EFSWeb2.1.17 
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Application Number 16402202 

Filing Date 2019-05-02 
INFORMATION DISCLOSURE First Named Inventor I Wenyu HUA 
STATEMENT BY APPLICANT 

Art Unit 2812 
( Not for submission under 37 CFR 1.99) 

Examiner Name I GHEYAS, SYED I. 

Attorney Docket Number 10018-01-0045-US 

SAMSUNG 
4 108695336 CN A 2018-10-23 ELECTRONICS CO LTD 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 16402202 

Filing Date 2019-05-02 
INFORMATION DISCLOSURE First Named Inventor I Wenyu HUA 
STATEMENT BY APPLICANT 

Art Unit 2812 
( Not for submission under 37 CFR 1.99) 

Examiner Name I GHEYAS, SYED I. 

Attorney Docket Number 10018-01-0045-US 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Zhiwei Zou/ Date (YYYY-MM-DD) 2020-10-30 

Name/Print Zhiwei Zou Registration Number ~6,041 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour 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. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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10/30/2020 Espacenet- search results 

Espacenet 

CN108886040A Three-dimensional memory device with short-free source select gate contact via structure and method of 
making same 

Applicants: SANDISK TECHNOLOGIES LLC 

Inventors: ARIYOSHI JUNICHI 

Classifications: 
IPC 

CPC 

H01L27l11565; H01L27/1157; H01L27l11573; H01L27l11582; 

H01L23/5226 (US); H01L27/11524 (US}; H01L27/11556 (EP,US); H01L27/11565 {EP,US); 
H01L27/1157 (US}; H01L27/11573 (US); H01L27/11575 (EP); H01L27/11582 (EP,US}; 

Priorities: US2017063478W 2017-11-28; US201715632703A 2017-06-26; US201762469618P 2017-03-10 

Application: CN 108886040A· 2017-11-28 

Publication: CN 108886040A· 2018-11-23 

Published as: CN108886040A;US10256245B2; US2018261613A.1; W02018164743A1 

Three-dimensional memory device with short-free source select gate contact via structure and method of making same 

Abstract 

Electrical short caused by misalignment of source select level contact via structure and support pillar structures can be 
prevented by modifying the pattern of the support pillar structures such thatthe support pillar structures are omitted from the area 
in which source select gate contact via structures are formed. The insulating layer at the level overlying the source select level 
electricallyconductive layer can have a sufficient thickness to prevent deformation during formation of the backside recesses. A 
minimum lateral separation distance between the source select level contact via structure and the support pillar structures is 
greater than any minimum lateral separation distance between the word line level contact via structures and the support pillar 
structures. 

https://worldwide.espacenet.com/patenUsearch/family/063445102/publication/CN 108886040A ?q=CN 108886040 1/1 
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~tt~J£fflm~w~~*M~MW*#H~ft~J1~~fil~ITTffl$ITT-~ITTffi*® 
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~~~m~~~~M~~~~~~~xStt~~Z~ITT-~ffi~*~~~*f~~ 

*~~~M~~~~~~~xStt~~z~ITTffW-~ffi~*~~~. 
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16. tlz1JJ5tJZ.lU~3K14JiJr~ITT1ff!, ~~: 
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~ * ~9I~ ~ 8 ~o ITT ~1m ~ ~1t1J14 o ~ti PT~ A~ -1::zz ffi 7, ~PT~~ iJLl ~o ~ti~ ~1t fil9 
ITT~T9i$:zzffi o±:zzffi7PT~~~~1t:zzffi oft-~~JJTh:iJLl~, ±:zzffi7PT~~1¥'-s1~~1t:zz 
00, ~~01¥'-s1~~1t:zzffi o 
[0035] ~O*Xfifr1f fflITT, "~~fJ14" ~1~A~ Nd. 0 X 10-6S/ cmlLl 1. 0 X 105S/ cmITTffill 179 

ITT~ ~$ITT1J14o ~o*xfiJr1lfflITT, "~~1t1J14" ~1~a~ ~i9:~~ti~1fLlITTti1JG r A~ 
Nd. 0 X 10-6S/ cmlLll. 0 X 105S/ cmITTffill 179 ITT~ ~$_ft-t?:ffl~ti~1fLl~3:l:tMi~~~~r 
j_:_Jl~ }}._l. OS/ cmfLl 1. 0 X 105S/ cmITTffi!I 179 ITT~ ~$ITTti~1J14ITT1J14o ~O*Xfifr1f fflITT, 
"~ti~JfLl" ~1~~~~~~1JolLl~~1iHa,tiJ 179 ITT1il'wITTP~ti~1fLl, mz~~~~~ -=f~JJolLl~~w 
ta,tiJ 179 ITT ~wITTn~ti~JfLl o ~O*Xfifr1lfflITT, "~~1J14" ~1~A~:::krl. ox 105S/ cmITT ~ 
~$ITT1J14 0 ~O*Xfifr1lffl ITT' "t~tt1t1J14" mz "~ * M1J14" ~1~A~ 1J\rl. 0 X 10-6S/ cm 
ITT ~ ~$ITT 1J 14 o ~o * x Jiff 11 ffl ITT , "m ti~~~ 1t1,t 14" ~ 1~ ti~~ JE ~ r,§1 ~ -=f 1;& & ITT ~ 
ti~1fLlrm~7'J~~fJ14 (ePA~:::krl. ox 105S/ cmITT ~ ~$) ITT~~1t1J14o "ti~~~1t 
fJ14" pJ~~mti~~~1t1J14' mz~PT ~~~ 13-tt1j¾}Al. 0 X 10-6S/ cmlLll. 0 X 105S/ cmITT 
ffill 179 ITT~ ~$ITT1!R&ITT ~ti~JfLl (ep, P~ti~JfLllo/mzn~ti~JfLl) ITT ~~1t1J14o "*1iE 
~ ~1t1J14" ~1~ :5Kti ~~ ~ ti~JfLl ITT ~~1t1J14 o l!I llt, ~ ~1t1J14 PT~~~~ ITT mz~ ~ 
~ITT,#_ftPT~~*fil~~~~Mmz~~~~~~~Mo*fflfr~~ITT~~~mITT~-=f~ 
& ,ti~~~1t1J14 PT~~~~ITTmz~ ~~ITT o ~o*xfiJr1lfflITT, "~~1J14" ~1~~~~ 13-
~&-#~~~•ITT~~~Mo ~~$ITT~~~;~a~m~#r*~ITT o 
[0036] fflr~rll ~j~ITT~&-~~~1t:ff1tf:700 (:5KJFt±:!) PT~%P>Gft~~1t1J14fil9ITT 
$73\._t o~&-~~~1t:ff1tf:PT~ ~ 13-1YLl~o:tm~~ms11t'l'f o iJLl~o, PT~iffittti~Ll~tlz ~~1t 
fil9 ITT w 7)\. *a~~ vu~~* M 1J14*% P>G ~ &-~ ;;j ;;1g 1t ~~ ~ ta ,tiJ 120 0 tJJJH& ~ * M fil, 
~&-~am~~fil~amm~1tMfilPT~~%fflGa~~~~~filgz_t,#_ftPT~~m 
ti00~1t, ~%fflG~&-~81JHa,tiJ (150,152,154,158) .~~ITT{ij-~PT~~13-8tlk~ft 
M150,8~tlk (152,154) l081Jk~\'1/~1'tMl5808~1Jk (152,154) PT~~13-~-8~1Jk$73\. 
1525¥0~=8~1Jk$73\. l54ITT:l:iii:1to PT ~iffittvU~lO~ri'D f'f tt:l:tl!ti~Ll ~ ft MHm*a~& 
-~81Jkta,tiJ (150,152,154,158) J1'u!l%fflG~&-~81JkfaJ ~~1t156o PT~ iJLl~oiffitt*ffl~ 
y-~81Jkta,tiJ (150,152,154,158) 1f 7'1111ttlta,t1J* 51 A~ti~JfLl, *~~~~IX 130%fflGft 
~ti ~~1tfil9ITT _t $$73\.~ o PT~ ~iw*fflj)ff 1JoITT111t~lL~~IX 130PT~ ~ 15:tm~~ms11t 
'l'rITT~1Jk!X~lOi,m1Jk!X~ 0 pJ ~ pJ :lzUtl!%fflG~-~ * MHm1615f0~=~ * Mt1m162 0~ 
-lo~=~* MHm (161,162) ~ ITT{ij-~PT~~*li•1itmfil,i!JR1ttmfil,lo1mz~* 
M~~-1ttmfilo ~o*xfiJr1lfflITT, li•1ttm~ 15=•1tli~lz~F1t"I=it ;ITTli-1ttm, ~F 
~"¥=it;ITTli•~~~{ij~li~-=fA~$rmz&r~~ITT-~-=fo=•~li~tt~ITToft 
i,£ a)j tl:JFiJLl ~ , ~ - ~ ft M Hm 161 PT~ ~li-1t tm fil, #_ft~=~ ft M f1 m 162PT ~~it 
ffl~~filo*ll~~ITT~&-~~~~:ff#PT~13-~~~ffl%fflGITT~~:ff:ff#ITT~~:ff~ 
j~, ~1ii :ff:ff{tf: pJ ~ ~ 13-~d;--~NAND;ff{tf: o 
coo31J ~~oli•1ttmITT~ * M1J14 PT~timt~a~&-~~~1t:H1tt:z_t ,# _ft PT~~ 
ffltif:l:B 1t~%fflGf:l:B 1t~ 1t Mfil 17ooa-~~JJTh:1JLl~, f:l:B 1t~ 1t Mfil 170ITTf:l:B 1tITT 
T9i:zzffipJ ~1:5~ * MHm (161,162) ITTT9i:zz[filj¾[fil O ~m 'f:l:B 1t~ * Mfil 1705¥0~ * MH 
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m (161,162) pJ ~ti1')dxt~JU$~*' ~ tm:EJ.~ft~tR ~~{tfil9ITTTP1:zz00 0 ~□*XfiJT{lfflITT '~□ ~* oo 1:5 Jll ~ mz ~~ t§ t,t 14 ( ~ ~□ ~ ~) tm:EJ. 1ltE11, IJ!U * oo ~ "tm:EJ. ~ ft" ITT 0 

coo3sJ ~□~ PT :l&ITT ~~1tt,t14fil 1ot¥fr, IJ!Llfr%fflG~d>-~~~1t:H1tt:7oozfrTmz~z 
ffl,pJ~~ttrn:l&~tt*M*m~•~~~~~M*®fr~~~~~fil9ITTffi:zz00L%fflG 
pJ :i&ITT ~~{ttJ14 fil 10 0 ml~ITT ~~{ttJ14 pJ ~ ;t§~ rmz~PT ~::;;r-~ T~tR ~~{tfil9ITT 
~~{ttJ14o ~tR ~~{tfil9~□ L?JT:t1o ~~{ttJ14fil lOITT •si~~{ttJ14 pJ~ !5~tR ~~ 
{tfil9ITT .s1~a~~r Mx111L PT~ 1JU~o~tt1t"f=i'JlrJf!Gf:1:E31t (CMP) *t$~*mt~ITT~~{ttJ14 
ITT{V:rf:IB1t~ ft ~fil 170ITTTP1:zz00ITTL1JITT$7J\. ofri3:t~ti1JG r, ~~1ttJ14fil lOPT~A 
~ 1:5 f :IB 1t ~ 1t ~ fil 1 7 o ITT r,m :zz 00 j¾ 00 ITT r,m :zz 00 o 
[0039J ~d>-~~~1t:H{tf:700ITT IX~ (ep, IX) fr*X~ l~7'J~rll:ff1tf:IX~200o ~ ~ !lJ11 
ffl%fflGt¥{ii:ffl45Ll ITT IX~fr*X~ l~7'Jf¥{ii:ffl45Ll IX~lOOo PT~frf¥{ii:ffl45Ll IX~1005f□ 
~r 11 :Hftf: 1X~2oozraJ 1t1j¾ fflr!lJ11ffl%fflG~ ~filITT~fri'trt:i't'El' ITT1itE111X~3oo o PT :i&:1:tl!, tJJJr 

ti~ ft ~fil 12PT~%fflGfr~~1ttJ14fil 105f□f:IB1t~ ft ~fil 170ITTL1J oiffltl~ft ~fil 12 
PT~~1JU~□li-1ttmfiloiffltl~ 1t ~fil 12ITT JJttPT~fr1'A3nmlLl30nmITTffill P9, lirt~PT~ 
* ffl :~>J\ 5¥□ J!jc ITT JJ Lt o 
coo4oJ ~~002,5t~ITT$~ffi-tJ14fil (~PT~~M~~ffil32) 5¥□ ffi=t,r14fil (~PT~~~ 
tU,t 14 fil4 2) ITT :l:i ii: {t % fflG fr ~ti ITT J,91 :zz 00 ZL , ~ PT ~ ~ iJU ~□ friffl ti~ 1t ~ fil 12 ITT J,91 :zz 
00 Lo ~□ *XfiJT{lffl ITT, ";t,r14fil" ~t~fr~f'f1t~1t~ 13-;t,r14ITT fil o ~□*XfiJT{lffl ITT, 5t ~ 
ITT$~ffi-~#~ffi=~#~ffiffi-~#ITT~~~ffi=~#ITT~~fr~~:'x:~ITT~~offi 
-~#ITT7f-~5t~ITT$~#ITT~$~#ITT~~~~fr~rurnffi=~#ITT~~~~®~,H 
ffi=~#7f-~5t~ITT$~#ITT~$~#ITT~~~~fr~~rnffi-~#ITT~~~~®~offi 
-~#fr~~PT~A~ffl~ITTJJtt,mz~PT~A~7f-~ITTJJ&offi=~#fr~~PT~A~ 
ffl~ITTJJtt,mz~PT~A~7f-~ITTJJ&o:'x:~ITT$~ffi-~Mfil~ffi=~MfilPT~~ffi­
~MfilITT~~mz~~ffi=~MfilITT~~*~'*HPT~~ffi-~MfilITT~~mz~~ffi=~ 
MfilITT~~~~ofr-~~~~~,ffi-~#ITT~~~ffi=~#ITT~~PT~%fflGfr:'x:~ITT 
$ ~ {tf: P9 ~ Jt,JHi:1:tl! m 2l ITT • ~ o 
[ 0041 J ~~ ffi-;t,t 14 fil~ 13-ffi-;t,t 14, # H ~~ ffi =t,t 14 fil~ 13-7G ~ r ffi-t,r14 ITT ffi = 
;t,r14 o fr-~~~ iJU ~ , ~~ffi-tJ14 fil PT~ ~M~~f fil32, # H ~~ffi =t,r14 fil PT~ ~~ti: 
;t,r14 fil o fri3:t~tt 1JG r, :l:iii:{tPT ~ ~ 13-:'x: ~ ITT $~M~~ffil325f□~tl:;t,r14 fil42, # H~ fflG ~ 
trS~~~ffil325f□~tUJ14fil42ITT jt ~ filITT ~~:l:iii:{t O ~□*XfiJT{lfflITT' "~~" ~a~mz~ "~ 
~~,,ITT~~~ffiM~~~.~M~~~!lJ11fflfr~~~d>-~ffi#ITT%~mzfflG*L~~ao 
coo42J 5t~ITT$~1tf:ITT:1:iii:1tfr*X~l~7'15t~:l:iii:1t (32,42) ofr-~~~iJU~ ,:'x:~ 
:l:iii:{t (32, 42) pJ~ ~ 13-rn ffi-tJ14~fflGITT~~~ffil32~2zrn ::;;r-~ T~~~ffil32ITTtJ14ITTffi= 
;t,t 14 ~ fflG ITT~ tU,t 14 fil42 o ~~ ~i fil3 2 ITT ffi-;t,t 14 PT ~ ~~ d>-l~ ~~ ~f ;t,t 14 o ffJtllt ffi g , ~ ~ 
~~ ~ifil 3 2PT ~ ~~~ ~f ;t,t 14 fil o PT~ ffl r ~~ ~i fil3 2 ITT~~ ~f;t,t 14~ 13-{s 7G ~~ r li• 1t tm ( ~ 13-
ti~ 5¥□ :5K ti~ ITT tit WJUt Jlz ~) , liffl 1t tm , it m• 1t tm , ~ ,t}l tit WJUt Jlz~ ( OSG) JjJt 1* ~ 1t ~ 
t,t14,~,m,t~7'Jr,5J*~ ,m,if (r,5Jk) ~* ~•1ttm (1JU~oig•1ttm,~•1ttm~) ITT~*~~~ 
• 1t tm lz~li WJHk' ~ * ~ ~ ~ffl-1t tm 2z ~li WJUt' ~ 2z ~ ,t}l~~ ~f;t,t 14 0 fr-~~~ iJU 
~ , ~~~ffil32ITT ffi-t,r14 PT~ ~li-1ttm o 
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[ 0043 J ~ tl:;t,t 14 fil4 2 ITT ffi =t,t 14 ~PT~ x1 M~ ~1fil 3 2 ITT ffi - ;t,t 14~ :l& 11 t!::1:tl! tit$~* ITT~ 
tl~M.~*x~~fflITT,~*t$~I~;f$~ffi-~MITT~$~&~fflrffi=~MITTt$~ 
ITT~$ , IJ!Ll ffi-;t,t 14 ITT t$ ~* ~ "x1" ffi = ;t,t 14 "~ :l& 11 ti:" ITT . ffi-;t,t 14 ITT t$ ~* ITT~$ 1:5 ffi = 
~MITTt$~ITT~$ITT~$ft*X~~~ffi-~MITTt$~I~x1rffi=~MITT~~~. 
[ 0044 J ~ tU,t 14 fil42 PT~ 'EL trS~~ ~1;t,r 14, ~ ~ {t;t,t 14 mz ~ ~ ~ ;t,t 14. ~ tU,t 14 fil42 ITT ffi 
=t,r14 PT~ !lJ11 J§ ti ffl ~ ~ ~ ti~ 1~ , ~ ~ ~ ti PT~ iJLl ~o JEQJU ¥ 1LNAND:ff {tf: ITT 1~ tLltJlfr ~ ti ITT 
:c}J~~. ffi =t,r14 ITT ~F ~~ tLl t!:JFiJU'EL 13-titffl 1t tm, ~F s1 ~ ~1tt,t14 ( ~ ~□ ~F s1 tit) 5¥□ $ s1 ~ ~ 
1tt,t14 ( ~~□ $ s1 tit) . a-~~ JJTh: iJLl ~ , ~tUJ14 fil42PT ~ ~'ELt§ titffl 1t tm ITT mz~'EL 13-tit 
~ffi~ITT~&-~ITT~~~~MITT~~~~Mfil. 
coo45J a-~~JJTh:iYu ~, ~~~1fil32PT ~ 'EL 13-tit•1i1m, * ll~ttt,t14fil PT~ 'EL 13-titffl1t 
tm ~ tUJ 14 fil O pJ ~ iJLl ~□ 83 1t "¥= ~ ;t§ ml~ ( CVD) *ml~~~ ~1fil32 ITT ffi-;t,t 14 0 iJLl ~□ ' ~□ *tit 
•1ttmfflr~~~1fil32, IJ!Ll~titWi[9 ZJ1i~ (tetraethy 1 orthosi licate, TE0S) pJ~ffl{fCVDI 
~ ITT frr~IR {ttJ14 0 pJ ~ iJU~D 83 cvomz~ ~ -=f filml~ (ALD) *% fflG~tUJ14 fil42ITT ffi =t,r14 0 

[ 0046 J PT ~ ~ 3 :1:tl! 00 ~ 1t ~ tU,t 14 fil4 2 , 111~ :imtt ~ tU,t 14 fil4 2 ITT~ 1~ !lJ1I Fo % fflG ITT~ ~ 
;t,r14$7J\. PT ~JEQJLJ ~~~ti (~~D!lJ11J§r%fflGITT 1¥'-J=, - tiNAND $t¥{ii:ff:ff{tf:ITT:f~tLltJlfr~tl) 
ITT :c}J~~. ~tUJ14 fil42PT ~ 'ELt§ Ji~~~ _t f ff rlHJzITT -1::zz 007M {$ITT~% ITT $73\.. 
[0047J ~~~1fil325f□~tUJ14fil42ITT JJ&PT ~fr1'A20nmlLl50nmITT mll P9, lirtm PT ~X't{ij 
~~~ ~1fil32 5¥□ X't{ij~~ tU,t 14 fil4 2 * ffl :~>J\ mz £:::k ITT JJ Lt . ~~ ~1fil32 5¥□ ~ tU,t 14 fil ( iJLl ~□ , 
1~ tLl tJlfr ~ tlmz ~ ~ tUJ 14 fil) 4 2 ITT x1 ITT m 21[ ITT tf § PT ~ fr1'A 2 JU 10 24 ITT ffi [117'] , :3f Jl ~ ~ :1:tl! 
~1'A8lLl256' lirt~PI~*ffl£:::ktf § ITT m2l O :l:iii:{t~T,91$ITT 5f□ ~$tJlJr~tl pJ~,EQfLJ:i& 
1ltJlfr~tlITT:C}J~~ .a-~~JJTh:iJLl~, 5t ~:l:iii:1t (32, 42) ~ ITT{ij~~tUJ14fil42PT~Ji~a 
{ij~ ;t§ fl ITT~ tU,t 14 fil42 P9 ~ ~ _t 7G ~ ITT :l:?J >J ITT JJ Lt . 
[ 004s J f?. ~ * ffl ~ ~ l'aJ ~~ {t;t,t 14 fil ~ !lJ11 Foti~ ~ fil ~ 1~ ITT~ ti: ;t,t 14 fil4 2 ITT~ JJTh: iJLl * fa3 
:t1* 0 7f , fs ~* x l3}j 11Jfl :1:tl! 1~ ~ T ~ ~ ~ tU,t 14 fil % fflG ~ ~ ~ fil ITT~ JJTh: iJLl • fti3:l~ ti 1JG r , 
ffl~~fil~~~~~~MfilITTW~PT~~~. 
[0049J PT :i&:1:tl!, ~~~1~1'11 fil 70PT ~%fflGft5t ~:l:iii:{t (32, 42) z__t. ~~~1~\'1/fil 70'@113-::;;r-~ r 
~tUJ14fil42ITTtJ14ITT ~ ft ~tJ14 .a-~~JJTh:iJU~, ~~~1~\'1/fil70PT ~ 'EL 13-PT~ fflr~o_t 
JiJTJ1ITT ~~ ~1fil32 ITT~ ft~ ;t,t 14. ~~ ~1 ~1'11 fil 7 o PT~ Ji~ b~ ~~ ~1fil 3 2 ~ ITT {ij-~ £:::k ITT JJ Lt. 
~~ ~1 ~1'11 fil 7 o PT~ 1Yu ~□ 831t "¥=~ t§ml~* ml~. a-~~ JJTh: 1Yu ~ , ~~ ~1 ~1'11 fil 7 o PT~~ tit• 1i 
tmfil. 
[0050J ~~003, ~fri'Jrt:~~PT~%fflGfr1itEll!X~30017'J, :fitEll!X~300{irrttfii:ffl45U IX~ 
1005¥□13-~ ~rll ~g~ITT ~&-~~~1t:H1tf:ITT ~rll:Hftt:rx~2oozraJ. ~fri'trt:~~PT ~Ji~~ 
l~ ~fr i'J rt: :zz 00 , 111~ ~fr i'J rt:~~ ITT 7J( f ~ 00 % ~ 1t ~ ge: lHJz 1 o ITT r,m :zz 00 ITT ¥ 1L ge: ~ ITT Bl§ tf ~ 
Wr'J:~ .a-~~JJTh:iJU ~ 'pJ ~:imttmJ[;lt!:ff I ~W!JIITTfflif*%fflG~fri'Jrt:~~ 0 I ~W!JIITT 
fflifPT~'E113-,~~ffi-~~ITT~~I~~ffi=~~ITT~~I~,ffi-~~ITT~~I~~ 
~ITTatt¥1L~~~-~mzg;~~,ffi=~~ITT~~I~ffi~~~Afr!lJ11J§rITTffi-~~ITT 
ti~UI ~ ~ ~~¥1L:1:tl!ti~UITT00l~. ~□ *XfiJT{lfflITT, 'EL 155t ~ITT$ 5G{tf:ITT~a~ITT "~" JEX 
~~~17'JITTffi-~Mfil~ffi=~MfilITTx1ITTfflx1~I. 
coo51J a%fflG~fri'trt:~~zm, jt ~:1:tii:1t (32, 42) ITT ~r II W7J\.ft%fflG~fri'trt:~~zm PT~ 
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Jl~~fri'Jrt::zzOO o ~□*XfiJT{f J=l=HI~, "~fri'Jrt::zz 00" ~t~~ 13-~d> W3~7-k f:zz 00 lO~d> W3~ 
¥H:zz00ITT:zz00ITTffl~,~~~~Jj(f:zzOO®~rM7-kf:zz00ITTffi-m•~Lfil~ITTffi­
¥ H:zz 00' * Jl4~tir ,A,AJj( f :zz 00 ITT ffi =m~t ~ r M 1$ ITT ffi = ¥ H:zz 00 0 "~fri'Jrt:~~" ~1~ 
Jl~~fri'Jrt::zz 00 ITT~~ o 
[0052J i'J'El' IX~iffitt00~1t5t ~Jiii:1t (32, 42) %fflG o:'x: ~j:fii:1t (32, 42) 179 ~* T ~J,91$ 
ITT!trH1iJ14fil42Z~rITT~~~tE1J14fil42b~:'x: ~j:fii:1t (32, 42) 179 ITTL OOITT ($~) ~tUJ 
14 fil4 2tl ~ :l:tl!M 1$ 1~ £fil o i'J 'El' IX~~ 13-5t ~ j:f ii: 1t ( 3 2 , 4 2) ITT ~fri'J rt: :zz 00 , ~fr i'J rt: :zz 001'A 
5t ~j:fii:1t (32, 42) 179 ITT~~$fil3i~i:l:tl!M1$iLl:'x: ~j:fii:1t (32, 42) 179 ITT~T,91$filo 
coo53J PT ~imttfr~fri'Jrt:~~ ~mt~~ 1t M1J14 ITiJfr~fri'Jrt:~~ ~ %fflG{iuil3~fri'Jrt: ~ 1t M 
fJ 14 $ 7)\.6 5 ( ep ~~ ~i j:JtftJJ 14 $ 7)\.) 0 iJU ~□ ' ~~□tit-1t !tm ITT ~ * M fJ 14 pJ ~ mt~ fr ~fr i'J A 
~~ ~ 0pJ~831t"f=,tJlrJf!Gf:IB 1t (CMP) *"'A~~~i~\'11 fil 70ITTTP1:zz 00 L7Jt$~*JiJTmt~ITT ~ * M1J 
MITTffllliW*o~ft~Wrt:~ITT~m~ITT~1tM~MITT~~W*~fflGfflil3~Wrt:~1tM~ 
14$7)\.65 o ~□* XJiJT{l ffl ITT, "1iuil3~fri'Jrt:" 5G1tf:~t~ Jl~~fri'Jrt::zz 00 loft 7'Jli!e5G1tf: JiJrfr ITT 
~~ITTffi:zzOOITT¥H~~ITT~~w•~~~~ITT7-kfaOO~ITT5G#o~*li•~~fflrffl 
il3,~fri'J rt:~ ft M fJ14 $ 7)\.65 , IJ!Ll {iU il3,~fri'J rt:~ ft M fJ14$ 7)\.65 ITT li• 1t !tmPT ~ti~~ mz ~ 
pJ ~ 7f-ti~~ ~~DB ,P5fO/mzFITT ti~:1rn 0 
[ 0054 J PT :i&:1:tl! , PT ~ ~ tt ~~ ~i ~\'11 fil 7 o lo~ tU,t 14 fil4 2 ITT fir r i,m tlk:l& 11 ~~ITT -=f ffl *% fflG 
i,m1Jk:l&1l~~~ ~~a~72o PT~imtt%fflGi,m1Jk:l&1l~~~ ~~1gtl:3t llffl~~□li-1t!tmITT ~ 1t M 
1J 14 j:Jt ft i,m tlk:l& 11 ~ ~~ ~ ~1g ti*% fflG i,m tlk:l& 11 ~ ~~ ~~a~ 7 2 o PT ~ 1'A ~~ ~i ~\'11 fil 7 o ITT J,91 :zz 00 
ITT L 7J t$ ~* ~ 1t M 1J 14 ITT ffl lli $ 7J\. o 
[0055] ~~004A-4D, ~d>~ 13-:3/t~Ll~1filITT:3/t~Ll1J14Jiii:1t (:5KJF lli) PT ~1Bz:%fflGfr~~~i 
~\'1/fil705fO{iUil3~fri'Jrt:~ ft M1J14$7J\.65ZL, :ff Jl PT~ti:3/t~Ll:1:tl!00~1t~fr~~%fflG3f 
D o3f D ~ 13-%fflGfrff{ii:ffl45U IX~100ZLITT3f D ITTffi--=fffllO%fflGfrtitElllX~300ZL 
ITT3f □ ITTffi=-=fffloPT~rn~OO~~ITT:3/t~~M*ii:~ffl~~~~fflITT~d>-~~~~tt 

ti~Ll , * ~ tt~~ ~i ~\'11fil70 mz {iU il3,~fri'J A~ ft M fJ14 $ 7)\.6 5 :3f ~ rl:'x: ~ j:f ii: 1t (3 2 , 42) *n 
;f$:3/t~LlfJ14Jiii:1t~ ITT 00 ~ 0 ~Llti:'x: ~j:fii:1t (32 '42) ITT fr00 ~1tITT:3/t~LlfJ14Jiii:1tITT 7T 
D rOOITT $73\.' ~%fflGff{ii:ff3f □ 495f03zJl3f D 190 ~□*Xfi)T{f ffl ITT' "ff{ii:ff3f D" ~t~fr 
~ ~ !lJ11 m % p)G ~~□ff {ii :ff j:f ii: 1t ~a~ ITT ff {ii :ff JG {tf: ITT ~a~ 0 ~□ * }( Ji)r 11 ffl ITT ' "3t ti 7T D " 

~ 1~ fr~~ !lJ11 m % )J)G,t}l fffiGX ti ~{te.5G {tf: ITT 3t ti ~a~ ( ~ ~□ 3t tltHa ~) ITT ~a~ 0 ~ tt ff {ii :ff 
l45Ll1X~100~ ITT~~~i~\'1/fil705f0:'x: ~j:fii:1t (32 ,42) ITT!rf1t*%fflGff{ii:ff3f o 490 ~tt1itEll 
IX~3oo~ ITT1iuil3~fri'Jrt: ~ 1t M1J14$7J\.655f0:'x: ~j:fii:1t (32, 42) ITT fr~fri'Jrt::zz OOrOOITT 
$7J\.*%fflGxtl3f D 190 
[0056] ff{ii:ff3f D 49frff{ii:ffl45U IX~lOO~ M1$~rl5t ~j:fii:1t (32, 42) ITT~filoxtl 
3f D 19M1$~rl:'x: ~j:fii:1t (32, 42) 179 ITT filITT-=ffflo PT ~fri'J'El' IX~~ ~tt{iUil3~fri'Jrt:~ 
1tM1J14$7J\.65,%fflG3ttl3f D 19ITT±~ (predominant)-=fffl ($r50%) mz~Wofflrti~Ll 
~tt:'x: ~j:fii:1t (32, 42) ITT1J14ITT~:r,m~t!:ti~LlIZ:ITT1t"f=ttfiPT~:'x: ~, ~~1Jt1t5t ~ 
j:fii:1t (32 ,42) ~ ITTffi-loffi=1,r14ITTti~Llo~~ ~tHi~LlPT~~iJu~o-*5U&fI~-=fti 
~Lloff{ii:ff3f D 495f03ttl3f D 19ITT{~Ll~PT~~ML~¥HITT, mz~PT~~ffi%ITT o PT~ iJLl~o 
iffittB< 1t , !lJ1I Fo t$ ~* 00 ~1t ITT :3/t~Ll 1J 14 j:f ii: 1t o 

12 

Micron Ex. 1002, p. 563 
Micron v. YMTC 
IPR2024-00910



CN 108886040 A 8/211Jr 

[0057] PT~ ~tttJlJHJk~ ft ~fil 127!0l~mGtt{ii:ff3f D 495f03zJl3f D 19, {f1~t¥{ii1:ff3f D 49 
5¥0 3zJI 3T D 19 ,A,Ajt ~ j:f ii:{t (32 , 42) ITT Tutzz 00 ~ d> M {$ JU 'EL 13-~ ~{ttJ14 fil 10 ITT~ J,91 $ :zz 
00 ITT 7]( ff 00 o fr~~~ JJTh: iJLl ~ , fr~~ {t;t,t 14 fil 1 o ITT J,91 :zz 00 tm :EJ. ~ ft fr 4ij ~ t¥ {ii :ff 3f D 
495fO{ij~JzJl3f D 19ITT ~$~zJ§, PT~ PT :i&:1:tl?.Jt!:ff JU~~{t;t,r14fil 10~ ITTttti~U orlti 
~u pJ ~ fr;f$ ~* -jt ~U;t,t 14 j:f ii: {t zfrT mz ~ zj§ Jtt1T O ~ § z' ~ ~ {t;t,t 14 fil 10 ITT [!J_] ~B ITT* 00 
PT ~ 1'A ~ ~ {t;t,t 14 fil 10 ITT * [!!] ~t ITT r,m :zz 00 ¥ 1L :1:tl?. {ffia t$ [!!] ~t 1* Lt o [!!] ~t 1* Lt PT ~ iJLl ~o fr 1'A 
1 nmJU 50nmITT ffi II P9 , lirtJ:E PT~ *J=l=f~>J\5¥0£:::k ITT[!!] ~t1*Lt o ttti~U~ PT :i&ITT, Jt 1l PT~ 
~'Bit O ~o~::;f Jt!:ffttti~U' IJ!Ut¥{ii:ff 3f D 495f03zJl3f D 19ITT ~* ffipJ ~ l:5~~{ttJ14fil 10 
ITT~ J,91 $:zz 00 ~ 00 o t¥{ii1 :ff 3f D 495¥0 3t ti 3f D 19 ~ ITT 4ij~~ PT~ 'EL 13-~ ~ _t ¥ 1L r~tlz ITT 
~ J,91 $ :zz 00 M {$ ITT {~Ll~ (mzg; ~{~Ll~) o t¥{ii1 :ff 3f □ 49 ITT= ti 14 5Ll PT~% mGfr t¥{ii1:ff145Ll IX 
~100~ o3ttl3f D 19ITT=tll45LlPT~%mGfrtitEll!X~300~ o~fR~~{tfil95fO~~{ttJ14 
fil 10~~:l:fil~mG~tR (9, 10) , ~PT~~~~{t~i'Ro~{~:1:tl?., ~~{t;t,r14fil lOPT~~"Blt, :ff 
ll t¥{ii1:ff3fD495¥03t ti 3f D 19 PT~ M {$ JU ~ti~ ~{t fil9 ITT J,91:zz 00 o 
[0058] 5t ~j:fii:{t (32, 42) ITT~fri'Jrt::zzffi'EL 13-4~tir7]( f:zzffi (ep, ~fri'JITTT,91$) HITT ¥1L 
~fr i'J s O 4ij ~ ¥ 1[ ~fr i'J s ITT J,91 $ :ill ~i ( ep ' ~fr i'J ITT {~Ll 00) pJ ~ 3l!Jl JU _t 7]( f * 00 ITT :ill ~i ( ep ' ~fr 
i'JITTT,91$) '* _§_ {ij~¥1L~fri'JSITT ~m~f pJ ~JlHlJUr 7]( f:zzffiITT:ill~i (ep 'rffiITT~fri'JITT 
J,91$mz-§-~fr (staircase) ITT ~:zzffi) ofr~~JFiJLl~, ¥1L~fri'JSPT~ ¥1L f~~7](f7:f fPJ 
hdl ( iJLl~o, '¥~7:f [PJ) , 5t ~j:fii:{t (32, 42) ITT filITTi'lfPJ ffill m~~~Jj( f 7:f [PJ hdl~{,L fr 
~~JFiJLl~ ,{ij~~fri'JPT~'E113-~~M~~ffil325fO~~~tUJ14fil42o 
[0059] fr Yi~ PT:i&JFiJLl~, ¥1L~fri'JSITT~~-=f~PT~¥1L f~~Jj(f7:ffPJhdl, :ff Jl¥ 
1L~fri'JS ITT Yi~-=f~ PT~¥ 1L r~ =7]( f 7J fPJ hd2 ( iJLl ~o, {ir~ 7J fPJ) , ~ =7]( f 7J fPJ hd2¥ 1L 
r ~ ~ 7]( f 7J fPJ h d 1 o fr llt ~ JJTh: iJLl ~ , PT ~ ~~~~~fr i'J rt: :zz 0011Hj¾ 7'J 1:5 ~=~fr i'J rt: :zz 00 ;t§ 
4~ , ~ ~~fr i'J rt: :zz 00 fr {ij~¥ 1L ~fri'JS~ m ~ ~ ~ 7]( f 7J fPJ r'J: ~ W3 ~~~ ~ifil 3 2 5¥0 W3 ~~ ti: 
;t,t 14 fil4 2 ITT r,5J Lt , ~=~fr i'J rt: :zz 00 m ~ ~ ~ 7]( f 7J fPJ h d 1 r'J: ~ W3 ~~~ ~i fil 3 2 5¥0 W3 ~~ tU,t 
14 fil4 2 ITT r,5J Lt o ~ ~ ~fri'J rt: :zz 00 ITT 7]( f :zz 00 ITT~ PT ~ 1'A~ = ~fr i'J rt: :zz 00 ITT 7]( f :zz 00 ITT~¥ 
1L 1ffia t$ ~ x1 ~~ ~ifil 3 2 lo~ tU,t 14 fil42 o 
[0060] fr 00 4C5f0 00 4D ~ JiJTJF ITT JFiJLl ~ , {ij~¥ 1[~fri'JS1:5 W3 ~ fr~ =7]( f 7J fPJ hd2_t;t§ 4~ 
ITT¥ 1L~fri'Jt§ & W3 fil ( iJLl ~o, ~~~~~f fil325fO ~~~tUJ14 fil42) o ±3:% mG W3 ~~fri'Jfr~ = 
7]( f 7J [PJ _t {ffia;f$p;};j filITT mJ[ 00~' ~o 004D JiJTJF O fr 004C~ JiJTJF ITT lltJFiJLl ~ '7]( f:zz 00 (ep '~fr 
i'JITTT,91$) H2frp;};J fil ( iJLl~o, ~~~~~ffil325fO~~~tUJ14fil42) _t 00, 7]( f:zzffi (ep, ~fri'JITT 
J,91$) H4~§ frlJ]fil (iJLl~o, pij~~~~ffil325fOp;};j~~tUJ14fil42) _too ,Jj(f:zzffiH6~§ fr/\ 
fil _t 00 , 7]( f :zz 00 HS~ § fr A fil _t 00 , 7]( f :zz 00 H1 o ~ § fr+ fil _t 00 , ~ llt~tttL fr llt JF iYLl 
~ , {ij~¥ 1L~fri'JS1:5 W3 ~ fr~ ~7]( f 7J fPJ hd 1 _t;t§ 4~ ITT¥ 1L~fri'Jt§ & IJ] fil ( iJLl ~o, W3 ~~~~i 
fil325fOW3~~tUJ14fil42) o?lrm, J:EPT~*ffl~{m~fri'JWclL 
[0061] ,~;t{t_t, PT~m~~=Jj( f 7J[P]hd2tl{j¾N (~~N~:::kr*ITTf'Elf) ~~fri'Jrt::zzffi, 
{f 1~N ~~fri'J rt::zz 00 ~ ITT 4ij~~ fr¥ 1L r ~ ~ 7]( f 7J fPJ hd 1 ITT {ij~¥ 1L~fri'JS~ m~ ~ ~ 7]( 
f 7J fPJ hd 1 r'J: ~N ~~~ ~i fil3 2 5f0N ~~ tUJ 14 fil4 2 ITT r,5J Lt o N ~~fr i'J rt: :zz 00 ITT 1[ ,~;t 7'J ~ tUJ 14 
fil42ITT{ij~Ji{j¾Jj(f:zzffiHo iJLl~o, ~O~N= 3, IJ!Ufr~=Jj( f 7J[P]hd2_t PT~ttfr- ~¥1L~fr 
i'JSITT mJ[OO~, ~~ ;t§4~¥1L~fri'JszraJ ITT{ij~~frftr,5J &fr~~Jj( f 7:f [P]hdl_t;t§& - ~ 
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M~~ffil32lO- ~~t!J,r14fil42 U;tt:¾/\fil) o 
[ 0062] ~ rtom ~ tliJ 14 fil 4 2 x1 m T ~ tlk :lztrl tJlfr ti~ 0 fr~~ 7F iYLl ~ ' ~ ~ $ ~ tliJ 14 fil 
4 2 ITT 7]( f Tutzz 00 ITT ti tEll {iLl il3 ~fr i'J A~ ft mtM 14 $ 7)\.6 5 ITT ti tEll IX~ PT ~ :::k r ~*~~$~ti: 
;t,r14fil42Z~r ITT~tUJ14fil421:5{iLlil3~fri'Jrt: ~ 1t ~;t,r14$7J\.65zl'aJ ITT 1f1PJtitElllX ~ o 
[ 0063 J fr ~~JF iJLl ~ , ~~ $~ tUJ14 fil42 ITT 7-k f r,m :zz 00 ITT titEll IX~ ITT IX~ PT~ 7G 13-~ 
jjJt ITT {f {PJ 3t ti 3f D 19mz t¥{ii :ff 3f D 49 o fr ~~JF iJLl ~ , ~~ $ ~ tU,t 14 fil42 ITT 7-k f J,91 :zz 
00ITT7f-13-~jjJtITT1f1PJ3ttl3f D 49mzt¥1ii:ff3f D 49ITTtitElllX~ITT IX~PT~ 'EL 13-l:5¥1L r 
~~7]( f 7:f fPJ ITT ¥1L~fri'JSt§ti (border) Jll:5W3~¥1L~fri'JSITT ffff~~Jj( f 7:f fPJ hdl ITT 
IX ~;t§ ti ITT IX~ o frllt ti 1JG r , ~~ $ ~ tl:;t,r14 fil4 2 ITT 7-k f J,91:zz 00 ITT 7G 13-~ tt~ ITT 1f 1PJ 3t 
ti 3f □ 19 ITT titEll IX~ ITT IX~ PT ~ 'EL 13-~ ~ $ ~ tU,t 14 fil4 2 ITT 7-k f J,91 :zz 00 ITT ti tEll {iLl il3 ~fr i'J 
rt:~ 1t ~;t,r14$7J\.65ITT!f~titElllX~ITT $r50% o 
coo64J oo sA-5HJF tB T t¥1it:H7f □ 49~ ITT~a~e1~, ~~004Alo004BITTJFiYHi~a~ ~ ITT 
t¥{ii:ff3f D 49~ ITT~~ofr~{te.t¥{ii:ff3f D 49~ ITT4ij~~~Jffr{ij~Jttl3f D 19~ ~StR 
j-:_ ;t§ ~ ITT ~a~ r'J: ~ o 
coo65J ~~oo sA, 7F tB T 004Alo004BITTJFiYH1:H1tt:~a~ ~ ITTt¥1it:H3f □ 490 t¥1it:H3f □ 
49M{$~MM~~i~\'1/fil 70,5c. ~j:fii:{t (32, 42) ,tJlfrtlk~ ft ~fil 12, Jt Jl PT :l&:l:tl!M{$JLl~~1t 
;t,r14 fil 1 OITT _t $$73\. ~ o fr i~I Z:W !Ji~ , {ij~ 3ttl3f D 19PT ~ M{$ ~ tt{iLlil3~fri'Jrt: ~ ft 
~;t,r14$7J\.65,5t ~j:fii:1t (32, 42) ~ ITT filITT-=f~,tJlfrtlk~ ft ~fil 12, Jt 1l PT :i&:1:tl!~tt~~ 
{t;t,t 14 fil 1 o ITT _t $ $ 7J\. o 4ij ~ t¥{ii :ff 3f □ ITT~ :zz 00 ;t§ x1 r ~ ~ {t;t,t 14 fil 1 o ITT J,91 :zz 00 ITT [!!] ~t 
1*ltPI ~fr1'AOnmlLl30nmITT mll P9, lirt~PT ~*J=l:B!:::kITT [!!] ~t1*Lt o PT :i&:1:tl!, PT~ iJLl~o:im 
tt ~ri'D ~ ·~it.gt~Ll*1i~tU,r14fil42$73\.:l:tl!i'l ri'D [!!] ~t, ~ %mUl ri'D [!!] ~t (:5KJF t±:1) o 
[0066] ~~005B, pJ~ 1YLl~oiffitt:l&1l·~i~~{tml~IZ:*fr{ij~f¥{ii:ff3f D 49lO{ij~Jt 
tl3f o 19ITT ~$$73\.~%fflGPT :i&ITT~~~1gJ1!$73\. (iJLl~o, ~r M~~) 11 o:l&11·~1~~1tml~ 
IZ:1'A ~~0~1Jz (9, 10) ~ ITT~~1ttJ14fil lOITT:zzOOITT~~{t:zzOO j-:_*~~1ttJ14, rm7f-1'A 
~ ft ~:zzOO j-:_*~~{t;t,r14o ~o~~~{ttJ14fil 10~1¥'-s1ITT, IJ!Ll~~~1gJ1!$73\.l l PT~ 'EL 13-
1¥'-s1~ ~{t;t,r14 o ~{~:1:tl!, ~~~1gm $73\. l l PT~ 'EL 13-$ s1~ ~{t;tJ14 o 
[ 006 7J fr~~ {t;t,t 14 fil 1 o ~ 1¥'- s1 ITT Jl* ffl :i& 11 ·~i~r MI Z: {t 7'J :l& 11 ·~1 ~ ~ {tml~I Z: 
ITT ti 1JG r , {ij~~ ~ ~1gm: $ 73\.11 PT~ 'ELt§ 1:5 ~ ~{t;t,t 14 fil 1 o ITT 1¥'- s1 ~ ~ 1tt,t14~r MM 11£ ITT 
1¥'- s1 ~ ~1ttJ14 o fr ~~JFiJLl ~ , ~ ~ ~1gJ1! $ 73\. ll PT~ ti~~ 1:5 ~ ~1ttJ14 fil 1 O;t§ ~ ~ ~ 
~ITT~ ti~ JfLl o 
c oo6sJ fr ~~JF iJLl ~ , {ij~~ ~ ~1gm: $ 73\.11 ITT J,91:zz OOPT ~ % fflGfr 'EL 13-~~ $ ~ tU,t 14 fil 
42ITTTP1:zz00ITT7-kff 00_t1f, :ff llfr'EL 13-1'A~W~=~~tUJ14fil42 (ep, ~tiili:r~~$ 
~tUJ14fil42ITT~tUJ14fil42) ITT ~:zzOOITT 7-k ff OOz r ofrlltti1JG r, PT~ !lJ11J§iffittffl ~ 
~ ;t,t 14 fil ~ 1~ fir r 'EL 13-~ ~ ~1g ii!$ 73\.11 ITT J,91 :zz 00 ITT 7-k ff 00 z r ITT~ tU,t 14 fil 4 2 *% fflG 
~1Jk:l&1ltJlfr~1Jk, ~orOO~~~rOO 13A-13Efafi1ITT ofrYi~~JJTh:iJLl~, PT~ ffl~ ~fil~ {~~ 
-=fr $~tUJ14fil, ~%fflG~-=f~1Jk:l&1ltJlfr~1Jk, ~orOO~~~rOO 14A-14Bfafi1ITT o3ttl3f 
D 19ITT ±~ (predominant) -=f~~tt$rW3~~tUJ14fil42 ofri3:t-¥:ITT3ttl3f D 19~ %fflG 
ITT~~ ~1gm: $ 73\.11 ::;f tm:EJUitEll {iLl il3~fri'J rt:~ 1t ~;t,r14 $ 7J\. o ~@ 3t ti 3f o 19~ tt~~ $ ~ 
tU,t 14 fil4 2 , Jt Jl ::;f ~ tt 1f {Pf~ {ta~ tU,t 14 fil4 2 o fri3: 1¥ ITT 3t ti 3f o 19 ~ % fflG ITT~~ ~1g ii! 
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$73\.11tm:EJ.1ltE111iuil3~fri'Jrt:~ 1t M;t,rf]j.$73\.65ITT1~Ll~o 
c oo69J ~ ~ ;;1gm: $ 73\.11 PT~~ s11t'l'f ;;1gm: ITT$ 7)\., i~ s11t'l'f ;;1gm: ITT$ 7J\. fr~~ !lJ11 Fo fr~tlz 
( 9 , 10) ~ % fflG ITT~ ti IX~ 5¥0 ~~ !lJ11 J§r fr ff 1ii :ff 3T D 4 9 ITT _t $ $ 7)\. ~ J§ ti% fflG ITT ;;JUI IX ~z 
faJ M 1$ off 1ii :ff~~ 4 9' ff fr r ff 1ii :ff 3f D 4 9 ITT fr~~ ;;1g ii!$ 73\.11 _t 7J ITT :5K tJtfE $ 7J\. ~ o fr -
~~JJTh:iJU~ .~~;;1gil!$73\.ll pJ~ ~tr51¥'-s1liofr-~~JJTh:iJU~ .~~;;1gil!$73\.ll pJ~Jl~ 
~-~~~ITT ti~, ~-'=5 ~~;;1gil! $73\. JifetitEll ITT ~~1t;t,tf4 fil 1 OITT ~ ~ ~;t§ ~ o ~o ~~ ~ 
1t;t,tf4fil 1O7f-fffr, IJ!Ll~~;;1gil!$73\.l l PT~1Ui%fflGfr~tlz ~~1tfilg_t, ~ti ~~1tfil9 
PT~Jl~~-~~~ITTti~ o 
[0010J ~~005C, ~13-~lit~~ 1t Mfil52, ~:W1iiff fil54,~i~~ ft Mfil56, ~JJz PT:i&ITT~ 
- ~ ~ 1t;;1gmfil6O1 ITT fil ITT ti ii: 1t pJ ~ !lJ11 m ml~ fr ff 1ii :ff 7T D 49 ~ 0 ~Ji t~ ~ * M fil 5 2 pJ ~ 
~151¥'-~~1tM~Mfil~~$~~1tM~MfilITT*ii:~ofr-~~JJTh:~~,m~~1tMfil 
PT~~15~*~~1tM~~-~~~fflGITT~1tM~~-~~filo~*~~~fflITT,~1tM 
~~-~~~ffi~15~&-#~~~•~~&•ITT~1tM~Mo~1tM~~-~~PT~~ 
*~~&-#~~~•~-~fflG,~~PT~~*~~&-#~~~•--~~~fflITT~& 
-l~~F~~~•~fflGofr-~~JJTh:iJU~, ~lit~~ 1t Mfil52PT~ ~ 13-Jl~Ar7. 9ITTft~ ,m,tf 
(ep Jl~Arliffl1ttmITT1t~ ffitJCITTft~ ,m,tf) ITT~* M~~-1ttm 0 

[0071] ~*M~~-1ttmITT~F~~tLlt!:JFiJU~13-t§•1ttm (AlzQ3) -~•1ttm (HfO2) ,f/fjij-

1ttm (LaO2) ,tz•1ttm (Y2O3) ,tEl-1ttm (Ta2Os) -~liWJHk,~fflti~1tittm,~it~J]z~ti 
ii:{to pJ~iffittiJU~0"f=~t§ml~ (CVD) -~-=f filml~ (ALD) ,)v]({rfl1~:3/tml~ (PLD) ,;;-&1t~~1t 
~"I=m~~~ffiii-*m~~ftM~~-~~filo~ftM~~-~~filITTW&PT~frMl~ 
lLl2OnmITTffill P9, lirt~PT ~*ffl£1J\5f0£AITT W& o ~ 1t M~~-1ttmfil PT~ !lJ11J§rJEQJU 
~1tM~MW*ITT~~.~1tM~MW*m~~ffITT~:Wfflft~~~8~mofr-~~JJTh: 
1Ju ~ '~Ji t~ ~ * M fil52~ 13-t§-{t tm O fr-~~JJTh: iJU ~ '~Ji t~ ~ * M fil52PT ~ ~ 13-Jl~::;f ~ 
~MfflG*ITT$~~1tM~~-~~filo 
[0072] ~1~:l:tl!~~[)ff JJQ:1:tl!, ~lit~~* Mfil52PT~ ~*~ * M~~1t1tittm' ~~oli-1t 
tm ,li-ffl1ttm ,liffl1ttm~~tliit ofr-~~JJTh:iJU~, ~lit~~ 1t Mfil52PT~ ~ 13-li-1ttm o 
fri3:l~t1H£ r, PT ~iffitt1i%ml~7ftt (~~o1[£ff 1t"¥=~t§ml~-~ -=f filml~~~~tliit) 
*% fflG ~Ji t~ ~ ft M fil52 ITT~ ft M ~ ~1t1tittm o ~ 1t M ~ ~1t1tittm ITT W &PT~ fr1'A 1 nm 
lLl2OnmITTffill P9, lirt~PT~*ffl£ 1J\5f0£AITT W& o ~1~:l:tl!, PT~ ~-mt~lit~~ 1t Mfil52, 
#HPT~fr~!lJ11Fo%fflGITTff~:ffffiITT*®_t%fflG~ru~~zFo%fflG~rum~~ftMfilo 
[0073J !lJ11Fo, PT~%fflG~:W1iifffil54ofr-~~JJTh:iJU~, ~:W1iifffil54PT~~~:Wtffi~t,t 
MITT~~fil~~OO~~ITT~ftW*,~:Wtffi~~M~13-PT~~~~liffl~~ITT~1tM~:W 
tffi~t,tf4 o ~ 1~:l:tl!, ~ :W1ii ff fil54 PT~~ 13-~~oiffitt iJu ~o frtl ri'iJ ~ ~t P9 ti% fflG JU ~tl:;t,rf4 
fil42 ~ rmti 00 ~1tT'J $ ~ ~ ~~ ~ITT$ 7)\. ( iJu ~o , if lr.8 ti) ITT :ti~$ s1 li~~ ~;t,rf4 ITT~~ 
;t,rf4ITT~tifil~~00~1tITT ~fjc$73\. ofr-~~JJTh:iJU~, ~:W1iiff fil54~ 13-liffl1ttmfilofr 
-~~ JJTh: iJu ~ , ~ tl:;t,t 14 fil4 25¥0 M~ ttfil 3 2 PT~ Ji~¥ 1L mit ITT {~Ll ~, # H ~ :W1ii ff fil 54 PT 
~ % p)G T'J. ~~ti fil 0 

coo74J frYi-~~JJTh:iJU ~, ~tU,tf4fil42PT ~t§x1rt~tffil32ITT {~Ll~tlrPJ :1:tl!~ ~t, # H 
PT ~ * ffl ml~ I Z: 5¥0 ~ :r,m ff ti: ti ~Ll I Z: ITT tliit * ~~ ~ :W 1ii ff fil 5 4 % fflG 7'J ¥ 1L :1:tl! faJ ~~ 3f ITT 
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$~ff {ii :H;t,r 14 $ 7J\. o f?. 'l'f :?JO:§~ ~ ~ :w {ii ff fil 5 4~ 1¥'-~ Ji ti fil ITT~ Jilli iJLl * Mi :t1* 0 3f , 
~~*~~~~~~~ffl¥~~~~3fITT$~ff~:ff~MW*(~m~~~:wM~~M$ 
7)\. mz ~ ~ ~~ ~ ITT~~ ;t,t 14 $ 7)\.) ~ 1~ ~ :w {ii ff fil 54 ITT~ Jilli iJLl o 
coo15J ~:Wfiiff fil54m~%fflG7'J:l:?J~fflG7J\.ITT 1¥'-~~ :wfiiff fil, mz~m~ 'EL 13-g;~~ :wfii 
ff filITT :l:iii:{t o $~~ :W{iiff fil (~o~*ffl) m ~ 'ELt§$~!'aJ ~~3f ITTif lr.tJlfr1JHJ14fil, ff lr. 
tJlfr1lk1J14fil13-~ ~~tJ14 (iJLl~D, ~~□~, 'f§,t1l, t}(, ts ,n J]z~if~ITT~~, mz~~□~li1t 

tm, i§li1ttm, t11li1ttm, txli1ttm, 1ttli1ttm, tttli1ttmmz~tiiifITT ~~li1ttm) 5¥□1mz~~ 
1t;t,t 14 ( iJLl ~□ , 'EL 13-~ d> ~ 5¥~ 1¥'-~ ~ ~ 1t 5G ~ mz~ d> ~ 5¥~ 1tif tm ~ ~ 1t;t,t 14 ITT$ s1 mz ~F s1 
~ ~ 1tt,t 14) o ~ 1~:1:tl!mz [)ft 11□ :1:tl!, ~ :wfii ff fil54 m ~ 'EL 1iM~ tt ~ :w M~t,t 14 , ~ ~□ ~~ mz g; 
~liffl 1i1m~ o ~1~:1:tl!, ~ :wfii ff fil54 m ~ 'EL ti~~ M*~*:v: (~~□ ~~ M*~*:v:) , ~ m ~ 
~iJLl~onM*~*ir Om~ iJLl~D 831t"f=~t§m5f~ (CVD) '~-=f film5f~ (ALD) 'tm:EJ.~t§m5f~ 
(PVD) 'mz ffl T fr~~ {ii ff~ :w ITT 1f {PJ ~ 3 ITT ml~ tt**% p)G ~ :W{ii ff fil54 0 ~ :W{ii ff fil54 

ITT JJttm~fr1'A2nmlLl3OnmITTffill P9, liP!.UEm~*ffl£1J\5f0£:::kITT JJtt o 
coo76J ~i~~* ~fil56'E113-~ * ~t,t14, m~fr~3ITT ~fffielr.~1tf:r~tti~~ * ~t,t14 
;liHr ~ :W~i ~om~ 1IHJi1L~ % fflG ITT 1¥'- J=, - tiNAND $ ff {ii :ff:ff1tf: ITT ~1t ITT tlrt:, iffitt~ iUJiE 
-=fiiAmz~rniii:.J}J-ilH~~~ (Fowler-Nordheim) ~i~iJ§~ITT ~:wn~**ff ~:W~i~ o~i 
~~ * ~fil56m~ 'EL 13-li•1i1m ,liffl1ttm ,liffl•1ttm, ~ * ~~~•1ttm (~~oig•1t 
tm lo~• 1itm) , ~ * ~ ~~m• 1i tm, ~*~~~tit wi~, ~if~, 5¥01mz~tiiif O fr~~~ 
filliiYLl~, ~i~ ~ * ~fil56m~ 'EL 13-~~tit•1itmfil,liffl•1itmfillo~=li•1itmfilITT:l:i 
ii:1t, ~:®ffit:i~D7'JONO:l:iii:1tofr~~~filliiJLl~, ~i~ ~ ft ~fil56m ~ 'EL 13-~~_t::;f13-~ 
ITTli-1ttmfil mz~~ ~_t7f-13-~ITTliffl-1ttm fil o ~i~ ~ 1t ~fil56ITT JJttm ~fr1'A2nmlLl 
2OnmITTffill P9, liP!.UEm~*ffl]!1J\5f0£:::kITTJJ& 
coonJ m :i&ITT~~~~1tf1gmfil6Ol 'EL 13-~~1tt,t14, ~~□~&~5f~1¥'-~~~1tt,t14,~ 

y~5f~I I I -V~1tiftm~~1ttJ14' ~y~5f~I I -VI~1tiftm~~1ttJ14' ~y~5f~~tJl~ 
~1tt,t14 mz~ fr* ~9i~ 2 ~□ ITT ~1m ~~1tt,t14 0 fr~~~iilli iYLl ~ , ~~ ~ ~1tf1gmfil6o 1 'EL 
13-~Fs1limz~$s1lio m~iffitt1i%m5fR1ff! (~~D{[£ff{t"f=~t§m5f~ (LPCVD)) %fflG~~ 
~~1tf1gil!fil6O1 o~~~~1tf1gil!fil6O1ITT JJttm~fr1'A2nmlLllOnmITTffill P9, lirtJ:Em~ 
* ffl £ 1J\ lo£ :::k ITT JJ Lt o ff {ii :ff~~ 4 9' % fflG fr 4ij ~ ff {ii :ff 3f □ 4 9 ITT :5K :l:JD'E m 5¥~ ITT ;t,t 14 fil 
(52,54,56,601) ITT1t5f~~ o 
[0078] ~~005D, *ffl~y~5f~~rPJ :fft!:ti~LlIZ:, )1191Ff:l:tl!~rPJ :fftt:l:tl!ti~Llm:i&ITT~~ 
~~1tf1gil!fil6O1,~i~~ ft ~fil56, ~ :W{iiff fil54,~iit~~ ft ~fil52o m~iffitt~y~~~ 
rPJ :fftl:ti~LlIZ:~~*~~~~1tf1gil!fil6Ol Si~~ ft ~fil56, ~:W{iiff fil54~JJz~iit~~ ft 
~fil52ITT{irrt~tt~\'1/fil7OITTT9i:zzffiITT_t7JITT$7J\. 0 Yi~r 'm ~~~*~~~~{tf1gil!fil6O1, 
~i ~ ~ 1t ~ fil56, ~ :W{ii ff fil54 ~ JJz~ii 1~ ~ 1t ~ fil52 ITT fr {ij~ ff {ii :ff~~ 49' ITT~$~ ITT 7-k 
~$*,~fr~~~W*~%fflG3f □ om~iffitt*fflffl$ITT~~~"f=tt~ITTffl$ITT~~:ff 

tHi~LlIZ:*ti~U~~~~1tf1gil!fil6Ol Si~~ 1t ~fil56, ~:W{iiff fil54~JJz~iit~~ 1t ~ 
fil52 ~ ITT{ij~~, ti~Ll1t"¥=Mr ~t~t,t14 film~ t§ ~ mz~ m ~ 7f-t§ ~ o 
coo19J ~~~~1tf1gmfil6O1 ITT{ij~JLl~W7J\. m ~Jl~'!'r~Wclr. o ~ :wfiiff fil54 m ~ 'EL 
trS ~ :WM~tJ14 mz~ff lr.tJlfr 1lk1J14 0 fr~~~ Jilli iJLl ~ '{ij~ ~ :W{ii ff fil54 m ~ 'EL 13-~t?:~ 
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fi ep {ii ff~ :w ITT~ :W{ii ff IX~ ITT¥ 1[j:f ii:{t o a-~~ JJTh: 1Ju ~ , ~ :W{ii ff fil54 PT~~~~ 
;t§4~ r~t!J,r14 fil42 ITT{ij~$7J\. ~ fflG ~ :W{ii ff IX~ ITT~ :W{ii ff fil o 
[0080] PT~ ~jjJi-~~{tf1gil!fil6O1 Si~~ ft ~fil56, ~:W{iiff fil54l0~]J~~ ft ~fil 
52*ft* D ITT rOOtm:EJ.~-~~f1gJ1!$73\. l l ITT:zzOO (mz~a7G*ffl~~f1gJ1!$73\. l l ITTtilJG 
r ITT~~ {t;M 14 fil 10 ITT* 00) 0 pJ :i&:1:tl! ' fr 4ij ~ ff {ii :ff~~ 4 9' ITT~$ )(Hm :EJ. ~ ft ITT~~ {t:zz 
OOPT ~ ¥ 1(:1:tl! [!!] ~B , {f 1~fr ff {ii :ff~~ 49' ITT r 00 [!!] ~B ITT~~ {t:zz 00 ,A,A~ ~ f1gJ1! $ 7)\.11 ITT (mz 
~ fr7f-*ffl~~ f1gm $73\. 11 ITT ti 1JG r ITT ~~{ttJ14 fil 1 OITT) ~ J,91 $ ITT :zz 00 ¥ 1i:1:tl!{ffie;f$ [!!] ~B 
Ji!e ~ 0 ~i ~ ~ * ~ fil56{irr ~ :W{ii ff fil54ZL Off {ii:ff 7f □ 49 ~ ITT ~_§j~ ~ * ~ fil52' ~ :W{ii 
ff fil 54l0 ~i ~~ft~ fil 56 ITT ~if~ fflGff {ii :ff ~J 50 , ~ 'EL 13-$ ~ ~ :W {ii ff IX~ (~o ti~fJlY'J 
~ :w {ii ff fil54) , i~ $ ~ ~ :W{ii ff IX~ EE ~Ji 1~ ~ 1t ~ fil5 2 l0 ~i ~ ~ 1t ~ fil56-'=5 II~ ITT ;t,t 14 
;t§~~~iLfr-~~JJTh:iJU~, ffi-~~{tf1gil!fil6O1 Si~~ ft ~fil56, ~:W{iiff fil54l0~Ji:J'~~ 
1t ~fil52PT~Jl~¥1LmifITT{~LllL 
[0081] ~~005E' pJ ~1i1ifr~~f1gJ1!$73\.l l ITT ~~{t:zzOO _t (mz~~o~~'Blt~~f1gJ1! 
$73\.l l, IJ!Ll1i1ifr~~{t;t,r14fil lOITT~~{t:zzOO _t) , :3f Jl1i1ifrffi-~~{tf1gil!fil6Ol_l 
ml~ffi = ~ ~ftf1gmfil6O2 o ffi = ~ ~ftf1gmfil6O2'EL 13-~ ~ftt,t14, ~ ~o ~&- l~ J¥L ~ ~ 
~{ttJ14 -~d>-l~I I I -V~{tiftm~~{ttJ14,~d>-l~I I -VI~{tiftm~~{ttJ14, ~d> 

-#~m~~~~Mmz~*~~~B~ITT~~~~~~Moa-~~JJTh:~~,ffi=~~~ 
f1gil!fil6O2'E113-~F s1 limz~ $ s1li o PT~ iffitt1i%ml~1Jft (~~o {[£ff 1t"¥=~t§ml~ 
(LPCVD)) %fflGffi=~~{tf1gil!fil602 o ffi=~~{tf1gil!fil602ITT JJ[tpJ ~ft,A,A2nmfLl l0nmITT 

ffi II P9 ' ii rt~ pJ ~ * ffl :~>J\ l0 £A ITT JJ Lt O ffi = ~ ~ {tf1g mfil6 02 pJ ~ $ 7)\. j:JDt {ij~ ff {ii 
:ff7f D ~ ITT ff{ii:ff ~~49' , mz~PT ~3'G~j:JtfE{ij~ff{ii:ff7f D ~ITT~~ o ffi-~~{tf1gil!fil 
601 l0 ffi = ~ ~{tf1gil!fil6O2 ITT ;t,r14~{t:1:tl!f~7'J ~ ~{tf1gJ1!;tJ14 o ~ g z, ~ ~{tf1gm;tJ14 
~am-~~{tf1gil!fil6Oll0ffi=~~{tf1gil!fil6O2~ ITT Ji)T~ ~~{ttJ14ITT~if 0 

[0082] ~~00 5F, fr{ij~ff{ii:ff7f D ~ ITT ff{ii:ff~~49' **iffi=~~{tf1gil!fil6O23'G~j:j; 
fEITTtilJG r, pJ~ftff{ii:ff~~49' ~mt~~ ft ~~fil62L, ~j:j;JE{ij~ff{ii:ff7f D l7'J ITTff{ii 

:ff~~49' ITT1f{PJJLl~$7J\. 0 ~ * ~~fil62L'e113-~~oli-1ttmmz~~,tJlliWJUtJlz~ITT ~ * ~ 
1J14o PT~ rn{i%mt~1Jf! (~~p{[£ff{t"¥=~t§mt~ (LPCVD)) mz~rn § f:IB{tml~IZ: (~ 
~o15Jt1*) *ml~~ft~~fil62L 
[0083] ~~00 5G, pJ ~ iJu~oiffitt[!!] ~tti~Ll}A~~~f~g/fil 7OITTTP1:zz00ITT _l1J;f$~* ~ ft ~~fil 
62LITT7-kf$7J\. o ~ ft ~~fil62LITT{ij~JLl~$7J\.~fflG~ ft ~~62o Yi~r, ffi=~~{tf1gmfil 
6O2ITT {irr~~~i~\'11 fil 7OITTTP1:zz OOITT _t1JITT 7-k f$73\. PT ~imtt f:IB {tI Z:t$~*, f:IB {tI Z: 
PT~*ffl[!J_]~i§ti~Umz~1t"¥=;tJli'Jf!Gf:1:E3{,t (CMP) offi=~~{tf1gil!fil6O2ITT{ij~JLl~$73\.pJ~ 
!f~1:trr fffii:HYF □ 4917'] mz~ !f~1:trr JzJtYF □ 1917'] o 
[0084 J ffi-~~1tf1gil!fil6O1 l0 ffi = ~ ~1tf1gil!fil6O2 ITT {ij~:J'l4~ ITT x1 PT~ ~{t:1:11!% fflG 
¥1i~~{tf1gm6O, 3'EL 13-¥1L~~{tf1gJ1!6OITT ¥1LNAND;ff{tf:~iffiat, ~¥JiEPT~¥fiti}J~tt 
i~ ¥ 1L ~ ~1tf1gm6o o ~i ~ ~ 1t ~ fil561Ez: ~ :W{ii ff fil5411 ~, * 1l tl ri'D :1:tl! 11 ~¥ 1L ~ ~1t 
f1gJ1!6OITT$7J\. o ~lit~~ ft ~fil52, ~ :W{iiff fil54l0~i~~ ft ~fil56ITT{ij~;t§4~ITT~if~{t 
:1:tl! ~ fflG ff {ii :ff ~i 5 o , ~ ~~ ~ ~ * ~~ 1i oo at raJ {ii ff~ :w o a-@~ JJTh: iJu ~ , a i~ w !JI~ , ~li 1~ 
~ 1t ~ fil5 2PT ~ 7f-ff fr r ff {ii :ff ~J 50 ~ , * Jl PT~ ft% fflG 1f {~Ll [!!] ~t zJ§ !lJ1I J§ % fflG ~Ji 1~ ~ 1t 
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Mfil.~*x~~fflITT,*~~ffi~~~m~~T~~tt~~~~#ITT~~~~#ITT~~ 
ITT1imatraJ, ~~□~tt241J\atITT1imatraJ. 

[ oo85J ~~ 00 5H, iJu ~□ iffitt [!!] ~iH~k~U iHir r ~~~i~\'11 fil 7 o ITT J,91:zz 00 lo ~~~i ~\'11 fil 7 o ITT ~:zz 00 
z.Ja] ITT1*&' 1f4ij~~ * M~62ITTTP1:zzOOJt!:~t!;;a{ij~~{ii~3f D 17'] [!J_]~E§ 0 pJ~iffittfr~ 
1t M ~ 6 2 ITT _t 7f fr 4ij ~ [!!] ~t IX~ P9 ml5Hi ~ ~ ~ 1t;t,t 14 7fUl~ fflG iJUlk IX ~6 3 . iJUlk IX ~6 3 PT 
~Ji~ 1:5~~~~~JLt§&ITT~=~~~ITTti~ .1Ju~□, ~□~~~~~~~p~, 1Jw~=~ 
~~~n~, lzZZ}]\fl.i,mf}klX~63~ ITT1i~JfU1;&]3tpJ~fr1'A5. 0 X 1019 

/ cm3JU2. 0 X 1021 
/ cm3 

ITTffi~P9,m~~pJ~*ffl~~~~*ITT~~m~tt.~~~~~~MPT~~~~~~$ 
s1li. PT~ iJU~D rn 1t"f=tJlrJf!Gf:IB 1t (CMP) mz~[!!] ~tti~U*1'A~~~i~\'1/ fil 70ITTTP1:zz OOITT _l7:ft$ 
~*mt~ITT~~1tt,t14ITT~t±:\$7J\., ~%fflGi,mtlklX~63. 
c oo86J ~{ii~ 3f □ 49 P9 ITT~ {ii~ ~J 50 lo¥ 1L ~ ~ 1t~1g m6 o (~ ~ ¥ 1L ~ ~ 1t~1g ii!) ITT 4ij 
~tii~tJJfflG~fii~Jtii:1t~atJJ55.~fii~Jtii:1t~atJJ55~~~1t~1gm:,~i~~*Mfil,$~ 
~{ii~ 5G 1tf: (~o~JJlY'J ~ :W{ii ~ fil54 ITT $73\.) lOPT :l& ITT ~ii t~ ~ 1t M fil52 ITT tii~. ~{ii~3f □ 
49 P9 ITT~~ ~1gm: $ 73\.11 (~□~~ft) , ~{ii ~j:f ii: 1t ~a tiJ 5 5, ~ ft M ~ 6 2 lo i,m ti IX ~6 3 ITT 4ij 
~tii~fr*X~l~7'J~{ii~3f D j:Jt-Jf.~atiJ (11, 55 ,62 ,63) .{ij~Jttl3f D 1917'] ITT~~~1gJ1! 
$73\.l l (~□~~ft) ,~{ii~~J50, ¥1L~~1t~1gm60, ~ ft M~625fOi,mtJklX~63ITT{ij~tii~ 
j:j;-Jf, ;t§ m ITT 3t ti 7T D 19 ' * _§_ tiJ P>G 3t ti tHa tiJ 0 

coo87J ~~006, 7F tB T a~{ii~* □ 49loxtl3f □ 1917'] 7J\.JJ,J%fflG~{ii~* □ j:Jt-Jt~atJJ 
58 5¥0 3t tltt ~a tiJ 20 zm ITT 7F 1Ju tHa tiJ O fr 00 4A5f0 00 4B ITT ~a tiJ ITT 4ij ~~{ii~ 7T □ 4 917'] pJ ~ % 
)J)G~{ii ~ 7T □ j:j;-Jf.~a tiJ 58 ITT~ iJU O fr 00 4A5f0 00 4B ITT ~a tiJ ITT {ij~ 3t ti 7T D 1917'] pJ ~ % P>GX ti 
tt~atJJ20ITT~iJu. 
[ 0088] ~{ii~ 7T □ j:j;-Jf, ~a tiJ 5 8 ~ ITT 4ij ~ ~ pJ ~ 'E1trS ;t§ }_III ITT~~ ~1g TI!$ 7)\.11 , ;t§ }_III ITT~ {ii 
~ j:f ii: 1t ~a tJJ 5 5 ( ep , 'EL 1i t§ m ITT~ {ii~ ~i 5 o lot§ m ITT¥ 1L ~ ~ 1t ~1g m: 6 o) , ~ 2z t§ m ITT 1,m 
tlklX~63. 3ttltt~atiJ20~ ITT{ij~~ PT~ 'ELt§t§mITT ~~~1gJ1!$73\. l l ,;t§]_IIZITT~{ii~~J50, 
;t§ )_III ITT¥ 1L ~ ~ 1t~1g m 60, ~ 2z {ir r ;t§ )_III ITT¥ 1L ~ ~ {t~1g m 60 ITT J,91 ftw $~ITT ;t§ )_III ITT$ i& lffiffi 
tlklX~63 0 3ttltt~atiJ20ITT{ij~$1tf:~~jJ _LJC~ITT _§_~f lr.ITT $i&$1tf: 0 ~ § z' Jttltt~a 
,tiJ20ITT{ij~~~~1gJ1!$73\. l l ~$i&~~~1gJ1!$73\., 3ttltt~atiJ20ITT{ij~~{ii~~J50~$i& 
~{ii~~i, Jtt1tt~at1J20ITT{ij~¥1L ~~1t~1gm:6o~m1&¥1L ~~1t~1gm:, * llxtltt~a 
tiJ20ITT{ij~f,mtJklX~63~$i&i,mtJklX~, ~7f-~1HllLl1ir~. 
coo89J PT ~att'El' IX~~ ~tt~frttrt::zz OOITTJJ( f:zzOO%fflGxtltt~atJJ20ITT-=f~mz~w. 
3t tltt~a tiJ 20 ~ ITT~~ mz $~PT~~ tt~~ $ ~ tUJ 14 fil4 21:5 {iU il3,~frtt rt:~ ft M ;t,t 14 $ 
7J\.65zl'aJ ITTJJ( f J'f.00, Jt 1l PT~ 'EL 13-titEl11iuil3~frttrt:~ 1t MtJ14$7J\.65ITT t§mITT~~~1gm: 
$73\.ll. 
[0090] ft~{ii~3f D 495f03ttl3f D 19~ ITT{ij~~~, ~{ii~~J505f0¥1L~~{t~1gJ1!601l 
ti% P>G at§ m ITT~~ ~1g m: w 7)\.11 _t . {ij~ ~{ii~ j:f ii: 1t ~a tJJ 5 5'@113-¥ 1L ~ ~ 1t~1g m: 60 lo~ 
{ii~~J50, ¥1L~~1t~1gJ1!60PT~ 'ELt§$~~~1t~1gmfil (601,602) .~{ii~~J50PT~ 'ELtrS 
tlri'D ~~¥1L~~1t~1gil!60ITT~i~~ 1t Mfil56, ~lztlri'D ~~~i~~ 1t Mfil56ITT ~ :W{ii~ 
IX~ (~□ ~JJlY'J ~{ii~t,r14 fil54) lOPT :l&ITT ~ii 1~ ~ 1t M fil52 ITT¥ 1[j:f ii:1t. J? 'l'r*ffl Y'J~{ii 
~*1i:~~tiJJFt±:!ITTrelr.*ffl~*03f,~~*03fITT7:f~PT~mfflr~~ITT~~~*ii: 
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{t ~a~ , ~ 1~ ITT j:f ii: {t ~a~ 'EL 13-J=ll=f ff {ii :ff ~J 5 0 l0 / mz J=lrf ¥ 1i ~ ~ {t f1g ii! 6 0 ITT 7G ~ fil j:f 
ii:1tmz~a~ 0 

[0091] ~~00 7 A-7C, :titEll&;&~ ft ~fil 73PT ~%mGfr~~~ffil32l0~tl:;t,r14fil42ITT 5t ~j:f 
ii:{t (32, 42) z_t, * ll%mGfrff1ii:ffj:fii:1t~a~55l03zJJtt~a~2oz_t otltE!l&;&~ 1t ~fil 
73'EL 13-l:5~tUJ14fil42ITT ~ 1t ~;t,r147G~ ITT~ 1t ~;t,r14o iJLl~o, :titEll&;&~ 1t ~fil73PT~ 'EL 
13-tit-1ttm otltE!l&;&~ 1t ~fil73PT~Jl~fr1'A5OnmlLl5OOnmITTffill P9 ITT JJ.&, lirt~PT~* 
ffl :~>J\ lo J!jc ITT JJ. /3t o 
[0092J :3/t~Ll~1fil (:5KJF t±:1) PT ~1Bz:JJTh:1JDfrtitEll&;& ~ ft ~fil 73:z__t, Jt Jl PT~ti:3/t~Ll:1:tl!OO~ 
1t, ~frff1ii:ffj:fii:1t~a~55ITTff~ (cluster) zfaJITT IX~~%mG3f Do PT~*ffl~rPJ f'ftt 
ti~Ll*~M:titEll&;&~ ft ~fil73,:')t ~j:fii:{t (32 ,42) lo/mz{iLlil3~fri'Jrt:~ ft ~tJ14$7J\.65* 
nt$:3/t~Ll~1fil~ ITT 00~, ~%mG1f{~Llf1gtl79, 1f{~Llf1gtl791'AtitEll&;&~ 1t ~fil73ITTTP1:zz00~ 
d>¥1L:l:tl!M{$JLl~tR (9, 10) ITTTP1:zz00, :ff lltlrPJ :l:tl!M{$~rlff1ii:ffl45Ll IX~lOOl0:titElllX 
~3000 fr~~~JJTh:iJLl~, 1f{~Llf1gtl79PT~ 'EL 13-WHJk:titEl13f D, fr~tlktitEl13f D ~ PT~ !lJ11J§ 

%mG~m~M~~~~oPT~~~~tt~~*t$~:3/t~~filo 
[ 0093 J ~~ 00 8 lo 00 9A, PT~ iJLl ~□ * ffl ti~Ll I Z: ~~ ;t§ x1 r ~~ ~i fil 3 2 ITT~~ ;t,t 14 :lztrl tt:l:tl! 
ti~Ll ~ tU,t 14 fil42 ITT~ =t,t 14 ITT ti~Ll JfLl 5 I AiLl 1f {~Ll f1g tl79 ~ o 00 9AJF tB T 00 8 ITT JF iYLl tHa 
~ ITT IX~ o 1f {~Ll [!!] ~t 4 3 % mG fr1'A ~ ~ t$ ~* ~ tl:;t,t 14 fil4 2 ITT 1tl~ ~ o ~ tl:;t,t 14 fil4 2 ITT~ =t,t 
14 ITT t$ ~* PT ~ x1 ~~ ~i fil 3 2 ITT~~ ;t,t 14 , 1iLl il3 ~fr i'J rt:~ 1t ~ ;t,t 14 $ 7)\.6 s ITT ;t,t 14 , ~ ~ {t;t,t 14 
fil 10 ITT~~ {t;t,t 14' l0 ff {ii :ff ~J 50 ITT~~ r fil ITT ;t,t 14 ~ ~ :lztrl ti: ITT O fr~~~ JJTh: iJLl ~ ' ~ tUJ 
14 fil4 2 PT ~ 'EL 13-titffl 1t tm , * ll ~~ ~1fil32 lo 1iLl il3~fr i'J rt:~ 1t ~ ;t,t 14 $ 7)\.6 s ITT ;t,t 14 PT~ 1'A tit 
• 1ttm l0 ~ * ~ ~~-1ttm ~ :l&1l 0 

[ 0094 J x1 ~ ~ ;t,t 14 l0 ff {ii :ff ~J 5 o ITT~ ~r fil~ :l& 11 tt:l:tl!t$ ~* ~ =t,t 14 ITT ti~Ll I Z: PT~~ 
*ffl1l1U!ti~Ll~{Vi&ITT11rEttti~LlIZ:, mz~PT~~~;t§ (-=ff!) ti~LlIZ: ,~;t§ti~LlIZ:~ti 
~LlJfLl ~ ~;t§ti 5 I AiLl 1f {~Llf1gtl79 ~ o iJLl~o, ~□ ~~tUJ14 fil42'EL 13-titffl 1t tm, IJ!Llti~LlI Z:PT 
~~m~~~IZ:,~~JF~tt~~&A~'E113-.gITTm~~~ffl17'J,.gfflx,tftit-~ 
tm 'tit l0 * ~9i ~ ~ * ffl ITT~ f~ ~{teJJ 14~ :l& 11 tt:l:tl! ti~Ll titffl 1t tm O 3t tltt ~a~ 20' {iLl *~* i'J 
A~ ft~ tJ14 $ 7)\.65 l0ff {ii :ff j:f ii:{t ~a~ 5 5tl{j¾~6 ~ ITT 3t ti, rm 1f {~Ll [!!] ~B 43ff fr T)tj 1W ii 
~tUJ14 fil42JiJr ~ :tm ITT 1tl~ P9 o 
coo95J {ij~lf{~Ll[!!]~E§43PT~~tlrPJ M1$ITT~~, i~~~Jl~jcf ~~ITT¥1iffill ITTtlrPJR~ o 
~ g z, {ij~lf{~Ll[!!] ~i§43ITTtlrPJ R ~PT~jcflf{~Ll[!!] ~i§43ITT r,5J /3t o $~1f{~Ll[!!]~E§43PT~% 
mG fr1'A ~ ~ t$ ~*~ti: ;t,t 14 fil 4 2 ITT~= ;t,t 14 ITT 1tl~ P9 o 1:5 lf {~Ll [!!] ~t 4 3 ;t§ b~ , fr~ ~ % mG ff {ii 
:ff j:f ii: {t ~a~ 5 5 ITT ff {ii :ff 7T D fr*}( ~ f~ 7'J 1W {~Ll 7T D mz frT {~Ll ~~ 0 fr~~~ JJTh: iJLl ~ ' ff {ii :ff 
14 5Ll IX~ lOO'ELt§Jl~i&lr. fr~tR (9, 10) L7JITT $~:ff{tf:&;& ITT 1¥'-J=,- tiNAND $ ITT l45Ll o fr 
±3:5f~tf lJG r, {ij~lf{~LJ[!J_] ~E§43PT~ ~~JEfflrti45(J¥lJ=,- tiNAND$ ITTl45Ll ITT ;t§fIITT '¥~ITT~ 
fa] 0 

[0096J $~1f{~Ll[!!]~E§43~ITT4ij~~pJ~~~_tfffr~tlz (9, 10) ITTTP1:zz00M{$o PT~EE 
r 00 ITT~~ ~i fil 3 2 ITT J,91 :zz 00 lo _t 00 ITT~~ ~ifil 3 2 ITT~ :zz 00 ¥ 1i:1:tl! FJT- JE 1f {~Ll [!!] ~t 4 3 o fr~~~ JJTh: 
iJLl ~ , {ij~ 1f {~Ll [!!] ~t 43 PT~~ 1tJl~ :l:?J >J ITT r,5J /3t o 
coo97J PT~~tt~~~~1tt,t14~n1tlo1mz~ ~-=f1tn1tT'J~ * ~t,t14, rm~~PT:i&ITT~ 
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~ f1g m: w 7)\. 11 lo~~ 1tt,t 14 fil 1 o ITT tm :EJ. ~ 1tt:zz oo w 7J\. n 1t7'J ~ * ~ t,t 14 w 7)\. o 1Ju ~o , ~ n 
1tlo1mz~ ~-=f1tn1tPT ~ fflr~~{ij~~~f1gm:w7J\.11 ITT*OOW7J\.n1tfflG'l'r~~ * ~faJ ~~ 
1t116, * llfflr~~~~1tt,t14fil 1OITT{ij~tm:EJ.~ftITT*OOW7J\.n1tfflGf:IB ~ * ~W7J\. 
616oft~~~JJTh:iJU~ ,{ij~'l'f~~ft~faJ~~1t116PT~~l:5l::f00 (torus) f,E1r~JffITT, epj( 
~L7'J~%o~*~~~fflITT,~*~#ITT%~PT~fr~~$~mz~%fflGffi~ITTMNr~ 
ti fir 1$ 7'J l::f 00 ITT%~ , IJ!Ll ~ 1tf: 1:5 l::f 00 f,E tr ~ !ff o ~ft~ fa] ~~ 1t 116 'EL 13-~ft~ ;t,t 14 , ~ft~ 

1J14'EL 13-!5~~f1gm$73\.l l;t§~ ITT ~~1*~~, * Jl[)ff 1JQ:l:tl!'e113-~~o-lo/mzfflITT ~&~ 
5f~~F~~~~ ,1f1~'!'r~~ 1t ~faJ~~1tl 16ITTtJ14~~ 1t ~;t,r14oa~~~JJTh:iJU~, 'l'f~~ 
* ~ faJ ~~ 1t 116 PT~ 'EL 13-~ ~ f1g m: w 7)\. 11 ITT~~ 1tt,t 14 ITT ~ * ~ • 1i tm, ~ * ~ m 1i tm mz 
~1t~ffl-1t1mo ~1-~Htl!,{ij~f:IB ~1t~$7)\.616'E113-~1t~;t,r14, i~~* ~;t,r14'E113-l:5 
~ ~1ttJ14 fil ;t§ ~ITT~ ~1* ~~, * Jl[)ft J]Q:1:tl! 'EL 13-~~o-lo/mzffl ITT ~y~5f~ ~F ~ ~~~, 
111~f:IB ~ft~$73\.6l6ITT1J14~~ft ~tJ14ofr~~~JJTh:iJU~ ,f:IB ~ft~$73\.6l6PT~ 
'EL 13-~ ~1tt,t14 fil 1 o ITT~ ~1tt,t14 ITT~*~• 1i tm, ~ * ~ m 1i tmmz ~ * ~ m• 1i tm 0 

[0098] ~~009B, PT~ PT :i&:1:tl!%fflG1f{~Ll~]j~~ ft ~fil44 o lf{~Ll~]j~~ ft ~fil44 (~0*tt 
ft) 'EL trS ~ft~ ;t,t 14 , i~ ~ 1t ~ ;t,t 14 !EQ JU !lJ11 J§ a 1f {~Ll [!!] ~iH 3 ~ % fflG ITT 1~ tLl tJlfr ti ITT 1~ tLl tJlfr ti 
~ ft ~ITTJ}J~~oft~lit~~ ft ~fil52ttfrf{ij~f¥{ii:ff3f D P9 ITTtiN r, lf{~Ll~lit~~ ft ~fil 
44~ PT:i&ITT oft~"Blt~lit~~ ft ~fil52ITTtiN r, lf{~Ll~lit~~ ft ~fil44~ttfrITT o 
[ oo99J 1f {~Ll~li 1~ ~ 1t ~ fil44 PT~% fflGfr 1f {~Ll [!!] ~iH3 ~ lo 1f {~Ll f1g1179 ITT {~Ll~L o 1f {~Ll~li 1~ 
~ 1t ~ fil44 PT~ 1L fl% fflG fr 1f {~Ll [!!] ~t 4317'] ITT M~ ti fil3 2 ITT 7-k f * 00 lo t¥{ii :ff :l:i ii: 1t ~a~ 5 5 
ITT{~Ll~L o ~0*%fflG1f1~Ll~li1~~ 1t ~fil44, IJ!Llft%fflG1f1~Ll~li1~~ 1t ~fil44zfrJ%fflG'!'f~~ 
ft ~faJ~~1tl 16l0f:IB ~ ft ~$73\.616~ PT:i&ITT oft~~~JJTh:iJU~, PT~imtt~~o~-=f film 
5¥~ (ALD) ITT1i%m5f~IZ:*%fflG1f{~Ll~li1~~ ft ~fil44o lf{~Ll~lit~~ ft ~fil44PT~~*rnt§ 
•1ttm~fflG o 1f{~Ll~li1~~ 1t ~fil44ITT JJttPT~ft1')dnmlLl15nmITTffill P9, ~~01'A2lLl6nm, ii 
rt~PT ~*ffl£1J\lP£AITT JJLt o 
co100J lff~Ll~li:t~~ * ~fil44ITT ~ * ~t,t14 PT~~~~oig•1ttmITT ~ * ~~~•1ttm, ~ 
&~t~tt11t~ ~~~ITT~*~• 1i tm, ~&~t~t,ij *~~ITT~*~• 1i1m ,tg, ~&~t~tt 
flt~~~~lP/mz~y~5f~ilf{ij*~~ITTtliifITT ~ * ~-1ttm O ~1~:1:tl!mz~[)ff JJQ:l:tl!' lf{~Ll~lit~ 
~ * ~fil44 PT~ 'EL 13-li•1ttmfil o PT~iffitt1i%mtR1fft (~~o1t"¥=~t§mt~mz~ -=f film 
5¥~) * ml~ 1f {~Ll~li 1~ ~ 1t ~ fil44 o 1f {~Ll~li 1~ ~ 1t ~ fil44% fflGfr 1f {~Ll f1g 1179 ITT {~Ll~, M~ tf fil3 2 
ITT 7]( f * 00 l0 {~Ll ~, t¥{ii :ff :l:i ii: 1t~a ~ 5 5 ITT {~Ll ~* 00 ITT tm:EJ.~ ft r 1f {~Ll [!!] ~B 43 ITT$ 7)\. , ~ 

2z f :IB ~ 1t ~ $ 7)\.616 ITT J,91 * 00 Lo 1f {~Ll ~~79' ttfr f {ij~lf {~Ll f1g 1179 ITT :5K:l:JtfE 1f {~Ll~li 1~ ~ 
1t ~ fil 44 ITT $ 7)\. P9 o 
[0101] ~~009C, ~~JfH$fil46A PT~m5f~frlf{~Ll[!!] ~E§43 ~ o ~~J#~:$fil46A'EL 13-~ ~~ 
~;t,t 14 ' ~ pJ ~ JEQJU ~ !lJ11 J§m5f~ ITT~~ :l:j; ftfJ 14 ITT tt ,~ )# ~:$ fil l0 / mz fr1i if 1Jt:lttfil ITT 1t ffl O ~ 

~J#~:$fil46APT ~ 'EL 13-~~0TiN, TaN, WNmz~:l:iii:1tITT ~~~~ffl1ttm;t,r14, mz~PT~ 'EL 13-
~~0TiC, Tac, wcmz~:l:iii:1tITT ~~~~~1ttmtJ14ofr~~~JJTh:iJU~, PT ~imtt1i%m5f~ 
I Z: (~~o1t"f=~t§m5f~ (CVD) mz~ -=f film5f~) *m5f~~~J#~:$fil46Ao ~~J#~:$fil46AITT JJ 
ttPT~fr1'A2nmlLl8nmITTffill P9, ~~01'A3nmlLl6nm, lirt~PT~*ffl£1J\lP£AITT JJ&oft~ 
~~JJTh:iJU~, ~~J#~:$fil46A PT~~*EE~~0TiNITT ~~~~ffl1ttm~fflG o 
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[ 0 102] ~~ 00 9D 5¥0 00 10 , ~ ~ tJtfEtJ 14mt~ fr$~ 1f {~Ll [!J_] ~B 43 ~ , mt~ fr~ d> -~ 1f {~Ll 
f1Jtl79ITT{~Ll~_t, :3f llmt~frtitEllW.~ ft ~fil73ITTTP1*ffiz_t, ~%fflG~~j:Jt-Jf.tJ14fil 
46B o ~~tj;-Jf,;t,r14 PT~imtt1i%mtR1ff!*ml~, 1i%mlR1ff!PT ~~iJLl~o1t"I=~t§ml~ 
(CVD) -~-=f filmt~ (ALD) ,:JG~ 'flt'.,~ 'fJmz~tiiif ofr-~~JJTh:{JLl~, ~~tj;-Jf,;t,r14fil46BPT 
~ ~* 83 ~ & - 5¥~ -i¥L ~ ~ ~ ~ fflG o PT ~ iYLl ~o 1'A ~ , ttt , n , ti lo t11 ~ :lzttl ~ ~ tl-Jtt,t 14 fil46 B 
ITT ~d>-5f~-!¥L~~~ o fr-~~JJTh:iJLl ~, ~~tj;-Jf,;t,r14fil46BPT ~~*831¥l~ -!¥L~~~~ 
fflG o fr-~~ JJTh: iJLl ~ , PT~* J=l:li~ ~OWF s ITT 13-IC frJ ~13: 1t~ 1t *mt~~~ tj;-Jf,;t,r14 fil46B o fr -
~~ JJTh: iYLl ~ , ~ ~tl -Jf.tJ14 fil46BPT ~ ~ ~ fil, ~ fil'EL 13-1t T'J ~~ITT~ ffi 7-k f ITT-~ -=f o ~ 
~ tj; -Jf,;t,t 14 fil46B 83 ~ ~ M ~:$ fil46A-'=5 M~ ti fil 3 2 5¥0 t¥{ii :ff ti ii: 1t ta~ 5 5 fa]~~ , ~ ~ M ~:$ fil 
4M~ffl~IC~-=f~M~*~ftITT~~M~filo 
[0 103] $ ~ ~ ~ fil46 pJ ~ % JJ)Gfr $ ~lf {~Ll [!J_] ~B 43 ~ , :3f _§.Jiti~ ~tJ14 fil46L pJ ~ % fflG 
fr{ij~lff~Llf1Jtl79ITT f~Ll~_t* ll%fflGfrtitEllW.~ 1t ~fil 73:z__t o {ij~~ ~fil46'EL 13-~~M 
~:$ fil46 A ITT$ 7J\. 5¥0 ~ ~ tj;-Jf,;t,t 14 fil 46 B ITT$ 7J\. , i~ ~ ~ M ~:$ fil46A ITT$ 7J\. 5¥0 ~ ~ tj;-Jf, ;t,t 14 fil 
46BITT$7J\.{trr~ ft ~tJ14filITT ¥1it§4~ITTX'tzfa], i~~ ft ~tJ14filITT ¥1it§4~ITTx1PT~ 
~ M~ ti fil 3 2 ITT x1 , ~~$ITT~~ ti fil lo tJJJH& ~ 1t ~ fil 12 ITT x1 , mz ~ ~ r,m $ITT~~ ti fil lo~~ ti ~1'11 

fil 70ITT x1 o 3iti~~tJ14 fil46L 'EL 13-~~M~:$ fil46AITT 3iti$7J\.5fO~~tj;-Jf,;t,r14 fil46BITT3i 
ti$7J\., i~~~M~:$fil46AITT3iti$7J\.5fO~~tj;-Jf,;t,r14fil46BITT3iti$73\.{trrlf1~Llf1Jtl79~ 
mz~1irrtltE!lW.~ * ~fil73ITTL7J 0 

co104J ~ ~fil46'EL 13-~~$~ ~fillOfr~~$~ ~fil _t ffiITT ~ ~fil46 o ~~$~ ~fil1ir 
T~ tlk:lztrl w. ' * _§. [!1 Jlt ' fr*}(~ f~ 7'J ~ tlk:lztrl w. ~ ~ fil46 s O ~ tlk:lztrl w. ~ ~ fil46 s 'EL trS 
~ tlk :lztrl tJlfr ~ ti , ~ :lztrl 1ir r 1f {~Ll f1J ti ITT ;t§ 4~ x1 z fa] ITT ¥ 1L ~ ~ 1t f1J ii! 6 o ITT tii , ffl r fr -
ttt¥iii:ff:ff1tf:ITT~1t1JHaJ ITT tf~o fr~~$~~fil_t ffiITT ~ ~fil46'EL 13-PT :l&ITT-~mzg;~ 
[)ff 1JDITT ($~) ~1Jk:l&1ltJlfr~1Jk46SA (0014A ~ JiJTJF) , 'EL 13-mz ~3iti (*Jig~) JU - tlt¥1ii:ff:ff 
1tf: ITT '¥ ~ ITT '¥ ~ W. ~ ~ fil 4 6 w , ~ JJz 1ir r ~ ti :l& 11 tJlfr ~ tlk-'=5 '¥ ~ z faJ ITT PT :l& ITT m: i& '¥ ~ 
46WD (~□ 0014A ~ JiJTJF) o ~□ ~*ffl iJUlk:i&1lW. ~~ ~ ta~72, IJ!Ll'EL 13-~J,m $ ~ ~ fil ITT~~ fil46 
~ITT~d>-~PT~T'J~m:l&~W.~~filo~m:l&~W.~~filill~ffi-7](f7:f~fflli83~m 
:l&tlW. ~~ ~ ta~72tl ~ ~~ ~ 7T' i~iJUlk:i&1lW. ~~ ~ ta~72ill~ffi-7]( f 7J ~ tl ~ M {$ 0 

[0105J PT~ ffl~~fil46~ 1~4ij~~tUJ14fil42 o 1f1~Ll~~79' t¥frf{ij~lf1~Llf1Jtl79ITT * 
tj;-Jf,lf{~Ll~iit~~ ft ~fil445f03iti~~tJ14fil46LITT$7J\.~ o{ij~'l'f~~ ft ~faJ~~1tl 16tl~ 
:1:tl?.11 ~;t§fIITT~~f1Jm$73\. l lo~ ~fil46 ~ ITT~~$ITT-~~~1Jk:l&1lW. ~ ~fil46S o -tl 
%fflG~ ~fil46, ~1Jk:l&11W.~~fil46Stl~ :1:tl?.[l~{ij~'l'f~~ ft ~fa] ~~1tl 16 o3zJJtHa~ 
20 ~ ITT {ij-~'ELt§'l'f ~ ~ * ~ faJ ~~1* 116, 'l'f ~ ~ * ~ faJ ~~1t1161:trr~~ 11Jm: W7J\. 111=5~ 
1Jk:l&1lW.~~filzfaJ o 
[0106J ~~0011, iYLl~oiffitt~~ ~ tU1rEf!tgt~Ll-~~ f'f t!:-=tf!t.~k~Llmz~tiiif ,JA {ij~lff~Ll 
f1Jtl79:3f 1'AtitEllW. ~ * ~ fil 7 3 ITT _t 7J §) ti~LlJ!ti ~ ~ tJ14 fil46LITT mt~ ITT~ ~tJ14 0 ml~ 
ITT~~;t,r14frlfi~Ll[!!]~E§43~ITT{ij~JLl~$7J\.~fflG~~fil46o{ij~~~fil46PT~~~~~ta 
~ o l!lllt, PT~ ffl~~fil46~1~~tUJ14fil42o 
[0101J {ij~'¥~W. ~ ~fil46WPT ~JEQJU{irf ;t§~ W.~ITT $~t~tLltJlfr~1Jk5f0~~1irrt§~ W. 
~ITT $~1~tLltJlfr~1Jk~liJ! (ep ~*Jig~) ITT '¥~ITTtiiifITTJ}J~~ o '¥~W.~ ~fil46WP9 ITT$~ 
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:f~tLltJJJr~tl PT ~~'EL 13-t¥{ii~Jiii:ftta~55ITT ¥1Lt¥fi1~~1tf:ITT:f~tLltJlfr~ ti o ~ g z, 'eJ: 
~'¥~~ ~ ~ fil46WPT ~ ~'¥~, '¥~/EQJU $~¥ 1L t¥{ii~~{tf: ITT 0:tH~ tLltJlfr~ ti ITT :c}J~~ o 
[ o 1 osJ fr~~~ JJTh: iJU ~ , Ji ti~~ ;t,t 14 fil46L ITT t$ ~*PT~ x11f {~Ll~]J~ ~ 1t ~ fil44 ITT ;t,t 14 
~~ :lztrltl: ITT O fri3:5f~tt {JG r '1f {~Ll~li 1~ ~ * ~ fil44 ITT 7]( f $ 73\. pJ ~ ff fr r'eJ:~lf {~Ll i1gtl 
79ITT ~$)(to tJlJrtl~ 1t ~fil 12PT ~iffittlf1~Ll~li1~~ ft ~fil44ITT7-k f$73\. mj 1:51f{~Lli1gtl79faJ 

[0109J frYi~~~JJTh:iJU ~, 3iti~~tJ14fil46LITTt$~*PT~x11f1~Ll~li1~~ ft ~fil44ITT;tJ 
14~ iJt ~ :iz1Altl: ITT 'mz ~ pJ ~ ::;f * ffl 1f {~Ll~li 1~ ~ * ~ fil44 0 fri3:5f~tt {JG r 'tlHAs fr;f$ ~* Jiti 
~ ~ ;t,t 14 fil46 L JtJHaJ tJlfr ti~ ft~ fil 12 ~ :5K ii t$ ~*~~ii$ 73\. :l:tl!t$ ~* , tJlfr ti~ ft~ fil 12 ITT J,91 

* 00 lrl/mz {~Ll~* OOPT ~ tm:EJ.iUlfrlf {~Lli1gtl79ITT ~ $~ 0 pJ ~ fr;f$~*3iti ~ ~ tJ14 fil46L 
JtJHaJj¾~:l:tl!t$~*f:IB ~ ft ~$73\.61601f1~Ll~~79' fffrr'eJ:~1f{~Lli1gtl79179 o 
[0110J ~~0012A5f00012B, iffitt1~Hl~m5f~I Z:, PT~fr~&~~1f{~Lli1gtl79~ Jffr:fitEll 
~ ~ * ~ fil 7 3z_t% p)G ~~titJ14 fil O 7F iJHi ITT 1i%m5f~I z; 'EL 13-{8 ::;f ~~ T {t "¥=~ t§m5f~5f0 
~ -=f filmt~ o ~~ ttt,t 14 fil'EL 13-~ ~o tit• 1t tm, m• 1t tm, ~ * ~ ~ ~• 1i tm, ~ 1Jl tit wtut JLz 
~mz~tliifITT~~tf;t,r14ofr~~~JJTh:iJU~, ~~tf;t,r14filPT~ 'EL 13-tit-fttm o PT~iffitt1[£ff 1t 
"¥=~t§m5f~ (LPCVD) mz~ ~ -=f film5f~ (ALD) *%fflG~~titJ14fil O ~~titJ14filITT JJ&PT~fr,AA 
1. 5nmlLl60nmITTffill 179, lirt~PT~*ffl]~jJ\5¥0£::kITTJJ&o 
[o 111 J ~o ~fffr lf {~Ll~li 1~ ~ 1t ~ fil44, IJ!Ll ~~titJ14 fil PT~ 1L:fl% fflGfrlf {~Ll~li 1~ ~ft~ fil 
44ITT*OO_t, * ll1i:fi%fflGfr~~fil46ITT{~U~_to ~o~::;f*ffllf1~Ll~li1~~ 1t ~fil44, IJ!Ll~~tt 
;t,r14fil PT~1L:fi%fflGfr~~tffil32ITT{~U~_t, * ll1i:fi%fflGfr ~~fil46ITT f~U~_t o 
[0112J ;iiHr~rPJ f'f'~iti~Ll, ~1'A:fitEll~~ 1t ~fil73ITT_l7:f ~2z'eJ:~1f{~Lli1gtl79ITT ~$~ 
t$ ~* ~~ tf;t,r14 fil ITT 7-k f $ 73\. o ~~ tf;t,r14 fil ITT 'eJ:~JLl~$ 73\. ~ fflG ~~ti faJ ~~ 1t7 4 o 1f {~Ll ~~79' t¥ 
fr r ii 'eJ:~ 1f {~Ll i1g ti 7 4 II~ ITT 1t5f~ 179 o 
[ 0113] ~ :r,m ff ·~1 ti~Ll I Z: pJ ~ fr ti~Ll{,t "f= ttfi r'J: ~mz ~ 7f-r'J: ~ ITT ti iJG r ~ ti , ~ ;f$ ~* pJ 
:i&ITT1f{~Ll~li1~ ~ ft ~fil445f0f:IB ~ ft ~$73\.6l6ITT fr~ tt~~tf fa] ~~{t7 4ITT3f D r00ITT$ 
73\. o PT~ fr 'eJ:~1f {~Lli1gtl79ITT ~ $~1m:EJ.~ft~ ~1ttJ14 fil 1 OITTTP1* 00 o 
[ o 114 J PT~ iffitt~~ ~:ti~ JfU tLA.JLl ~ ~ 1tt,t14 fil 1 o ITT tm:EJ.~ ft ITT* 00 $ 73\., fr~ ~{t;t,t 

14 fil 1 o ITT fr 'eJ:~lf 1~Ll~~79' ITT r 7f ITT* 00 $ 73\. ~% fflG~tl IX ~61 o 'eJ:~~tl IX ~61 % fflGfr 
~tR (9' 10) ITTfr~tt~~tffa] ~~{t74ITTt§fZITT3f D ~ r00ITT*00$73\.~ 0 EETfriiAIZ:Jt)i 
faJ JiJTiiA ITT :ti~ JfU ~ -=f ITT I~ EL (st rag g 1 e) lo fr !lJJ1 J§ ITT 1~i!Jil3:kI z: JtJi faJ JiJTiiA ITT :ti~ JfU 
~ -=f ITT tl ri'iJ 1tl~, 'eJ:~~tl IX ~61 PT~ Ji~ b~ ~ tt~~tt faJ ~~{t7 4 ITT 3f □ ITT tl ri'iJ ffi II £::k ITT 
tlri'iJffill o 
[0115] ~~{ttJ14fil lOITT fr~tllX~615f0$~~~i1gm$73\.l lZfaJM{$ITT _t $$73\.~ 
fflG$~:l:3;~~fZs11t'l'f ITT7-k f~~{ti1gm59o 7]( f~~{ti1gm59imttt§fZITT ~~i1gm$73\. l l 
3!:ti iu g; ~¥ 1L ~ ~ 1ti1gm:6o O * f ~ ~1ti1gm59:fltEll ~ ti IX ~61 log;~~~ i1gm: w 73\. 
1 L ~t?:%fflG:'x: ~Jiii:1t (32, 46) 179 ITT~ ~fil46Ym:f}Hj¾ITT~~$ITT ~~fil46PT~ 'ELt§:l:3;~~ 
fZs11t'!'f ITT:i&1ltJlJr~tl o'eJ:~~tllX~61%fflGfr~~{t~tR (9, 10) ITT _t $$73\.~ o~~{t 
i1gil! (59' 11, 60) fr'eJ:~~tllX~615fOi,mtllX~63ITT ;t§fZITT~ifzfaJM{$ 0 ~~{ti1gm (59' 
11, 60) 'E113-t¥fii~Jiii:1tta~55ITT¥1i~~1ti1gil!60o 
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[ 0116] 1f {~Ll tltE!liffi :JL ~a~ 7 6 pJ ~ % P>G fr 'eJ:~lf {~Ll ~~7 g' 17'] 0 'eJ:~titElliffi :JL ~a~ 7 6 pJ ~ j:j; 
JEt§fIITT ~~79' 0 pJ ~imttfrlf{~Lli1gtl79ITTJLl~*j:JtJEITT1tl~ (ep '1f{~Ll~~79') ~vUR~d> 
~ f~ ~ ~ tJ14*% fflGtitElliffi :JL~a ~ 7 6 0 iYLl ~□ ' ~y~ f~ ~ ~ ;t,t 14 pJ ~ 'EL 13-~~Hm76A5f□ ~ 

~tj;JE;tJ14$7J\.76Bo ~ ~f'tm76ApJ ~ 'EL 13-~~~ffil'U1m, ~~DTiN, TaN, WN, TiC, TaC, WC, 
~if~, mz~~tiii:1to ~~Hm76AITT JJ&PT~fr1'A3nmlLl30nmITTffill P9, li?l~PT~:?10:§ 
:~>J\5f□ £:::kITT JJ&o ~~tlJEtJ14$7J\.76BPT~ 'EL 13-~~mz~~~if~ o iJLl~D, ~~tj;JE;tJ 
14$7J\.76BpJ~ 'EL 13-W ,Cu,Al ,Co,Ru,Ni -~if~, mz~~tiii:{to 
[0111J PT ~*fflfr5t ~tiii:1t (32, 46) _t OOITTtitEll~ ~ 1t ~fil 731f 7'1{~ 11:fil*f:IB 1t~ 
&~t~~ ~;tJ14o ~D~*ffl{t"f=;tJli'Jr!Gf:IB {,t (CMP) I Z:, IJ!LltitE!l~~ ft ~fil 73PT ~ ffl{fCMP 
{~ ltfil o ~&~l~~ ~;t,r14frlf i~Lli1g1179 ~ ITT'eJ:~JLl~ITT 3i~i$7J\.~ fflG1f 1~LltltE!liffi:JL~a~ 
760 
[011sJ 1f{~LltitElliffi:JL~a~76M1$~rl:'x: ~tiii:1t (32, 46) , :3t _§JitE11~1JklX~6l ITTTP1:zz 
00 o ~□ ~* ffl 1f i~Ll~lH~ ~ 1t ~ fil44, IJ!Ll 1f {~LltitElliffi :JL~a ~76 PT~ titEll lf f~Ll~li t~ ~ 1t ~ fil44 
ITT{~LllL 
[0119] ~~0013A-13E, PT~ ~MtitEll~~ ft ~fil 73:ff PT :i&:1:tl!~tt1iLlil3~fri'Jrt:~ ft ~;t,t 
14$7J\.65*%fflG[)ff 1JDtitElliffi:JL~a~ (88, 86, 8P) o iYLl~o, PT~ ~tt'eJ:~iJUJklX~63_lITTtitEll 
~ ~ 1t ~ fil 7 3*% fflGiJUlktitElliffi :JL~a~88 o PT~~ MtitEll~ ~ 1t ~ fil 73:ff 1l ~ tt 1iLl il3~fri'J 
rt:~ 1t ~;t,r14$7J\.65, fr~ ~fil46_l%fflG~~~titElliffi:JL~a~86 o PT~ ~tt1iLlil3~fri'Jrt:~ * ~tJ14$7J\.651Hifr~rll :ff{tf:ITT ;t§$11,8L%fflG~rll:ff1tf:tltE!liffi:JL~a~8P O ~ ~~titEll 
im:JL~a~86PT~'E113-tltE11~1Jk:l&1l~~~fil46SITT~,t}k:l&1l~titElliffi:JL~a~86S,titEll'¥~ 
~~~fil46WITT ~ ITT t§fIITT~~ITT'¥~~titElliffi:JL~a~86W, ~2SHitE!lt§fIITTiJUJk:l&1l~~ 
~fil46DITTiJUJk:l&1l~titElliffi:JL~a~86D0 
[0120J 0014A-14B00 JF T ,:zjs:03f ITT ~1~~JJTh:iJLl ITT tltE!l IX ~300ITT r $$73\. o frllt~JJTh: iYLl 
~, 5t ~tiii:1t~PT~ 'EL 13-[)ft1J□ ITT~1Jk:l&1liffl~1Jk46SA5fDPT :i&ITT $i&'¥~46WD, ~,Zz;t§fI 
ITTtitElliffi :JL~a~86SA5f□86WD O mi& '¥~46WD7Gt~tLlt¥1ii:ff1¥'-JG~ :W{iiff~~' rm '¥~46WJEQ 
JLlNAND:ff{tf:ITTt~tLliffl~ tlkITT 1t ffl, Jf llt~tLlt¥1ii:ff1¥'-5G~ :W{ii ff~~ o ~□ 0013C, 0013E5f□ 
14BJiJTJF, ~*~tlk:l&1l~titElliffi:JL~a~86SZ~rITTtitElliffi:JL~a~86 ({JU~□, 86SA, 86W, 86WD) ~ 
ITT 'eJ: ~~ pJ ~ 1Bz:3zJJtt ~a~ 20 ITT ;t§ m ITT ~if i'l rPJ II~ 0 fr ~~JF iYLl ~ 'tltE!liffi :JL ~a~ 86 ~ 
ITT'eJ:~~ PT~%P>Gfr83 IJ]~Jttltt~a~20tlrPJ ~~tLlITT~fa] l7'J, 3ttltt~a~20~tt;t§~Jj( f 
f 00~ ITT3f D, i~JJ( ff 00~~~fil46ITT7-k fJ,91:zzOO l:51iLlil3~fri'Jrt:~ ft ~tJ14$7J\.65zl'aJ 
ITTJ'f. 00 o rtrm, ~-mt T~1Jk:l&1l~titElliffi:JL~a~86S)1'u II ITT IJ] ~3ttltt~a~20o 
[0121] 3ttltt~a~20JEQfLJfrfffrlf {~Ll[!J] ~i§43ITT ~ atiw JtftM~~ffil32ITT~ ffE )f□ J~~B ITT 1t 
ffl o frH tifr~~ $ lf f~Ll [!!] ~t 43 _t 00 ITT M~ ~ifil ( iYLl ~□ , 1iLl il3~fri'J rt:~ 1t ~ ;t,t 14 $ 7)\.6 5 5¥□ 1mz 
r$~~~ffil32) Ji~ ,,@~ITT JJ&ITTt1H£ r, EE ri3:t¥ITT JJ~~~ffilt}Hj¾ITT,tJl;J,Jf!G5_1a)3t, fr~~$ 
1f f~Ll [!!] ~t 4 3 _t 00 ITT llt ~~ ~i fil ITT~ fftJ PT ~ ~ 7G ~~ITT o fr i,£ a)j t!:JF iYLl ~ , fr~~$ lf f~Ll [!!] ~t 
4 3 _t 00 ITT ~~ ~i fil ITT JJ J3t PT ~ fr ,A,A 6 0 nm~ 6 0 0nm ITT ffi II P9 , :3f Jl ~fr i'J A :zz 00 ~ ITT 'eJ: ~ ~fr i'J ITT 
tlrPJ R~PT~fr1'A200nm~4ooonmITTffill P9 ofrlltti1JG r, fr~~$1f1~Ll[!J]~i§43_t OOITT~~~i 
fil ITT ,t}l fffiG 5Ea Lt PT ~ JE ~ !DJ Jt j:~ ~B , ep 11 fr~ ,t}k :l& 11 iffl ,t}k ti tEll im :JL ~a~ 8 6 s ITT IX~ P9 iJt ~ 3t 
1Jtt~a~200 
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[ 0122] fr~~ 7F iYLl ~ , ~ ti :lztrl ~ ti tEll iffi :JL ~a~ 8 6 S 1:5 Jt ti tHa ~ 2 0 z.Ja] ITT :luJ\ tl [PJ 7)\. 
~ Ji!e ~ pJ ~AT'¥~~ titElliffi :JL~a ~ 86W 1:5 3t tltt~a~ 2oz fa] ITT 1f 1PJ •JJ\tl [PJ 7)\. ~ Ji!e ~ 0 

fr~~JFiJLl ~ , fr 1:5 ¥ 1L $ra~VA;t§Ji!e ~tl:lztrltJl!HltitElliffi :JL~a~86S ITT .Atl fPJ R ~MLDITT 
-1if 179 (m~□ 2. s1if 179, m~□W31if 179 (ep, =1if) , m~□~1if~ 179) ITT!f~1tl~7f-13-1f1PJ3ttttt 
~a~20, ¥1L$ra~VA~M~tl:lztrltJJJHltitElliffi:JL~a~86SITT JL1PJ ~ {,,GCo 3ttltt~a~20{trr 
~~ITT'¥~ tJJJHI ti tElliffi :JL ~a~ ( 8 6W , 8 6WD) 5¥□ iJUl:iztrl tJJJHI ti tEll im :JL ~a~~ [I ( ep , fr. A 
tlri'DR~ =1if 179) , ~□ 0014B~ JiJTJF o 
[0123] fr~~JFiJLl ~, ~tl:lztrl~titElliffi:JL~a~86SpJ ~%fflGfrl:5~tl:lztrl~ ~~fil46S 
ITT-~TIITTrumMri'D~~~*ffiri'D*~~~ITT~I~,*~~~Ar~m~~8m~Mim 
:JL~a~46SITT.Atl ri'D R ~MLD o ~o*x ~ JiJT ffl ITT, 5G1tf:ITT ".Atl ri'D R ~,, ~t~5G1tf:fr7J( f 
~0000 ITT!f~ic,g,~pJ~~~Ll;ITT.AR~ ofr~®tf1JG r, ~tl~1l~~~fil46SITT.Atl 
ri'DR~MLSPT~~~tl~1l~~~fil46SITTH1£:ofr~®~1mti1JGr ,~tl~1l~~~fil46S 
ITT.Atlri'DR~MLSPT~~fr~tl~1l~~~fil46SITTJJ(f~00%~z~PT~1:JGiLlITT.A 
1AAII ITT -1:$@~ o~tl~1l~ ~~fil46SPT~Jl~¥1L {~Um, mzffi%1~Llmo 
[0124] iJLl~D' m~fr~M~tl~1ltitElliffi:JL~a~86SITT JL1PJ~ 'l.'GCITT¥1i$ra~VA~Jl;t§ 
tJJ:l:tl!titEll~tl~118tltitElliffi:JL~a~46SITT.tiTIITT {~Um ITT littITT ~15°: PT ~Ji~ ~1£:R, ~ 
1£:R~~tl~1l8tltitElliffi:JL~a~86SITT.Atlri'DR~MLDITT~&~1if~ofr~~JFiJLl~ ,'¥ 
~~titElliffi:JL~a~86W~ ITT{ij~~ PT~%fflG~t§fIITT.Atlri'DR~ ,:ff Jl PT~l:53ttltt~a 
~ 20 ~ITT.TI ITT~~ tl [PJ :1:tl! fa]~~* tl [PJ Ji!e ~ 'tl [PJ Ji!e ~ Jj\ T ;t§ m ITT .Atl [PJ R ~ 0 fr~~ 
JFiJLl ~ , ~ ti~ 118 ti titElliffi :JL~a ~ 86S ITT .Atl ri'D R ~MLD PT~ 1:5 '¥ ~ ~ titElliffi :JL~a ~ 
86WITT.Atlri'DR~;t§~ o 
[0125] *0* ITT JFiJLltHa~'EL 13- - ttt¥1ii:ff:ff1tf: 0 - ttt¥1ii:ff:ff1tf:'E1tr5: 1irr1Hlz (9' 

10) z_tITT~~~ffil325f□ ~~fil46ITT:'x: ~:l:iii:1t (32, 46) , ~~ ~~fil46'ELtrS~tl~1l~~~ 
fil46S5fD1irr~tl~1l~~~fil46Sz_tITT'¥~~~~fil46W; M1$~rl5t ~:l:iii:1t (32 ,46) 
ITT t¥1ii :ff :l:i ii: 1t ~a~ 5 5 , ~ ~ t¥1ii :ff :l:i ii: 1t ~a~ 5 5 ~ ITT 4ij ~~'El, trS t¥1ii :ff ~J 50 5¥□ titEll ff 1ii 
:ff~J50ITT 179 f~LlmITT¥1i~~1ti1gil!60; i'J'El' IX~, 5t ~:l:iii:1t (32, 46) 179~*•r,mw~~fil46 
z~rITT{ij~~~fil46frtJ'El' IX~~ b~:'x: ~:l:iii:1t (32, 46) 179 ITT_t OOITT ~~fil46tlri'D:1:tl!M1$ 
1~ £fil; frtJ'El' IX~L00ITT1iLl*~fr;fJrt:~ ft ~;t,rf]j.$73\.65; 3ttltt~a~20, 3ttltt~a~201ir 
ri'J'El' IX~~, Jt llM1$~M1iLl*~fri'Jrt:~ 1t ~;t,rf]j.$73\.655¥□ :'x: ~:l:iii:1t (32, 46) ; ~ti~ 
11~ titElliffi :JL~a ~ 86S , ~ ti~ 11 ~ titElliffi :JL~a ~ 86S M 1$ ~ tt 1iLl *~fr;fJ rt:~ ft~ ;t,rf]j. $ 7)\. 
65:ff lltitEll~tl~1l~ ~ ~fil46S; ~lz '¥~~titElliffi:JL~a~86W, '¥~~titElliffi:JL~a~86W 
M 1$ ~ tt 1iLl rn,~f)' ;ft rt:~ ft~ ;t,t 14 $ 73\.6 5 Jt Jl titEll '¥ ~ ~ ~ ~ fil46W ~ ITT ;t§ fI ITT~~; ~ ~ 
~tl~1l~titElliffi:JL~a~s6sl:5Jttttt~a~2ozfaJITT•11\1lri'D7J\.~Ji!e~*r*~~titElliffi 
:JL~a~86Wl:53ttltt~a~20ZfaJ ITT1f1PJ •JJ\tlri'D 7)\. ~Ji!e ~ 0 

[0126] fr~~JFiJLl~ ,~tl~1l~~~fil46S'ELtrS~tl~1l8~tl, l:5~M~tl~1l8tl 
titElliffi :JL~a ~86S ITT JL 1PJ ~ 'l.'GC ITT¥ 1L $ra~VA;t§ Ji!e ~ti~ 118 tltitElliffi :JL~a ~86S ITT•* 
tlri'D R~MLDW31if 179 ITT!f~1tl~PT ~7f-13-1f1PJ3ttltt~a~20, :ff Jl PT~ EE'EL 13-:'x: ~:l:iii:1t 
( 3 2 , 46) ITT• J,91 fil ITT J,91 :zz 00ITT7J(ff001:5 'EL 13-~ ti~ 11 ~ ~ ~ fil 46 s ITT J,91 :zz 00 ITT 7J( ff 00 
zfa] ITT1iLl*~fr;fJrt:~ * ~;t,rf]j.$73\.65ITT~ * ~;t,rf]j.~)J)G 0 
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[0121J fr~~JFiJU~, ~fri'Jrt::zzOOfri'J'El' IX~~ Nvx. ~j:fii:1t (32, 46) ITT~~filJ!tiM 
1$lLl5t ~j:fii:1t (32' 46) ITT~J,91fil' * ll3zJJtHa~20~ tt~fr;fJrt::zzOOITT{ij~Jj( f:zzOO O fr 
~~JF iJLl ~ , '¥ ~ tJHl tElliffi :JL ~a~ 46W ~ ITT 4ij ~~Ji~ ;t§ fl ITT~ A ;fl fPJ R ~ , :3f Jl 1:5 3zJJ tt 
~a~ 2 0 ~ ITT~ ili: ITT~~ ;fl [PJ :1:tl! fa] ~~ 7T Jj\ T ;t§ m ITT~ A ;fl [PJ R ~ ITT ;fl [PJ Ji!e ~ 0 iJLl ~□ ' 4ij ~ '¥ 
~ W. tltE!liffi :JL ~a~ 46WITT ~AH 15°: PT~ AT'¥~ W. tltE!liffi :JL ~a~ 46W 1:5 3t tltt ~a~ 20 Z fa] 
ITT~ Jj\ tl [PJ Ji!e ~ 0 fr~ ~JF iJLl ~ ' ~ tl:lztrl W. tl tEll;@ :JL ~a~ 8 6S pJ ~ 1:5 ~ tl:lztrl w. ~ ~ fil 
46S ITT ~tiili: ITT {~Ll~tl ri'D :1:tl! faJ ~~ 3f AT~ tl:l& 1liffl tltitElliffi :JL~a ~ 86S ITT ~Atl ri'D R ~ ITT 
tl ri'D 7)\. ~ Ji!e ~ o 

co12sJ fr~~JF1Yu~ ,Jttttt~a~20~ ITT4ij~~~1i~~;;1gm:w7J\.11,~~;;1gm:w7J\.11 
titEll~tlz (9, 10) ~ ITT~~1tt,t14fil l0ofr~~JFiJU~, Jttltt~a~20~ ITT4ij~~~t§1:trT 
~~;;1gil!$73\. l ll:5~1l:l&1lW. ~~fil46SzfaJ ITT'l'f~~ ft ~fa] ~~1tl 16 o 
[o 129J fr ~~JFiJU ~ , 3t tltt~a ~ 20 ~ ITT 4ij~~~t§ t¥{ii :ff ~J50, 1ir T t¥{ii iUJ50179 Jl 
tltE11~~;;1gm: $73\. l l ITT ¥1L ~~1t;;1gil!60, ~ lJz 1iIT¥H ~~1t;;1gil!60ITTT,91ftw$~ITT lffiffitl 
IX~63 0 fr~~JFiJU ~ '3ttltt~a~20~ ITT~~~tt~1l:l&1lW. ~ ~fil46S5f□ {iLlil3~fr;fJrt:~ 
1t ~ ;t,t 14 $ 7)\.6 5 , * 1l ~ 13-ti tEll 1iLl il3 ~fr ;ft rt:~ 1t ~ ;t,t 14 $ 7)\.6 5 ITT ;t§ fl ITT~~ ;;1g ii!$ 7)\.11 o 
frllttf lJG r, ±3:t¥ITT 3ttltt~a~20::;f ~ tt~*~tl:l&1lW. ~ ~fil46SZ~r ITT 1f{PJ~1m ~ ~fil 
460 

[0130] fr~JJTh:iJU ~, {ij~f¥1ii:ffj:fii:1t~a~55frt§BZITT ~~;;1gil!$73\.11_t 00 :3tl:5Zti 
tEll, {ij~¥ 1L ~ ~1t;;1gil!60 ITT _tftw$ l:5 ;t§ fl ITT lffiffitl IX ~63tltE!l, :3f Jl titEllt¥1ii :ff j:f ii:1t~a 
~ 5 5 ITT {ij~ lffiffi ti IX~ 6 31:5 ;t§ fl ITT lffiffi ti tltE!liffi :JL ~a~ 88tl tEll , ;t§ fl ITT lffiffi ti tltE!liffi :JL ~a~ 88 ilx 
AfrtitEllW.~ ft ~fil73179 ,tltE!lW.~ ft ~fil73frtt1ii:ffl45U IX~ (iJLl~o, t¥1ii:fff 00) 100~ 
fr t¥1ii :ff j:f ii: 1t ~a~ 5 5 _t 00 0 3t tltt ~a~ 20 ~ ITT 4ij ~~ ITT If~ J,91 * OOPT ~ fr tltE!l IX~ 300 
~ 1:5 tltE!lW. ~ 1t ~ fil 7 3 ITT ~:zz 00 tltE!l o 
[0131] fr~~~JJTh:iJU ~, - tit¥1ii:ff:ff1tf:~t§¥1iNANDf¥{ii:ff:ff1tf: o ~ ~fil46PT ~ ~trS 
mzPT ~ ~3itilLlJ¥LJ=,- tiNANDt¥1ii:ff:ff1tf:ITT ;t§$'¥~ o~tlz (9, 10) PT~ ~t§li~tRo ¥1L 
NANDtt{ii :ff :ff1tf: PT~ ~t§ li~;fjz_t ITT 1¥'- J=, - tiNAND $ ITT 14 5U o 1¥'- J=, - tiNAND $ ITT 14 5U ITT 
~~:ff1tf:W. ~ ITT ~y~~f¥1ii:ff1¥'-5G (~o~JJlY'J ~ :W1iit¥ fil54ITT fr '¥~W. ~ ~fil46WITTW. 
~ITT$73\.) PT ~1iIT J¥LJ=,-tlNAND$ ITTl45UITT~=:ff1tf:W. ~ ITT yj~~f¥1ii:ff1¥'-5G (~o~JJ;l 
7'J~:W1iittfil54ITTfrYi~~'¥~W.~~fil46WITTW.~ITT Yi~~$73\.) z_t oli~tlzPT~ 13-~ 
~!VG ~Ji!~, ~!VG~ Ji!~~t§1irTli~;fj_t ITT t¥1ii:ff:ff1tf: ITT ~13:i}J:ff ~ Ji!~ o '¥~W. ~ ~ fil46WPT ~ 
~ trS $ ~ t~ tLl tJlfr ~ ti , t~ tLl tJlfr ~ ti Ji~~~ _t f ff T ~ti (9 , 1 o) ITT r,m :zz 00 ( iJLl ~□ fr 1f {~Ll ;;1g 
1179 ITT x1 z faJ) M 1$ ITT~% o $ ~t~ tLliffl ~ tl~d>~t§1ir T~ ~ :ff1tf:W. ~ITT~ ~t~ tLliffl ~ 
tl5¥D1ir T~ =:ff1tf:W. ~ITT~ =t~ tLliffl ~ ti o 1¥'- J=, - tiNAND $ ITT 14 5U PT~ ~trS: $ ~ ~ ~1t 
;;1gm: (59, 11, 60) , ~ ~ g;~~~1t;;1gm: (59, 11, 60) ~ ITT{ij~~ITT ~&~~twWW7J\.6o~ ~ 
_t.¥1[ T~tlz (9, 10) ITTTP1:zz OOM1$; ~ JJz$~~ :W1iit¥5G1tf: (~o~JJlY'J ~ :Wtffi~tJ14$ 
73\.) 04ij~~:w1itt¥5G1tf:PT~1iITt§4~T$~~~1t;;1gm: (59, 11, 60) ~ ITTt§fIITT~~ o 
[0 132] ~□ 00 15 JiJTJF 'frJJJl ~tt7[t - ttt¥1ii :ff :ff1tf: ITT tLlmI z:; ~ 'pJ ~~Rj-:_Jt tltt~a ~ 20 
1:5 ~ ~ filtitElliffi :JL~a~ 86:z,fa] ITT qf ~~1t O llt~r '~ ~ ;;1gm: $73\. l l ITT J,91:zz 00 % P>Gfr ~ 13-~ 
tl:l& 11 W. ~ ~ fil46 s ITT J,91 :zz 00 ITT 7-k ff 00 _t 7J , 129 7'J ~ tl:l& 11 W. ~ ~ fil46S rm ~fr ~If~ JJ 

25 

Micron Ex. 1002, p. 576 
Micron v. YMTC 
IPR2024-00910



CN 108886040 A 21/211Jr 

[jtz_t 111j¾ ~ 1ffiali'. 0 {tr T 1xM 1$ ~ tt~ tlk:l& 11 w. ~ ~ fil46S rm 7G M 1$ ~ tt 1f 1PJ '¥ ~ w. ~ ~ 
fil 46W ITT 4ij ~ 3zJJ tHa ~ 20 17'] ITT~~ ~1g TI!$ 7)\.11 tl tEll 1iU * ~fr i'J A~*~ fJ 14 $ 7)\.6 5 0 ±3: 1¥ 
ITT ~~~1gm: $73\. l l ~ ~ *1rn~ JLl~1lk:l&1lW.1itElliffi :JL~a~86S ITT 1~ [PJ '~□ 0015 JiJTJF 0 

[o 133] fr* 03f ITT~ JJTh: iJU ~ , iffittJJ._frs ~ fr {ij~~ 1lk:l&1l W. :ritElliffi :JL~a ~ 86S ITT JL 1PJ ~ 
{dtt ITT fm IE 1t t5Hr'3 ~* 3zJI tt ~a~ 2 O , ~ 1[£ mz ir'3 ~* T ~ tlk:l& 11 W. ti tElliffi :JL ~a~ 8 6 S 1:5 ~ ~ ~1g 
ii!$ 7)\.1 1 z fa] ITT~ *1rn~ ITT PT~~ tL 1!1 llt, PT~ iffitt r'J:~x tltt~a~ 20ITT00~,111~))_~ ~ % 
fflG ~ tlk:l& 1ltJJJHlk :ritElliffi :JL ~a~ 86 ITT IX~~--mt 3t ti tt~a ~ 2 O , rm !DJ 11: EE~ tlk:l& 11 W. :ritElliffi :JL 
~a~ 86S 1:5 3t tltt~a ~ 20 ITT :?KX'J 1iJiJT ~ IJc ITT~ *1rn~ 0 fr~ tlk:l& 11W. ~ ~ fil46S _t 00 ITT w. ~ ITT 
1iu il3~fri'J rt:~ 1t ~ 1J 14 $ 7)\.6 sJi ~ JE ~ ITT JJ J3t , ~a% fflG 1f f~Ll [!!] ~t 43 JtJi faJ !DJ 11: ~% , 111~ 
fr~tlk:l&1lW.1itElliffi:JL~a~86SITT IX~~ 7Grm ~3ttltt~a~20 0 

[ 0134] iffitt 'EL 13-~ tlk:l& 11 W. :titElliffi :JL ~a~ 86 s 5¥□ 3t tltt ~a~ 20 ITT~ 5f~ JG 1tf: ITT JL 1PJWclr.' 
*03fITT~~~~~PT~m~--~~~~#ITT~~~$~m~ITTPT3tto 
[0135J f?'!'ffrr;1~~};& lz~IEITT1Jt:i&~JJTh:1JU, 1s ~$3:EJ.t~, *03f 7G~~r lltox1r*~9i~ITT 
~iffitt*A~rmg,PT~x1~03fITT~JJTh:~*~~#~a,#Hllt~~a~ooa*0*ITT 
m !I P9 0 a* 0 * ~ 7F tB * m ~ IE ~a~ 5¥□ 1 mz Wclr. ITT~ JJTh: 1Yu ITT ti {JG r , mi~ :EJ. m~ , * 0 * PT 
~*ffl:cJJ~~_t~~ ITT 1f1PJ~1teJWt~~a~5¥□1mzwclr.*~ ~. ~ ~llt~~ 1~::;;r-~S)j 11Jfl~ 11:ITT, 
mzx1r*~9i~ITT~iffitt*A~rm g ~7GPT~~ITT oft*X~ JiJr5i fflITTJiJr~t±:!Jt&tm, ~lLl$m 
5f□ ~tLli:?Jimtt51 ffl~~!rf1t# A*Xo 
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Three-dimensional memory and manufacturing method thereof 

Abstract 

The invention discloses a three-dimensional memory manufacturing method. The method comprises steps: a stacking structure 
of a first material layer and a second material layer is formed on a substrate; the stacking structure is etched to expose the 
substrate, and multiple vertical first open holes are formed; a filling layer is formed in each first open hole; the stacking structure 
is etched to expose the substrate round each first open hole, and multiple vertical second open holes are formed, a vertical 
channel layer and a drain are formed in each second open hole; filling layers are selectively etched and removed to expose the 
first open holes again; part of the second material layer is laterally etched or the second material layer is fully removed, and a 
groove is left; a gate stacking structure is formed in the groove; and a common source is formed on/in the substrate of the 
bottom part of each first open hole. According to the three-dimensional memory manufacturing method of the invention, a word 
line deep groove of a TCAT three-dimensional device is replaced by deep hole etching to achieve the same functions, the 
integration density is improved, the etching technology of the stacking structure is simplified, and control performance of the 

metal gate is remained. 
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1. -;f~ - ttZf:1i1ff~Um:7Ji!, 'E1ti5W#l : 
fttt~L%)J)Gffi-ttM~~ffi=ttM~~~~M~; 
~~~~M~Bllitt~,%P>G¥H~$~ffi-HR; 
ft&~ffi-HJL~%)J)GrJ!JE~ ; 
ft&~ffi-HJLm IE, ~ut£1t~~Mt1g B lli tt ~, % P>G¥H B~ $ ~ffi =HJL ; 
ft&~ffi=HR~%P>G¥H~~m~~~m; 
~~tt~~~~~ft~,mffiBlliffi-HR; 
00~~~$*~~~~~~ffi=ttM~,ffi~~~; 
ft~~~%P>GtBJHJk~~Mt1g ; 
ft&~ffi-HR~$~tt~L~/~~%P>G~~mo 

1/2 }n 

2. ~rifX~LlJL1t 1 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, ffi-fJ14~,ffi=fJ14~,rJl;ft~ 
-~zOOA~~§~~~~~~~tto 

3. ~rifX~LlJL1t 2 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, ffi-fJ14~,ffi=fJ14~,rJl;ft~ 
fJ 14 ~ § $\. 1t a, m 1t a, m$\.1t a,~ r: rs a,~ r: rs ffi, oLc, ~ r: rs~, s~ 11:~-;f~ EzJt tli15- a 

4. ~rifX~LlJL1t 1 J=ifi3£B~ -ttZf:1i1ff~Um:7Ji!, Jt:~, ffi-HJLB~R ,tj(-=f~~rffi= 
HJLB~R,t o 

5. ~QfX~LlJL1t 1 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~' igm~ A~ lli\'E1ti5fig~i'dts~ ~ ~ 
Mt1g o 

6. ~rifX~LlJI-1t 1 J=ifi3£B~ -ttZf:1i1ff~Um:7Ji!, Jt:~, %P>G~~tlkzJ§it!:-W'E1ti5, ft& 
~ffi-HROOM%P>G~-~,ft~-~OOM~Ez&~ffi-HR~$%)J)G~ti~~IR~~ti 
~o 

7. ~rifX~LlJI-1t 6 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, %P>G~fo£1!~zS1~~zJ§it!:-W 
'E1M,~~m~I£~~~~@~~ffl~ti~~ffiffi*r~m~~M~•ffi~~~oo,# 
li*ffl fig.~ @tjj; 0 

s. ~rifX~LlJI-1t 6 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, %P>G~fo£1!~zJ§it!:-W'E1ti5, ~uti 
~~$*ffi-ttM~,~m~~M~%)J)Gffi-HR,ftffi-HR~m~~-ttM%P>G~~ 
m~~M~-ffi~zOO~~~~-!Ro 

9. ~rifX~LlJI-1t s J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, %P>G~~ ~tig•fRzJ§it!:-W'E1ti5, 
ftff#L%P>G~OO*ffl~,~~~OO*ffl~%P>Gffi~HRH~Blli~ti~,~ft~~%P>G 
~~~'Jl~o 

10. ~rifX~LlJI-1t 9 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, %P>G~~~~fo£1!!£zJ§it!:-W'E1 
ti5, ftff1tf: L% )J)Gffi =~ rs:1 * )}n~, ~utiffi =~ rs:1 * )}n~ % )J)Gffi n HJLA~~ BigmtR, j:jj; 
ft~~%P>G{\L~~fo£Ro 

11. ~QfX~LlJI-1t 1 J=ifi3£B~ - ttZf:1i1ff~Um:7Ji!, Jt:~, ~ut£k%)J)Gffi-HJLz fiJit!:-W'EL 
ffl,ft~~IR~mlE~*~~ti!R~~~~~M~%P>G~~,*~aB&~ffi-ttM~~ 
ffi=fJ14~ s~ft/m$ o 

12. -;f~ - ttZf:1i1ff~Um:7Ji!, 'E1ti5W#l : 
fttt~L%)J)Gffi-ttM~~ffi=ttM~~~~M~; 
~~~~M~Bllitt~,~S1%P>G¥H~$~ffi-HR~Ezft&~ffi-HRm!E~$ 
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'1'ffi=HJL; 
tE&'1'ffi-HJL~%JJ)GrJ!JE~ ; 
tE&'1'ffi=HR~%P>G¥H~~m~~~m; 
~~tt~~~~~~~,mffiBlliffi-HR; 
00~~~$*~~~~~~ffi=ttM~,ffi~~~; 
tE~~~%P>GtBJHJkjfai:~t1g ; 
tE&'1'ffi-HR~$~tt~L~/~~%P>G~~mo 
13. -;f~ ~ tl111i1~, 'E1ti5 : 

2/2 ]n 

tEtt~L¥H*;;fffs~$'1'~~ti'71~, 1=5tt~~;fo I ~LB~~~tlk~fo£1!; 
tE&'1'~~tlk'J I ~m !E¥H rtt~*;;fff B~$'1'igm~' &'1'igm~T,Df$Jl~l)r,1HJk ; 
tE&'1'~m~OOML~$'1'~-~~~~&tE&'1'~-~~~~00~$'1'~mjf,1: 

~t1go 

3 

Micron Ex. 1002, p. 611 
Micron v. YMTC 
IPR2024-00910



CN 104157654 A 1/7}n 

tl#:~9iti 
[0001 J * 1t SA~ & -;f~ ¥-~ 1*H14 & Jt ~Um: :1Jtt, t~ JJiJ ~ ~ & - ;f~ ~ m tt ~ tl 111i1ff & 
Jt: ~lj m: :1Jtt 0 

:,11::..§.-1,±--.1,!­
~ ~1.X/l'-

[0002] AT e51:ftZf:1itH1tf:s{]m It,~~ c~:£r1zi!{JJ riiJf1t~ 1J\=tt:rir1:s{]Zf:1itHJ¥L5G 
s{],R. ,ts{]:1Jtto ~mfr =tt (2D) Zf:1i1ff1tf:B{]Zf:1i1ff1¥L5GR ,tfftimf~, 1t%lrfl~;fP-=f;j'}t~~ 
~ri:f:, ~~rxtl2J1)\,fi$~f1¥L5G (MLC) ti1ia AT:R:n~ 2D Zf:1i1ff1tf:B{]~~~lj,~~B~:£ 
ii}f /t T JI_~~ tl (3D) Mt1g s{]Zf:1i1ff14, iflU1~~Zf:1i1ff1¥L 5G ~ tlr-fu;;fff :'i=ftH miz_t:;:;l~m ~ 
~}J)G'fil&o 
[0003] ~~ § fiJ-;f~,m, ffl s{] 3D Zf:1i1ff14Mt1g~~l::~t~•5G~$Jlj rs1*1'f (TCAT) 0 Jl1*rih, 
PT ~ 1t 5t ft H mi _t 1JUR $~al: ~ M t1g C 1}U ~p $(. 1-IAm ;f P ffl 1-IAm 5t ff s{] $ ~ ONO M t1g ) ;ii i1 
~~~tt~~~I£~Hmi_l$~ai:~M~~~ffi%px;mffZf:~ff1¥L5G*~~Llfil~~ 
~ -5t;;fff ,¥H rHmi*ffis{]$~11gil!!imJL C pJl[Jt:H mi*ffi~:;Jf JI_~ -5Ejj:~iJti) ;ft12gJJ1! 
imR~m~$rsa~ttM%px;tt~~m;mffn~~~~$~ii:~M~%px;ltJt:Hmi~ 
1g tt, ilt ili 'EL IE fttt~11g mm IE s{] $~ii:~ ; tt xt ii:~~ t§ ~~ ~ z rsJ s{] ~u tinHf tL nHf ~U 
~~~~tt~~M~~~~~~ai:~~~ffi=~~ttM,fttt~~mmlEffi~ffi~-5t;;fff~ 
ffi-~~ttM~px;~~®M~;ft~t1~~®M~~OOMm~~k*ffittM~$m*m~ 
~2z~~ttffi~$m~~~~px;~$m~a1:;~~a1:~M~%px;~~~ti#~px;m~~m: 
I£0 ~~,ai:~M~fttt~~il1!00Mffi~~-$-5t~®%px;T$~mzoo~~~~,ffiffi 
~~$m~a1:~~ft$~~~~zOO~A~~~m 0 ~~$m~~~lli~,$m~~-~ 
~~~ffl~~$rslittM~tt~~il!!OOM_l~@%px;~~IR,rn~~}J)G$~$#~~~Zf: 
1¥L5Gt1gpx;s{] i'l ~$JiJffiictw:J:tfiZf:1i1B{]J2'.$t~~o Jl:~, A T~~1¥L5GIR$~$ #~ MOSFET 1t% 
5 I ili , ft tt ~ 12g iii! J,m $ 1JUR j:Jj; fE $ rs li ;f-;r *21-% px; i)ffi lR , # % px; l5 i)ffi lR ~Ji~ s{] ~~~in£!!!£ 
~it!:-W~Ji~~_t~s{]1iz:~ (bit-line, BL) o ~5r,ft$~¥1ttt~1gil!!zi'sJHmi~% 
px;ffi~~~li~~~ti~~ffl~IRaft1¥L5G~im~~~,~~M~ffl~IR~~mlE~¥1t 
~m!R,#ft~~$mCl5*~nffl3i)~~~~~~lli~ffl~~_t~tt¥1t~m~~@ 
~px;~$~~~1R,imi1~mffi$~~1Rffiit!:-W~~_t~~~~o 
[ooo4J i~ TCAT ff1tf:Mt1gJl~1*~~i ( r&~~~iJ$tiPT~5l®~@~lJffi!R~&i-'¥-$ti~ 
~~~1-t, ~~~1*~~i) ,~~$ti C ~~tt~ff:imi1~~iJ~~:r;rf4~~iJr}JBl§~J,,\ffiiJaJ-=i1 rs1* 
l'rl~m) ~i~$1Jt,8 0 1B ~:!H-~ffi' rn-=f~i TT,DI$s{]~tf rs1*1'f (USG, -fir-=f Zf:1itrs1*1'f 
J¥L5t$_t~) Z5r, Jl:*$til5*~ (WL) Ji~t~~imrl~UtiJLittfi~~tt~, # Ji*fflm 
$ I £~1j ti~ ~i1jg $ ti% px;$ ti 3T D #iJUR~ ~$ti, ~;f~ ti~ i* ~ I::~ (AR 1}U ~P ii ,m, AT 
40: 1 JJ~ 100: 1) s{]1*~fn£1!JL ~&$ti:H □ ~~ rn r1J11R$ ~ff'~J® 111t~Itri:t:, it!:® 11 
1f TCA T s{] Zf:1i11¥L JG'fil It3at~ ~~it!:-±17 ~!J\ 0 IA]~' i*i'1 B{] ~lj ti;f P i*JUgil!! s{] ~lj ti cg~ ~xt 
$ ~ ~tt s{] ~lj ti' I£ ~3'i~ It q~ ~' i*JL;f P i*i'1 s{] %~~~ 111f ~lj tis{] I£ tft~~ ?fi ~1-t 0 
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[0005] 1=5 TCAT tz::;txt@B~, :!H-;f~,m, ffl B~ff1tf:Mt1g1}U~Q~*ffl1irP>G*PTmi~ (Bi CS) B~ 
NANo Mt1g, i1u1~~H1itff J¥L JG - tt±-m;;fff :'i= fr H miz_t*m ~ ~P>Gm It, Jt "P 1gm~ ¥ 1t'l£ 
JLfrf'JmiL, ffltti?J'Ar ~B~~1fffltti, cp ~B~~~Ufflttil;J,Ez_t~s~~1fffltti - $?t, imrl 
~~ffltti1t %?t;;ffffr - flifflt ~ti cp l;J,~1J\1t %z i'sJ B~ $ 1Jto JUt±-fu, _t~;for ~ B~ff1tf:ffl 1t 
~1f ErHtl'f-ffltti~It 1 ~It~J:s~¥1t MosFET, ffltti11' JJJt~ A,m,1is~1¥L~ ~ k ;f-Jf4 ; 
cp ~ B~ff1tf:ffl 1iH1i11¥LJG$, ffltti~It I ~It~1J\, fflttifr JJJt~ A ~I~ ~,H1i1~, ~lit~~ 
B~jfai:Mt1go ~-=f BiCS B~ NAND Mt1gff1tf:B~Jl1*~Um:IZ::-~x'El,1i5,frliHmi_liJURr~ 
~~1r~m~,~~r~~~1r~m~%P>G1t~Hmi~R~l;J,m~~m~~r$?tl;J,Ezr 
~ Ir ~ ti B~ '7 I !:±Hi in£!!, fr _t :1J 1JUR ~ ~U Ir ti~ , ~U ti~ ~U Ir ti~% P>G 1t AH 1i1 ff 1¥L JG lR ~-t 
B~ cp i'sJigil!!fR l;J,Ez cp ~~~Ufflt ~tiB~'J I ili ~fo£1!, ~Uti%P>G~~Uffltti, ~Jffl '¥~, 1iz:~:tiJ?t'rlfr 
J}~~~~ff1tf:?t%'iJA$~!R~-t, frZL1JUR_l~~1f ffltti#~Uti,1JUR%)J)G_t$1gil!!l;J,Ez 
_t~'JI ili~fo£1!, ZJ§*fflJ§tiIZ::%P>Gff1tf:B~~Um:a fr BiCS Mt1gcp, ~iT ;ii_t:1Js~~1frs 
1*1'f USG Z5r, r7JB~?fi~fflr ~til~PT l;J,~ftRiJt, t§xt-=f TCAT rm§ PT l;),JJlt:%1*12g~ ,1*1l 
~fo£1!IZ::, ~~Urm~H1itffm &a fr~;f~ IZ::i1f¥cp, :iiA~'ftB~~UtiW#lH£frrxt-=f cp 
i'sJ~H1i1ffigil!!fR:frI'J I ili~fo£1!B~ft~iJ, ~1t~lR5E T~~ff1tf:B~~P>Glt l;J,Ez1t %m-=f1Jt~~ 
jJ O ~rm' Bi cs M t1g .ii~ imrl H1i1 ~~pJlj 1=j ~ 1'¥ rs 1* l'f jf ai:JJ)[][ rm* JJiJ ~lj ffl ~ ~ljfflr ti,~ fJ'L 
#Himi1?t~~~fflrmJ&¥:%Ti1A~~~~~tiR~fflrmH □ ~~~IZ::,~~R~imi1 

$ rs li;f-;r JJJt B~ Ir tk~ ~ i)r,lHi 1fll:1Jffi ~ 1111 ( G ID L) ittfi1~Hi, 3c i!ittfi 1*~ ~i, i~ ~ ~:!z ~~ 1!£ o 

~~J:lpq~ 
cooo6J rn _tpfiJ£, *'fe:. SA s~ § s~frr:R:n~_tJ£tz::;tl!lxt, -;f~~~ l;J,~1t£P>G*~fJG~fo£1!JI 
~#H~~~~fflr~~tt~~ffi~--H~ffM~~~m:7J~o 
[0001J AJlt, *'fe:.SA-:1Jffim1f¾T -;f~ -ttH1i1ff~Um::1Jit, 'E1,1i5W#l :frHmi_l%JJ)Gffi 
-ttM~1=5ffi=ttM~~jfai:M~;~~jfai:M~BiliHmi,%P>G¥1t~$~ffi-HR; 
fr&~ffi-HJLcp%JJ)GrJ!JE~ ;fr&~ffi-HJLm!E, ~Utijfai:Mt1gBiliHmi, %P>G¥HB~ 
$ ~ ffi = H JL ; fr&~ ffi = H JL cp % P>G ¥ 1t B~ 1g iii!~ ;fo iJffi ti ; ~ 1f 'fi~U ti~ ~i tJ!; fE ~, £ 
ffiBiliffi-HR;00~~~$?t~~jG~~~ffi=ttM~,ffir~~;fr~~"P%P>Gffltm 
jfai:M~;fr&~ffi-HRmi$~Hmi_t~/~cp%JJ)G~~m 0 

[ooosJ Jt:cp, ffi-;f-Jf4~,ffi=;f-Jf4~,tJ!;JE~ - ~zi'sJJl~~ § ::f[A]s~~Uti~1f'ria 
[ooogJ Jt:cp, ffi-;f-Jf4~, ffi=;f-Jf4~,tJ!;JE~;f-Jf4~ § $\.1tli, ffl1tli,ffl$\.1tli, ~F rs 
a,~r:rsffi, oLc~r:rs~,s~f:E~-;f~ EzJttli15- 0 

[0010J Jtcp, ffi-HJLB~R ,tJ:-=f~~rffi=HJLB~R ,t 0 

[ 0011] Jt: cp ' 12g iii!~ A cp I li\ 'El, 115 fig. 1* B~ cp ~ M t1g 0 

[0012J Jt:cp, %P>G~~tizJ§:ltt-W'E1,115, fr&~ffi-HJL1~Hi%JJ)Gfig-~, frfig-~1~U 
Ml;J,Ez&~ffi-HRmi$%JJ)G~ti~~IR~~ti~ 0 

[0013J Jt:cp, %P>G~fo£1!~zS1~~zJ§it!:-W'E1,15, ~~U1111RI z:;~~~~@l~iJ111i~ 
ti~~ffiffi*rfflrmjfai:M~:iiffi~~miffi,#H*ffl~-~@1~ 0 

[0014 J Jt: cp, % P>G~fo£1!~ zJ§m-W'El,115, ~Uti ~ ~i$ ?tffi-;f-Jf4 ~, Ir tijf ai: Mt1g % P>G 
ffi-HR,frffi-HR"Pm~~•ttM%P>G1=5ffltmjfai:M~:iiffi~zOO~~~~-IR 0 
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[0015J Jt:~, %P>G~~ ~tig•fRzJ§itt-W'E1,ti5, tEff1tf: _l%)Jx;~fsJ11' JJJt~, ~Llt£k~i'sJ11' JJJt 
~%P>Gffi IJ] :HJL1L~Bili~fo£1!~, rJ!JE~~%P>G~~~'J I~ o 

[0016J Jt:~, %P>G~~~~fo£1!!£zJ§itt-W'E1,ti5, tEff1tf: _l%)Jx;ffi=~ i'sJ11' JJJt~, ~Lltiffi 
=~001tJJJt~%P>Gffi~HRH~aa~miR,~~~~%P>G~~~tio 
[0017] Jt:~, ~Llt£k%)Jx;ffi-:HJLz fiJitt-W'El,ti5, tE~$Jlj IR~-tm [E B~'¥~~fo£1!!R~i~Llt£k 
~~M~%P>G~~,*~aB&~ffi-ttM~~ffi=ttM~~~$ 0 

[0018] * 1t S)j :!H-:1nm m1f¾ T -;f~ - tl 111i1ff ~Llm::1Jit' 'El, ti5W #l : ft tt mi_l% )Jx;ffi­
ttM~ ~ffi =ttM~ ~ ~~ M~; ~~~~ M~ Bili ttmi, ~ ~%P>G¥H ~ $ ~ffi-:HR 
~&tE&~ffi-:HRm!E~$~ffi=:HR;tE&~ffi-:HR~%P>G~~~;tE&~ffi=H 
R~%P>G¥H~~m~~~m;~~tt~~~~~~~,mffiBiliffi-:HR;00~~~$ 
*~~%~~~ffi=ttM~,ffir~ffl;tE~ffl~%P>G~m~~M~;tl:&~ffi-:HRmi 
$s~ttmi_t;fo / ~~%P>G~~tlka 
[001 gJ *1t SAX-:1Jffim1f¾ T-;f~ - tl111i1ff, 'El,ti5 :tEH miL¥H*,t11B~ $~~~ti 
'JI~, ~ttmi~;fP I ~_ts~~~ti~fo£1! ;tl:&~~~tlk'Jl~m!E¥Hrf'tmi*,tffB~$~ig 
m~,&~~m~ffi$A~~m;tE&~~m~ruM_t~$~~-~~~~&tE&~~• 
~~ ~ ~ z i'sJ s~ $~~ ti~~Mt1g o 

~wJ *~*1tSA~--Zf:~ff~m::1J~,~rar-•ff#~'¥~~fflff~A~R~ 
t£k*%)Jx;t§ ~ B~ J}J ~~' m ~ ~)Jx;'&; It' %Ht~~ Mf1g B~ ~Ll ti I£' 1i ffi T ~~ ~~ ~u-ri ~~ 0 

~f11!1i5?.~J:l 
[0021] ~ r ~~j)ff 00*W~inSA*1tSA s~tz::;t:1J~, Jt:~ : 
[0022J 00 1 ~00 10 A1l~*1t SA s~ - tl¥-~1*111i1ff1tf:~Llm::1Jits~~~W#lB~tfH!OO 
;fP / ~J,DifJ[00 o 

Jl.f*~nllijj":tt 
[0023] ~ r ~~ j)ff 00 #M15'/J\~'fiB~~~1}u*W~ibl SA*1t S)j tz::;t:1J~B~t~fil&Jt:tz: 
*~*,0:HT~~tt*P>G*~~~tili~#H~~~~~~~tt~~ffi~--Zf:~ffM 
f1g B~~Llm::1Jit O $J}t~ili B~~, ~fl;J,s~ j)ff 0011fic.*/J\~1l;J,s~Mt1g, * $it~ Pfi ffl s~:;tm "ffi 
-" ,"ffi=" ," _t", "r"~~PT ffl -=f1~t1ff~;f~ff1tf:Mt1g~~Llm:Iff O ~®1~t1!5~i~r:t~JJiJibl SA 
#~r:B~/J\?JT1~t1!5ff1tf:Mt1g~~Llm:Iff B~~i'sJ, 1JCff ~~t2z~~ o 

[0024] -{zpOO 1 fJT/J\,ftf'Jmi 1 L5tff%}Jx;ffi-;f-;Jf,t~ 2A ~ffi=;f-Jf4~ 2B B~~~Mf1g 2a 
ft mi 1 tt )JJtpJ ~ 'E11ti51:.tli (bulk Si) , 1:-tffi (bulkGe) , tig.1;t_t,M (SOI) , tig•1:.t_t ffi (GeOI) 
~~~Jt1wJt15'~ZO ¥-~1*f1 mi, 1}U 1zP Si Ge, Si C, GaN, GaAs, InP ~~, ~&~ ®~zo )JJt B~t].15' o 

AT ~fJl~B~ IC ~Llm:I£~~' ttmi 11Jt~±ihA13-li;f-;r JJJts~ttmi, 1}u-tzo Si,SOLSiGe,Si: C 

~o ~~Mf1g 2 B~~ § ~ r;f-Jf4s~t].15'# H~d>'E1,Ji5-;f~tig•1t JJJt :1zP$(.1tli,ffl1tli, ~F 
rs~J ,~~[xjlj:£3c5E%~J (DLC) ,$(.ftffi ,$(.ftt§, ~&Jt:t].15' o ffi-;f-Jf4~ 2A A~ffi-~Llti 
~~tt,ffi=ttM~2BA~ffi=~~~~tt#H~~-=fffi-~~~~tt(~~~#ttMz 
i'sJ B~~Llti~tf l:t:A:r 5: 1 #1Jt~J:-=f 10: 1) o tE*1t SA-~1Jt~~~1}U ~, ~~Mf1g 2A/2B 
J>JA~F~ ~;f-Jf4, ~ 2A/ ~ 2B B~t].15'1}U1zP$(.1tli~ffl1tlis~t].15' ,$(.1tli~ (*ti~) $ rs 
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a~~ r: rs ilJ~ tli15-, $(.1t a ~ffl 1t a l5 ~ r: rs~, 6~ tli15-~ ~ a ft* 1t SA :!H -1tnt~ ~ 1}u ~ , ~ 
Ul5~2Bft~~M~~#~~ft$(.~~~T~~~~#rA~tt*~~~~~~(~~ 

*r 5: 1) 0 ~ 2A,~ 2B 6~1JUR1Jtt'E1t15 PECVD,LPCVD,HDPCVD,MOCVD,MBE,ALD,m$(.1t,~ 
Jt,iffi&M~~;f~IZ::a ft*1tSA-~:ldt~~1}U~, ~ 2A )J=$(.1tli, ~ 2B Affl1tlia ~Q 
00 1 ?JT/J\, 1&1!£$6~~ 2B ~~ffl r**1&mi~~1ffflt ~ti%P>G, IEIJlt11fB:A LSG, 1&T_Df$6~~ 
2B~~fflr**1&J,Df~~1ffflt~ti%P>G, IEIJlt11ffrA USG, ~$A~ }AWLO ~wLn 6~$~~ 2B 
l2J,fflrn+l ~1ir~o 00 1~1x/J\lliTn=26~tf%,1B~~~lf_tn PTl2J,1llffl$~ A*r~ 
r 1 6~1I:1PJiE~~o 
[0025] 1I:~6~' ~Q 00 2 ?fi'E1t156~ tfu:t! 00 2A ;fQJ,DifJ[ 00 2B ?JT/J\' tLlt£kjfai:tiH1g 2A/2B, 1l 1JCilt 
tfj-$71~ 2A/2B 6~1~Llffift/m$l2},%JJ)G'E:l'~Jl'iJt6~'¥~Wm!R:!Ei (WL-Pad Region, WLPR)' ~lli\ 

!R:!EiJJ~$JUIR:!Ei (Array Region, AR) o J:t:~, ft WLPR !R:!Ej, 1l1JC~ilt TT_Df~ USG Llf 6~~ 
2A:USG,fflr WL2 6~~ 2B Llf6~~ 2A:WL2,fflr WLl 6~~ 2B Llf6~~ 2A:WL1,fflr WLO 6~ 
~ 2B Llf6~~ 2A:WLO,fflr LSG 6~~ 2B Llf6~~ 2A:LSG, l2},lz15iH?Hmi 1 6~~ 2Aa l2J,r 
oo 3 ~oo 10 6~W#l~~ttxtoo 2 ~ 6~~ 1Li\6~~$Ju!R:1E-tit!:fi, :t~ § z tE.eP~~ T,mt!001x/J\ili T 
!R:!Ei 2A:AR ~6~-$'5ta 
[0026] ftfJl~VZ:*6~ TCAT ~,r1g~Llm::1f1!~' -~x~tLlt£ki*JL#iJUR$ rsa~11giltrJ14 
%)J)G1gil!!J§, iflH1JJ\,fii*i'1tLlt£k~iltili1tA~ 2B 6~1,1/gfflt (SiN), zJ§;fJ;~~ 2B 6~1,1/gfflr#iE 
JJ)GtBJrjftt*ffl~~~~~mm~~W-%P>G~~·~~~4;~J§~rlOO~,frA~li~ 
*iGP>G~mlR%P>G ;~ff~rli*i'16~$(.1t~mrJtfE, CMP, ~m!R CSL ~fo£1!JLtLlt£k;fQrjtJE, ~~ 
~Ji~*% P>G CSL 6~ Ji~ o ~Q ~ ~ tz::;t $ 7t ?fi 3£, ~;f~ J§ % P>G 6~ i* ffl tt 11xt l2J, ~)B,m i* ~ l:t 
l2},lz~~j:jtJE~, ~~~i!{~1tf:x~:!zo 
[0027] 1:cjzxtlffl 6~' *1t SA 6~-~~1}U:1~ffl i*i'17m ffl~Q 00 3 ?JT/J\6~i*JLtLlt£k, ~ttIZ:: 
;fQ 11gil1!% JJ)GI Z::t§ IA], ftiGP>G~1i1 • ~ 6~ ~Ll 4 ZJ§, 1t ~ ~rl 1~Ll ±ffl, li1t;fo ~ ~ 6~ i* JLrJtfE 
%P>G~m!R6~~fo£1!, ~J§'Jl~iEP>G CSL Ji~o t§xtrm §, $~*ffitLlt£kIZ::fa'f., ~1i1~$JU 
6~ m Itm ~, ~m IR 6~ ~in£!! JL 'JI ili I z:;~jJQfij •, ~~ 6~ =$(.1t lirJtfEi*ffl #f :f:B 1t, tLlti 
~tiR,~fE~tiR~:1f~lt~~~R~OO~~-~~~~~tiR~fEMff~ 
[002sJ ~rI'E1t15tfu:t!OO 3A, T_Df :t!OO 3B 6~ 00 3 ?JT/J\, ft~$JU IR:!EitLlt£kjf,i:~,r1g 2 l[~~iltH 
mi 1 C i~IR:!Ei~~%P>G**6~~m!R), %P>G1iA1JJffltti:HJL6~ffi-:HJL C */J\ili) #ft1,1/gfflt 
mHR~%P>G~fE~3oftfflJ§005M7]\~W9~,ffi-:HR~~A%P>G~m!R1sl2J,&OO 
ri'iJtLlt£k~~i$7t~ 2B Jififfl 6~A D IR:!Eia 1t~±-fu, *ffl RIE ~~~~T1!tLlt£k~rPJ:f'f'fitLlt£k 
~ 2A/ ~ 2B 6~jf,l:~,r1g 2, %P>GiltiliHmi 1 l2J,&Hmi 1 _t5't.ffjfai:6~~ 2A/ ~ 2B 6~1~Ll:m6~ 
ffi-:HJL ( *7]\ili) 0 tLlt£k~1t1}utmttxt=$(.1-tli;fPffl1tli~M ffi6~~1~£tLlt£k~1t, * Ji 

~ttm~~•~rmftOO:m%P>G~*c•15-~%P>G~~~~~oo:m,1&~~ffltt~~¥1tru 
:maft*1tSA-~tt~~~~~~~~~tt~~~, ~~~*c;~tt~~~~#it!:-W 
tt~~ttm~$(.~tt~~~~,m~~~OO:m%ffi 0 ffirHmil*ffiWffl~Rtt~Sffi 
%iJt PT l2J, A ~e:%, :1f % , ~%, ~ % , ¥-~ % , t~ ~ % , ~ m % , nm%, nm%,/\ m%, ;un 
%~~~;f~ JL1PJ%iJto rjtfE~ 3 1JUR:1f1!'111115 PECVD, HDPCVD, MOCVD, MBE, ALD,~/t,iffiJM 
~, :,r;r ffi1t~JJ1:cjjf,l:~,r1g 2 6~~ 2A,~ 2B :!:>JA~ ~~tf'fi6~:,r;rf4, 1}U~Q~ 3,~ 2A,~ 2B 
~ ~zrsJ&r33~Zi'sJ6~tLlt£k~;j'f l:t:!:>J*r~T 5 :la ft*1tSA-~1t~~~1}U~, ~ 2A A 
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$\. 1tli' ~ 2B Affl 1tli' j:J!JE~ 7'J ~F rsa' ~F rsffi' ~F rspJ' DLC ~' &ZJJ'~ 0 

[0029J ~ff, YrI~ti5tfHillOO 4A, TuH!OO 4B s~ 00 4 ?JT/J\, tE&~ffi-:HJLm IE~Llt£1t%JJ)G$~ 
ffi=:HJL#%P>G¥HS~igil!![R 4a 1=5~Llt£1t%JJ)Gffi-:HJLs~IZ::~1l;J,, RIE ~~~-=f-=fi!~Llti 
~fPJ:f'F'fi~Llti~ 2A/ ~ 2B s~jfai:~t1g 2,tEffi-:HJLs~Jj'rj[E%JJ)G$~iltiliHmi 1 ~&Hmi 
1 _Ljtffjfai:s~~ 2A/ ~ 2B s~f~His~ffi=:HJL ( *7]\ili) 0 ~Llt£1t~1*f}UYCTttxt=$\.1tli;fQ 
ffl~li~Mm~~-£~~~~,#H~ttm~~-~ffitEOOM%P>G~*c•~~%P>G~ 
r[$S115iHf1f~LlM, :Jii~~1i~~f S~¥1t f~LlM O tE*1t SA -~1Jtnt~~f}U ~~Llti~ 1*1:1t~ C3F5, 
C4Fs ~* c ;1:t~~s~~1*#it!:-W1Jt~~rlri;!JCT$-l.1t-ri~1*YQ 02, co ~~~Llf~LlM%~5co 
YO 00 4A AB Pfi 7]\, ffl -=f ~ ilt~~ lR s~ ffi - 3f JL s~ R ,t C f}U YO 1t 15: ) J} J:-=f ~ ~ -=f ffl -=f % P>G 

1gil1!1Rs~ffi=:HJLR ,t, f}UYrirJ3:;Jf R ,t C lt1:~~:;Jf$m%s~:JiJ:~fl!es~ l:tffi:) l:tJ:-=f 1.. 5 
#tt~J:-=f~r2°tE*JtSA-~~~~~,&-~ffi-:HRm1EA~A~ffi=HR,~~ 
rm~fflmOOri'D~~~2B~~$~&~~ttotE*1tSA~~~~~~,&-~ffi-:HRm 
IEPT ~A~s~ffi=:HJLs~~ § A 2,3A,5,6, 7 ,8, 9 Fr~~$ o 
~~J ~m,tEffi=HR~%JJ)G$~¥1t~~il1!~4a~il1!~4~MmPT~~M•rsa, 
•rsffi, Si Ge, Si: C, Si Ge: C, Si Ge: H ~:'f:~1*:,j;Jfij., iJC,fRIZ::~ti5 LPCVD, PECVD, HDPCVD, 
MOCVD, MBE, ALD ~o tE*1tSA-~~~f}U~, igil!!~ 4 S~iJC1R7J3:t7'Jfiu$rJ!JEffi=:HJLS~ 
OOMffi%P>GAA~~~~~~~tt%atE*1tSA~~~~~~,~~~il1!~4~m~7JS:t 
~3'E1t~:;Jf Jiu$rJ!;fEffi=HJL, %P>G~ 1Li\tt, ~lli\:Ef, ~:;Jf ~ 1Li\lt pg tJ!;JEtfi~~ c *7]\ ili ) 
s~tt 1Li\ - 5rJ'E~t1g a 1gm~ 4 s~Jt fJJHms~%iJt1=5ffi=HJL~1l;J,# H 1Jt~t-m~%, PT ~7'] 
~lli\s~~e%, JJ%,~%, ~%, :>¥~%,t~~%, ~ m%,n:v1%, nm%,/\:v1%, Am%~ 
~~,f~ JL1PJ%iJt, ~:;Jf 7'] _tj£JL1PJ%iJtM 1t1tJLls~~lli\S~lfiJt,1lfliJt~t1g C # H~ pg$pJ 
~tJ!;JEtfi~~) a 1Jt~t-m, xt-=f~1Li\S~ttiJt1gil!!~ 4 ~t1g, PT ~it!:-WtEigil!!~ 4A pg f~LltJ!;JE 
tig~~~ ~~ 4B, f}UYCT~rl LPCVD, PECVD, HDPCVD ~IZ::%JJ)Gf}UYCT$\.1tliM ms~~ 4B, ffl -=f 
3'U!L tfi~#~~ ~igil!!~ 4Aa ~m, tEigil!!~ 4 J,Df $1JC1R1Jffi IR~fo£1! 4D a 1Jt~j:-fu, *ffl 1=51gil!! 
~ 4 :rJmt§[AJ~:;Jft§ili: ( f}UYCT1=5 Si t§ili:S~:rJm SiGe, SiC ~' ~~t'l!dJaJrsti'§.,m,~®m~t\t 
~-=ftl3$,M®~~•~H#~~~tt~)~ttmm~tEffi=H □ ~ffi$®%P>G~~H 

1tf:•~rs1*1'fs~iJffi!R 4D, # HPT~it!:-W%P>Gli1t~m C *7]\ili) ~~*1t£~fo£1!~~JL 
[0031] YQ tfLlfJ[ 00 5A ;fQJ,DifJ[ 00 5B ?JT/J\' ~1'¥'fi~Llt£1t ~ ~itJ!;JE~ 3' £ffiilt ili ffi-:HJL 2T' 
~Llfflffi-:HJL 2T f~Llri'D~Llt£1t~~ijfai:~t1g~s~ffi=:rJ14~ ( 1,1/gi-BJH&~ )2Ba 1t5t,*ffl¥1t 
s~ ~ ri'D :f'F 'fi~Ll ti I Z::, f}U YO *ffl RIE ~ ~ ~ -=f-=f it ~Ll ti I Z:: ( it!:-W m ~ pJ. l:t ~ ~Ll ti~ F 
rsa, ~r:rsffi, Elx::;Jf*ffl $\.~~-=f-=t1t~ut£1t~~*~r:rsPJ, oLc :rJ ms~tJ!;JE~ 3), ~:;JfttxttJ!; 
JE~ 3 s~M m® ~ffl £*~~%1t ::f Ji%'t£1t~ 2A, ~ 2B s~ Ji%'t£1t1l:3[Hlrr'd!Ji%'t£1t ~ ~i~ 3 ( f}U YO 
ttxt~r:rsli:r;r ms~~ 3, *ffl TMAH Ji%'t£1til) 0 ¥HS~~ [P)j'f'fi~Llt£1tIZ::%1t~~* TrJl;fE~ 
3, £ffiiltili T~~S~¥HS~ffi-:HJL 2T O ~mm' *ffl~ [PJ [A]-ri-=fi!~LltiIZ::, ti ri'D~Llti~~* 
~ 2B' ft~ 2A z i'sJ ffi r T f~Ll [PJ [1:J_] i'1 2R O f}U YQ ~ !J\ pgt • 1:t ~ ti [PJ ~Ll tiffl 1t as~~ 2B' ~ :;Jf 
*ffl 11-H~ ~Ji%' tiffl 1t as~~ 2B O ~ ~j:-fu' 3 ~ 2A 7'J ffl 1t a'~ 2B 7'J $\.1t a S1' pJ ~ *ffl HF 
£Ji%'t£1t1lJi%'t£1t~ 2Ba 

[0032] YrI~tOO 6 ?JT/J\, tEffi-:HJL 2T mi$%JJ)G~~IR lS, tf:[1:J_]i'12R ~%P>Gffltt1zjfai:~t1g 
5A/5Ba PT~~rl~-=fa:J\ttr~'i~, ~&1Jt~r-fuitt-WtE*ffi%P>G~~li1t~m ( */J\lli) ®% 
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P>G~IR lSa ~~ild-lAZ01}u-tio NiSi2-y' Ni1-xPtxSi2-y' C0Si2-y ~ Ni1-xCoxSi2-y' Jl:"P X J)J:AT 0 
1J\r 1, y :l:)J:A:r~r o 1J\r L tBJHJkjfai:Mt1g 5 'E1ti5tBJHJktig~~ 5A :fritBJHJk~ ~~ 5B a ~ 
5A s,giJUR1Jtt'E1ti5 PECVD, HDPCVD, MOCVD, MBE, ALD,~!3LiffiJM~o 00"P*/J\lli s,gJ!, ~ 5A 
1Jt~±i!tit!:-W'E1ti5$~-=f ~' 1}u-tio~t~ ~ ,Zf:1i1~' ~lit~~ 0 Jl:"P ~I~ ~'E1ti5 Si02 ~~ k ;f-;r 
ll-, Jl:"P ~ k ;f-J*4'E1ti51B ::f ~~rffl1--1Am C 1}u-tio SiN, SiON,AlN, TiN), ~~$\.1--IAm C ±~ AiiiJ 
»*;fQffij~~~ 5G~$(.1--tAzo, 1}U 1,iQ MgO, Al 203, Ta205 , Ti02, Zn 0, Zr02, Hf02, Ce02, Y203, La203) , ffl 
$(.1-IAm ( 1,iQ HfSiON) A~t}c,w;J;§$(.1-1Am ( 1}u-tio PbZrxTil-xo3 (PZT) ,BaxSr1-xTi03 (BST)) ~' ~I~ 
~m~J!L~MM~•~M~~$~jfai:M~ 0 Zf:~~J!A~~mW~~~~*fflMM, 
1}U-tlrI SiN, HfO, ZrO ~,&Jt:fli--€5-, IA]ttm ~J!L~;f-J*4s,g•~Mt1g~$ ~jfai:Mt1g o ~lit~~ 
m~J!$(.~li,$(.~ffl,$(.~~~*fflMM~•~M~~$~jfai:M~ 0 ft*~~-~~~ 
1}U "P, ~ 5A 1}U-tlrIJ!$(. 1-tli, ffl 1-tli, $(.1-tlifliP>G s,g ONO Mt1g o 
[0033] t]JH,Jk~~~ 5B m~J!$rsli,$rs'ffili,~~~,Jl:"P~~m'E1ti5 Co, Ni, Cu, Al, 
Pd, Pt, Ru, Re, Mo, Ta, Ti, HL Zr, W, Ir, Eu, Nd, Er, La ~~~·ffi,~~®~~s,g--€5-~~,& 
~®~~s,gffl1-t~zo, fflHJk~ ~~ 5B "PiEmti~~ C, F, N, 0, B, P, As ~JG~~ i,Jaj71J}JBl§~L 
IHJktig~~ 5A 1=5tBJHJk~~~ 5B zi'sJiE1Jt~jflU1 PVD, CVD, ALD ~,m,;;;Jt\7Jr!%P>Gffl1-t~zos,g 
~lit~~ ( *7]\ili) '~lit~~;f-JffiA MxNy,MxSiyNz,MxAlyNz,MaAlxSiyNz,Jl:"P MA Ta, Ti,HLZr, 
Mo, W ~Jl:TI5G~o IA]tt±-fu,~ 5B m~J!•~Mt1gfilm~J!$~jfai:Mt1go 
coo34J it!:-W±-m, -tio oo 6 J=tfi/J\, ft~-HJL 2T 1~Hi%P>Gttff's,gtig~~ 6A fffttig~~ 6A "P 
tj!JE~~%P>G~ti~fo:I! 6Ba tig~~ 6A m~*Jt11%~$(.1-t,1-t$:$(.1-t,PECVD,HDPCVD ~IZ::% 
P>G, ;f-;r ffim~JJ$(.1-tli,ffl1-tli~~ K ;f-J*4o ~ 6A 1Jt~1>Ulw.~-HJL 2T 1~Hl, JtHffljf5¥R 
~ttff'$*m~*ffl~~M~IZ::~~~~IA]tt~~~~IZ::~~,~~rOO~tt*o ~ 
J§, *ffl MOCVD,MBE,ALD,~~,jffiJM~IZ::%P>G1!£ ~~lis,g~~ti~fo:I!~ 6B, fill~1t CSL 1Jt 
~±-th, *ffl CMP ~~@l~Ll7Jr!, ~~i)aJ~iJUR~~IZ::~~' ~*1!£~ 6B s,g ~lt11Jt:J,Df$1!£r 
~ J,m $ s,g t]JH,Jkjf ,I: M t1g 5A/ 5B s,g mi ffi ( J,m $ s,g i~ ~ ~ IHJk M t1g ep ffl r J,m $~ 1'¥ rs 1* 1'f s,g J,m 
$~1ffflt~ USG), ~ff~@]tj!Jig~~ 6A lL~l=cj~J,m~s,g~ 2A :frf o 
coo35J JJtm, 1Jt~±-m, -tio oo 1 A tfHtOO:fo oo 1B r_mttOOJ=tfi/J\, ~uti~~* csL ~ 6B r_m$s,gtig~ 
~ 6A, iltili r7JB,g~ 6B a fti~~LltiW#l"P, ~Llt£k%JJ)GB,g~ ~ HJL 6T R ,t~j(-=f~-HJL 2T 
s,g R ,t C 1}u -tio ~ % s,g lH~ ~ $ :li1% s,g ~ A~ fl!e ) , ~ ~* T -$ * USG ~ tliz s,g Ir ti jf al: M t1g 
5A/5B o -tzo 00 7B ?JT/J\, ~~ti~fo:I!~ CSL 00 %31~ T $~~ ~ HJL 6T, ff Jim ~it!:-W M1$ 
iliZf:1it•5G!Rrm31~~5r$ ~IE!&%P>GK3i~ 0 

[0036] -tioOO 8 ?JT/J\, ft~~ HJL 6T "PJJ!JE[A]tts,gtig~~ 6A, %P>GTT_Df~~1fffltti~B,g~~ 
~tig~!Ro 
[0037] -tioOO 9 ?JT/J\, ft~~fl:1tf:ZL%P>G~l'sJ* m~ (ILD) 7 0 1}u-tio*ffl~~,,aJE~, CVD 
m~~IZ::%JJ)G*kMM~Iill 7,*kMM'E1ffl~::f~r~m*kMM(~~*~£~ 
~ $ 5Glf s,g~ff1J1f2--€5-~m ) '3ctfl 1!£ k ;f-J*4 ( 1}u-tio 3c5E%~Jfflff'~JL $ rs~AAfflff'~JL ffi:liW~' 
BSG, PSG, BPSG), $JL1!£ k ;f-J*4 C 1}u-tio =a~ $(.'.i1c (SSQ) £$JL1!£ k ;f-J*4, $JL=$(.1-tli, 
$JL SiOCH,ti C =$(.1-ta,ti F $JL3c5E%~J,$JL~[x]lj:£ ,$JL~tfl~--€5-~m) 0 ~mJ§~Llti 
ILD 7 l[~~ilt CSL~ 6B, %P>G~IJJl:rfJL ( */J\lli ) :ff1JUR~~;f-J*4%P>G~fo:1!!£ 8, Ji~ T 
~$35LJB,g~~!R lSa 
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[0038] -tzoOO lOA;frI00 lOBJifr/J\,JG~iiz:~3i~o tEffi- ILD 7 z_t*ffl~1l;J,IZ::;fQ:,j;J)Jlt 
1JV¥Rffi= ILD 9 #tLlt£k%P>G~ilt1gi/1![R 4D B~~fo£1!JL, iJVlR~~%P>G1ir~Ji~ 1Oa 
[0039] fJ'Hta:~B~~' 00 1~0010 iX/J\lli Titz~*1tSA-~~~1}UB~Iz:::1n!,*1tSA 
ffm~*ffl~~Iff%)Jx;--~~ff#~~mo~~,tE*1tSA-~tt~~4~~~~~, 
003B~OO@M7j\~ttJT~~IR~ffi-HR~fflr~m!R~ffi=HRm~~tt-~~~/ 
tLlt£kt1g00~fJG, mep 00 3 ;frI00 4 ?Jr/J\IZ::m~15-#, RJ}tE4ij:~ffi-HJLJl'rJm~tE$~ffi= 
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3D SEMICONDUCTOR DEVICE AND STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This application relates to the general field of Integrated Circuit (IC) devices and fabrication methods, and more particularly 

to multilayer or Three Dimensional Integrated Memory Circuit (3D-Memory) and Three Dimensional Integrated Logic Circuit (3D­

Logic) devices and fabrication methods. 

2. Discussion of Background Art 

[0002] Over the past 40 years, there has been a dramatic increase in functionality and performance of Integrated Circuits (ICs). This 

has largely been due to the phenomenon of "scaling"; i.e., component sizes such as lateral and vertical dimensions within ICs have 

been reduced ("scaled") with every successive generation of technology. There are two main classes of components in 

Complementary Metal Oxide Semiconductor (CMOS) ICs, namely transistors and wires. With "scaling", transistor performance and 

density typically improve and this has contributed to the previously-mentioned increases in IC performance and functionality. 

However, wires (interconnects) that connect together transistors degrade in performance with "scaling". The situation today is that 

wires dominate the performance, functionality and power consumption of I Cs. 

[0003] 3D stacking of semiconductor devices or chips is one avenue to tackle the wire issues. By arranging transistors in 3 

dimensions instead of 2 dimensions (as was the case in the 1990s), the transistors in ICs can be placed closer to each other. This 

reduces wire lengths and keeps wiring delay low. 

[0004] There are many techniques to construct 3D stacked integrated circuits or chips including: 

• Through-silicon via (TSV) technology: Multiple layers of dice are constructed separately. Following this, they can 

be bonded to each other and connected to each other with through-silicon vias (TSVs). 

• Monolithic 3D technology: With this approach, multiple layers of transistors and wires can be monolithically 

constructed. Some monolithic 3D and 3DIC approaches are described in U.S. Patents 8,273,610, 8,557,632, 

8,298,875, 8,642,416, 8,362,482, 8,378,715, 8,379,458, 8,450,804, 8,574,929, 8,581,349, 8,642,416, 8,687,399, 

8,742,476, 8,674,470, 8,803,206, 8,902,663, 8,994,404, 9,021,414, 9,023,688, 9,030,858, 9,117,749, 9,219,005; 

U.S. patent publication 2011/0092030; and pending U.S. Patent Applications, 62/077,280, 62/042,229, 13/803,437, 

61/932,617, 14/607,077, 14/642,724, 62/139,636, 62/149,651, 62/198,126, 62/239,931, 62/246,054, 62/307,568, 

62/297,857, 15/095,187, 15/150,395, 15/173,686, 62/383,463, 15/243,941, PCT/US2016/052726,15/494,525 

(WO2017053329), 62/406,376, 62/432,575, 62/440,720, 62/457,838, 62/460,989, 62/471,962, 62/480,529, 

62/484,398, 62/488,821, 62/501,136, 62/517,152, 62/523,760, 62/530,173, 62/535,265, 62/539,054, 62/549,952, 

15/333,138 and 15/344,562. The entire contents of the foregoing patents, publications, and applications are 

incorporated herein by reference. 

• Electro-Optics: There is also work done for integrated monolithic 3D including layers of different crystals, such as 

U.S. Patents 8,283,215, US 8,163,581, 8,753,913, 8,823,122, 9,197,804; and U.S. Patent Application No. 

14/461,539. The entire contents of the foregoing patents, publications, and applications are incorporated herein by 

reference. 

[0005] Additionally the 3D technology according to some embodiments of the invention may enable some very innovative IC 

devices alternatives with reduced development costs, novel and simpler process flows, increased yield, and other illustrative benefits. 

SUMMARY 

[0006] The invention relates to multilayer or Three Dimensional Integrated Circuit (3D IC) devices and fabrication methods. 

Important aspects of 3D IC are technologies that allow layer transfer. These technologies include technologies that support reuse of 

the donor wafer, and technologies that support fabrication of active devices on the transferred layer to be transferred with it. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] Various embodiments of the invention will be understood and appreciated more fully from the following detailed 

description, taken in conjunction with the drawings in which: 

[0008] Fig. IA is an example illustration of selective etch by Applied Material etcher; 

[0009] Fig. 1B is an example illustration of alternating Si and Si Ge layers; 

[00010] Figs. 2A-2I are example illustrations of an alternative system process flow; 

[00011] Figs. 3 A-3 D are example illustrations of the structure transfer of an alternative system process flow; 

[00012] Figs. 4A-4H are example illustrations of an alternative donor wafer process flow; 

[00013] Figs. 5A-5D are example illustrations of an additional alternative donor wafer process flow; 

[00014] Figs. 6A-6D are example illustrations of structures and methods to thermally isolate stratums in a 3D IC; 

[00015] Fig. 7 is an example illustration of a logic unit redundancy scheme; 

[00016] Fig. 8 is an example illustration of an alternative logic redundancy scheme; 

[00017] Figs. 9A-9B are example illustrations of a staircase contact scheme; 

[00018] Figs. lOA-lOJ are example illustrations the formation and structure of a staircase connectivity scheme; 

[00019] Figs. lOK-lON are example illustrations of process simulations of the formation and structure of a staircase connectivity 

scheme; 

[00020] Figs. l lA-1 lD are example illustrations of a "Lego" scheme with 3DNOR; 

[00021] Fig. l lE is an example illustration of an isolation structure to keep the logic heat away from the memory array; 

[00022] Figs. l lF-1 lK are example illustrations of alignment techniques and structures; 

[00023] Figs. 12A-12J are example illustrations of array access and staircase schemes; 

[00024] Figs. 13A-13D are example illustrations of write and erase schemes for the 3D NOR array; 

[00025] Fig. 14A is an example illustration ofl(V) curves of a silicided nanowire formed with microwave annealing technology; 

[00026] Fig. 14B is an illustration of I(V) curves demonstrating the performance of a self-referenced differential sense amplifier 

when applied to a progranuned and erased memory cell; 

[00027] Figs. 15A-15E are example illustrations of a 'DS-SB' 3D NOR structure and cell formation; 

[00028] Fig. 15F is an example illustration of a programming scheme for 3D NOR with a staircase; 

[00029] Fig. 15G is an example illustration of an alternative to a staircase; 

[00030] Figs. 16A-16D are example illustrations of writing a ferroelectric memory cell; 

[00031] Figs. 17 A-l 7D are example illustrations of two bits stored in one facet of a memory cell; 

[00032] Figs. 18A-18D are example illustrations of writing bits in a small section of a ridge of the 3D-NOR fabric; 

[00033] Figs. 18E-18F are example illustrations of programming multiple bits in a cell of the 3S-NOR fabric; 

[00034] Fig. 19A is an example illustration of a 3D system; 

[00035] Fig. 19B is an example illustration of customization of a 3D system; 

[00036] Figs. 20A- 20F are example illustrations of the formation of multiple stratum integrated into a 3D system via 3D integration 

with minimum per strata processing; 

[00037] Fig. 20G is an example illustration of a connectivity technique adapted to die level operation; 

[00038] Fig. 20H is an example illustration of a through strata via structure; 

[00039] Figs. 21A- 21H are example illustrations of a control line arrangement for memory integration of the 3D system ofFigs.19 

and20; 

[00040] Figs. 22A-22B are example illustrations of a stratum select connectivity scheme; 

[00041] Figs. 22C-22E are example illustrations ofwordline and bitline select schemes; 

[00042] Fig. 22F is a section of a partition an array of memory units; 

[00043] Figs. 23A-23B are example illustrations of two-layer select and select schemes; 
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[00044] Fig. 24A is an example illustration of an alternative 3D computer system; 

[00045] Fig. 24B is an example illustration of a generic 3D memory structure "G3DM"; 

[00046] Fig. 24C is an example illustration of 3D structure with active thermal cooling; 

PCT/0S2017/052359 

[0004 7] Figs. 25A-25D are an example illustrations of an alternative flow and structure for 3D stacking without changing the main 

processing of the memory/logic; 

[00048] Fig. 25E is an example illustration of forming alignment marks for the method and structure of Figs 25A-25D; 

[00049] Figs. 25F and 25G are example illustrations of using a lithographically defined doping process to simplify 3D stacking; 

[00050] Figs. 25H-25J are example illustrations of over the array connectivity structures; 

[00051] Figs. 26A-26D are example illustrations of using a punch and plug process scheme; 

[00052] Fig. 26E is an example illustration of the single hole punch process to construct elements which may be needed for the 

3D NOR fabric; 

[00053] Fig. 26F is an example illustration of holes/vias etched or punched together/simultaneously; 

[00054] Fig. 26G is an example illustration of holes/vias etched or punched in two or more independent etch steps; 

[00055] Fig. 26H is an example illustration of global strata select for stacking of 3D memory structures; 

[00056] Fig. 27 is an example illustration of a memory unit refresh operation flow; 

[00057] Fig. 28 is an example illustration of an alternative per layer access by sidewall strapping though one-time-programmable 

anti-fuses; and 

[00058] Figs. 29A and 29B are example illustrations of a pass-through path add-on structure and an alternative structure. 

DETAILED DESCRIPTION 

[00059] An embodiment of the invention is now described with reference to the drawing fignres. Persons of ordinary skill in the art 

will appreciate that the description and fignres illustrate rather than limit the invention and that in general the fignres are not drawn to 

scale for clarity of presentation. Such skilled persons will also realize that many more embodiments are possible by applying the 

inventive principles contained herein and that such embodiments fall within the scope of the invention which is not to be limited 

except by any appended claims. 

[00060] Some drawing fignres may describe process flows for building devices. The process flows, which may be a sequence of 

steps for building a device, may have many structures, numerals and labels that may be common between two or more adjacent steps. 

In such cases, some labels, numerals and structures used for a certain step's fignre may have been described in the previous steps' 

fignres. 

[00061] The use of layer transfer in the construction of a 3D IC based system could enable heterogeneous integration where each of 

strata may include one or more of MEMS sensor, image sensor, CMOS SoC, volatile memory such as DRAM and SRAM, persistent 

memory, and non-volatile memory such as flash and OTP. Such could include adding memory control circuits, also known as 

peripheral circuits, on top or below a memory array. The memory strata may contain only memory cells but not control logic, thus the 

control logic may be included on a separate strata. Alternatively, the memory strata may contain memory cells and simple control 

logic where the control logic on that strata may include at least one of decoder, buffer memory, sense amplifier. The circuits may 

include the charge pumps and high voltage transistors, which could be made on a strata using silicon transistors or other transistor 

types (such as SiGe, Ge, CNT, etc.) using a manufacturing process line that is different than the low voltage control circuit 

manufacturing process line. The analog circuits, such as for the sense amplifiers, and other sensitive linear circuits could also be 

processed independently and be transferred over to the 3D fabric. Such 3D construction could include "Smart Alignment" techniques 

presented in this invention or leverage the repeating nature of the memory array to reduce the impact of the wafer bonder 

misalignments on the effectiveness of the integration. 

[00062] In patents such as, for example, U.S. Patent Application No. 15/173,395, layertransfertechniques called EL TRAN 

( epitaxial layer transfer) are presented and may be part of the formation process of a 3DIC. The EL TRAN technique utilizes an 
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epitaxial process or processes over porous layers. Alternatively other epitaxial based structures could be formed to support layer 

transfer techniques by leveraging the etch selectivity of these epitaxial layers, such as the very high etch selectivity of Si Ge vs. Silicon, 

and variations such as Silicon (single crystal or poly or amorphous), Si Ge (mix of silicon and Germanium), P doped silicon, N doped 

silicon, etc. Alternately, these layer(s) could be combined with types of detachment processes, such as 'cold splitting,' for example the 

Siltectra stress polymer and low temperature shock treatment, to provide a thin layer transfer process. 

[00063] Recently it become a very attractive concept for processing gate all around horizontal transistors and has become the target 

flow for next generation devices such as the 5 nm technology node. Some of the work in respect to selective etching of SiGe vs. 

silicon has been presented in a paper by Jang-Gn Yun et al. titled: "Single-Crystalline Si Stacked Array (ST AR) NAND Flash 

Memory" published in IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 58, NO. 4, APRIL 2011, and a more recent work 

by K. Wostyn et al. titled "Selective Etch of Si and Si Ge for Gate All-Around Device Architecture" published in ECS Transactions, 

69 (8) 147-152 (2015), and by V. Destefanis et al. titled: "HCl Selective Etching of Sil-xGex versus Si for Silicon On Nothing and 

Multi Gate Devices" published in ECS Transactions, 16 (10) 427-438 (2008), all of the forgoing incorporated herein by reference. 

Since the Si Ge over Si substrate process is becoming mature, this facilitates using a Si Ge layer as a sacrificial layer for production 

worthy 3D layer transfer. Fig. lA illustrates the high etch selectivity of Si Ge vs. Silicon, which, in this example, could be formed 

using, for example, the Applied Material Selectra etch system. Alternatively, the selective etch may be made using a wet chemical 

etch. Fig. 1B illustrates a putative retrograde Ge composition with stack thickness as explained thoroughly later. 

[00064] An exemplary layer transfer process could include the steps A-K, referencing the illustrations Fig. 2A-2I and Fig. 3A-3D: 

[00065] A As illustrated in Figs. 2A and 2B, epi (the term 'epi' herein means epitaxial, as often used in the art) layer 204 such as 

SiGe may be formed on a donor wafer or reusable donor wafer - base substrate 202, for example, by an epitaxy processes. The donor 

wafer may contain a strata layer over the sacrificial layer, also called herein a 'cut-layer', on the base substrate 202 where the strata 

layer is subsequently transferred to a receptor wafer. The epitaxy process may utilize but not is limited to vapor-phase epitaxy (VPE), 

a modification of chemical vapor deposition, molecular-beam and liquid-phase epitaxy (MEE and LPE). If desired so as to at least 

increase etch selectivity, dopant may be incorporated during the epitaxial growth process by adding impurities to the source gas and/or 

reaction chamber. The type of epitaxy may be homoepitaxy with the same material grown on the base substrate 202. In the 

homoepitaxy, the doping type and concentration of the epi layer 204 may be substantially different from those of the base substrate 

202 and the subsequently formed silicon layer 206, which could provide sufficient etch selectivity. Alternatively, another type of 

epitaxy may be heteroepitaxy with different material grown on the substrate. Such examples include SiGe on Si. Epi layer 204 may be 

formed with a thickness of about 20nm, 50nm, 100nm, or about 200mn, or about 500mn, or about 1000nm or about 2000mn, 

depending on process integration, etching throughput, stiction resistance, and other process and device architecture engineering 

decisions and tradeoffs. The base wafer 202 thickness could be similar to the industry standard for these types of processing such as 

about 775 microns used for most current silicon fabs. The base wafer 202 may include sizes of about 2 inch, about 4 inch, about 8 inch, 

or about 12 inch in diameter or about 16 inch in the future (these wafer diameter sizes are often known with the corresponding mm 

sizes: 50 rrun, 100 mm, 150 mm, 200 rrun, 300 mm, 450 mm). Heterogeneously grown epi layer 204 may include various materials, 

for example Si Ge, in anticipation of a sacrificial etch later in the process flow. The content of Ge in the Si Ge may be designed per the 

selectivity desired and in consideration of the stress, for example, such as about 20% Ge, or about 10% Ge, or about 25% Ge, etc. 

With respect to the etch selectivity, the epi layer 204 could be favorably removed from the base substrate 202 and the subsequently 

formed silicon layer 206. The level of stress needs to be controlled to not cause dislocations. The stress can be controlled by at least 

growth rate, temperature, and film thickness. Predefined trenches on the silicon layer 206 and partially or fully across the epi layer 204 

(not shown) in the designated dicing streets (or other non-circuit areas, for example, such as the streets between projection fields) 

could be used to provide some release of the potential stress. These trenches could have a width and a depth approximately 

corresponding to the thickness of the Si Ge layer. Other techniques could be used to reduce stress, associated with epitaxial of Si Ge on 

or under a silicon layer, such as incorporating smaller atoms in the SiGe layer such as boron or carbon; these and similar techniques 

are known in the art and could be used with combination with the techniques herein to support various forms of layer transfer or other 

applications herein. 
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[00066] B. As illustrated in Fig. 2C, silicon layer 206 as an active layer for the active devices to be formed may be epitaxially grown 

on top of epi layer 204. The silicon layer 206 may also be single crystalline Ge, Si Ge or Si:C depending on the applications. However, 

we herein will use silicon layer 206 as the active layer unless otherwise specified. The thickness of silicon layer 206 may include a 

thickness of about 10nm, or about 20nm, or about 50nm, or about 100nm, or about 200nm, or about 500nm, or about 1,000nm or 

about 2,000nm, as desired for the electronic circuits, depending on engineering, materials and scientific device considerations. In 

many formations, silicon layer 206 may be considered to consist of mono-crystalline or single crystal silicon. 

[00067] C. As illustrated in Fig. 2D, desired circuits 212 may be processed, including n-type and p-type transistors and other devices, 

such as inductors, capacitors, resistors, optoelectronic devices, gas sensors, etc., and may include a processed contact layer. For 

example, the desired circuit 212 may be processed to include metal O layer or metal 4 layer. This could be done using conventional 

processing including the appropriate high temperature processes ( ,-{i00-900 °C) such as gate oxidation, dopant activation, contact 

silicidation, and so on. Types of transistors and circuits may include, for example, DRAM, NAND, or RRAM, RCAT, continuous 

array and FPGA structures, gate array, memory blocks, logic blocks, CMOS p-type and n-type transistors, MOSFET transistors, 

junction-less transistors, JFET, replacement gate transistors, thin-side-up transistors, double gate transistors, horizontally oriented 

transistors, finfet transistors, fully depleted thin-body transistor, JLRCAT, DSS Schottky transistors, and/or trench MOSFET 

transistors. 

[00068] D. As illustrated in Fig. 2E, first set of holes 214 may be formed (by, for example, a conventional mask and etch sequence of 

processing) and may extend through the top silicon layer 206. The bottom of the etched trench may reside inside the Si Ge epi layer 

204 and may not touch the surface of base substrate 202 in order to reclaim the base substrate 202. Alternatively, the bottom of the 

etched trench may be located below the bottom of SiGe epi layer 214. These holes could then be filled with oxide or other material 

that would remain and play as a supporter for the desired circuits during future silicon and SiGe etches. Filled first set of holes 214 

may serve as posts to hold the top layer designated to be transferred in later steps. First set of holes 214 may be located in the dicing 

streets area or some field oxides such as shallow trench isolation, and may be designed to be weak enough to be torn out, according to 

design and process integration engineering considerations. 

[00069] E. As illustrated in Fig. 2F, one or more interconnection layers 216 may be added. This is optional, depending on 

engineering and design considerations. Interconnection layers 216 may include wiring, contacts and vias, and may include materials 

such as, for example, copper, aluminum, tungsten, titanium, tantalum, cobalt metals and/or silicides of the metals. Interconnection 

layers 216 may be covered with isolation layer 222 (as illustrated in Fig. 2G) with materials such as Si 0 2, carbon containing oxides, 

and so on. Isolation layer 222 may be planarized, for example, with CMP or other forms of planarization in anticipation of future 

wafer to wafer bonding. 

[00070] F. As illustrated in Fig. 2H, second set holes 224 may be formed to expose portions of sacrificial Si Ge epi layer 204, thus 

allowing a substantially full etch of the sacrificial SiGe layer (the former SiGe epi layer 204). These holes could be made at un-used 

locations or in locations designated for future Through-Layer-Via (TL Vs). These holes could also be made in locations designated for 

shallow trench isolation ("STI"). These holes may be opened through the top layers such as isolation layer 222 all the way into the epi 

layer 204. The formation of the holes for the sacrificial layer etches may include steps to protect the top silicon layer 206 and its holes 

side wall such as sidewall spacer by: 1. Use isotropic deposition techniques such as ALD to deposit isolation material such as silicon 

oxide in the open holes covering the side wall and the bottom of the holes. 2. Then may use anisotropic etching to open only the 

bottom of the holes to direct access to the sacrificial layers while protecting the side walls. 

[00071] G. As illustrated in Fig. 21, selectively etch the remaining sacrificial epi layer 204 creating void 226 underneath desired 

circuit layer 212. The design of posts and allocation of sacrificial etch holes could be designed so after the sacrificial layer etching is 

completed, the suspended circuit layer be remained substantially flat for layer transfer. 

[00072] H. As illustrated in Fig. 3C, the structure such as illustrated in Fig. 3A (the structure from Fig. 21) may be flipped and 

bonded onto a target wafer 302 illustrated in Fig. 3B. The target wafer 302 may be fully processed wafer including metallization, for 

example, an arbitrarily designed SoC or generic circuit. Alternatively, the target wafer 302 may be specially fabricated wafer which 

could be the underlying base in the 3D structure. For example, see the incorporated references listed as part of the Background of the 

Micron Ex. 1002, p. 631 
Micron v. YMTC 
IPR2024-00910



WO 2018/071143 PCT/0S2017/052359 
6 

Invention section of this specification. This results in bonded structure 390 such as illustrated in Fig. 3C. The bonding could be oxide 

to oxide bonding which could be followed with top wafer interconnection through a TL V (Thru Layer Via) process, or metal to metal 

bonding, or hybrid bonding (oxide to oxide and metal to metal bonding). The bonding process could be made so it results in 

sufficiently a strong adhesion between bonding surfaces of donor wafer and the target wafer 302. The target wafer 302 may include 

transistors of one or more types in one or more layers, metallization such as, for example, copper or aluminum in one or more layers, 

interconnections to and between layers above and below, and interconnections within the layer. The transistors may be of various 

types that may be different from layer to layer or within the same layer. The transistors may be in various organized patterns. The 

transistors may be in various pattern repeats or bands. The transistors may be in multiple layers involved in the transfer layer. The 

transistors may be, for example, junction-less transistors or recessed channel array transistors. Target wafer 302 may further comprise 

semiconductor devices such as resistors and capacitors and inductors, one or more programmable interconnects, memory structures 

and devices, sensors, radio frequency devices, or optical interconnect with associated transceivers. Target wafer 302 may further 

include isolation layers, such as, for example, silicon and/or carbon containing oxides and/or low-k dielectrics and/or polymers, which 

may facilitate oxide to oxide wafer or substrate bonding. Target wafer 302 may also be a base substrate to build the 3DIC stricture 

onto. 

[00073] I. The donor structure, substantially donor wafer - base substrate 202, may be detached from bonded structure 390 leaving 

intermediate 3D IC structure 399 as is illustrated in Fig. 3D. The donor wafer, substantially reusable donor wafer - base substrate 202, 

could be reclaimed for processing to prepare for reuse, perhaps as a seed wafer of subsequent epitaxial growth as explained in Fig. 2. 

Intermediate 3D IC structure 399 may include target wafer 302, desired circuits 212, surface 213, first set of holes 214, and 

interconnection layers 216. Alternatively, the substrate 202 could be grind and etched back without being reusable for future 

processing. 

[00074] J. The top surface 213 of intermediate 3D IC structure 399 may be cleaned and prepared for interconnections. Optionally 

cover with isolation. 

[00075] K. TL Vs may be formed for interconnection from the top to the bottom strata to form the 3DIC layer interconnects if 

necessary. 

[00076] The donor wafer 'tearing off' detach could be assisted by known techniques such as, for example, water-jet, wedge, laser 

cutting, etched assisted tearing off and mechanical twist and pull. 

[00077] Alternatively, additional interconnection layers and other processing could be added in between step 'G' and 'H' above. So, 

the structure illustrated in Fig. 21 could be further processed before being flipped and bonded to the target wafer 302. This add-on 

process could include adding additional metal layers or any other structure including additional transistor layers using similar 

techniques such as layer transfer. 

[00078] The sacrificial layer removal holes 224 process could include side wall oxide deposition to further protect the side walls 

from the etch process designed to remove the sacrificial layers. These holes could be later sealed by a second step of, for example, 

oxide deposition. Such two steps oxide fill could be visible under proper magnification or other imaging techniques. 

[00079] These layer transfer techniques could allow many of the benefits associated with monolithic 3D technologies including 

avoiding thermal budgets associated with forming one circuit strata affecting another circuit stratum, enabling mixing of technology 

nodes, mixing circuit substrate types, crystal structure, orientation and many other advantages associated with heterogeneous 

integration without process temperature restrictions described herein and in the incorporated art. 

[00080] The use of SiGe for epitaxial based 'cut layer' instead of porous silicon or porous SiGe 'cut layer' could be adapted to many 

of the flows presented in at least U.S. Applications 14/642,724, 15/095,187, and 15/173,686, all the forgoing are incorporated herein 

by reference. It does add some complexity related to the holding posts formation and the holes to etch the SiGe thoroughly prior to 

performing the layer transfer. For applications in which two layers of active silicon, and isolation layer in between, is desired, the in­

between SiGe could be removed after the transfer and replaced with isolation material. 

[00081] Use of Si Ge as a sacrificial layer for transferring a single crystal structure of one crystal on top of another structure has been 

presented in U.S. patent application 2015/0137187, incorporated herein by reference. Many studies of SiGe etch selectivity in respect 
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to silicon have been done and published such as: In a work by T.Salvetat et al titled "Comparison between three Sil-xGex versus Si 

selective etching processes" presented at 214th ECS Meeting; and by M. Stoffel titled "Si Ge wet chemical etchants with high 

compositional selectivity and low strain sensitivity" published in Semicond. Sci. Technol. 23 (2008) 085021; by V. Destefanis et al 

titled "High pressure in situ HCl etching of Sil-xGex versus Si for advanced devices" published in Semicond. Sci. Technol. 23 (2008) 

105019; by T. K. Carns et al titled "Chemical Etching of Si,Ge in HF:H202:CH3COOH" published in J. Electrochem. Soc., Vol. 142, 

No. 4, April 1995; and by Marius Orlowski et al titled "Si, SiGe, Ge, and III-V Semiconductor Nanomembranes and Nanowires 

Enabled by SiGe Epitaxy" published at ECS Transactions, 33 (6) 777-789 (2010), all of the forgoing are incorporated herein by 

reference. 

[00082] Another alternative is to skip steps related to Fig. 2D-2I and use the SiGe layer 204 as an etch stop, and after transfer grind 

and etch back the donor substrate 202, using the Si Ge as an etch stop. And if desired, remove the Si Ge layer 204 with an additional 

selective etch step, etching SiGe and very little or negligibly thin backside of the top silicon 206. The base substrate 202 could be 

about 775 microns thick while the SiGe 204 could be ten nm or less, or few tens ofnm or even few 100 nm. For example, a 3D 

technique of flip bond and etch back of an SOI donor such as presented in at least U.S. patents 6,821,826, 7,723,207 and 7,312,487, all 

the forgoing are incorporated herein by reference. As an alternative to the use of SOI wafers, the base substrate 202 would not be 

reused but rather be ground and etched away from its wafer backside. The back grind and etch back could use wet etching and the 

SiGe layer 204 could be designed to be very resistive to the silicon wet etching. The SiGe could be designed to have multiple layers 

including one that might have high Ge content, for example, such as over about 20% or over about 40% or over about 80%, followed 

by other layers with low Ge content such as less than about 20% or even less than about 10% to reduce stress so to support the silicon 

layer 206. Fig. 1B illustrates an example of having the alternating Si and SiGe layers being comprised by multiple sub-layers with a 

varying content of Ge in the Si Ge. Depositing or epitaxially growing the Si Ge interface layer to the silicon with a smaller amount of 

Ge content decreases the stress due to the lattice mismatch. Then gradually increasing the Ge content to the desired level and then 

after the desired thickness has been grown gradually reducing the Ge content toward the next level of silicon could be used to reduce 

stress from both sides of the Silicon-SiGe-Silicon structure. Reducing the stress could help reduce the risk for formation of point 

defects and dislocations, and could help the engineering of the SiGe thickness as needed for the application. The alternative of use of 

Si Ge as an etch stop later is further discussed herein later. 

[00083] Alternatively, the 'cut' process could be integrated with Siltectra's 'Cold Split' technology as has been detailed in at least 

U.S. Patents 8,440,129 and 8,877,077, and U.S. applications 20160064283, 20160086839, all of which are incorporated herein by 

reference. These techniques would allow reuse/recycling of the donor wafer (base substrate 202A middle location inside SiGe or the 

interface between Si and Si Ge could be used to provide the "Pre-Defined Break Initiation Point" as an alternative to the Siltectra use 

oflaser or in addition to it. The Siltectra's 'Cold Split' could reduce the need for the undercut etch and posts formation processing 

while providing reuse of the base substrate 202. For this technique, a multilevel Si Ge could be designed to support the 'cut' on the one 

hand but also to reduce damage to the device layer on the other. This could be accomplished by increasing the Ge content in the 

interface with the base substrate 202 to have high Ge content such as over about 20% or over about 40% or even over about 80% and 

then on the side interfacing with device layer 206 forming a low Ge content such as less than about 20% or even less than about 10% 

to reduce stress to the silicon circuit layer 206. Alternatively, a few atomic leyers thick Ge rich Si Ge layer or even a pure Ge layer 

maybe used as a predefined break layer. 

[00084] Once the base substrate 202 is removed, a selective etch could be used to remove the SiGe residues. Additional thinning 

processes such as etch and/or CMP could be used to further thin the back side of the device layer 206. Connection layers could be 

added included vias aligned to the target wafer 302 using "Smart Aligrnnent" and similar 3D integration techniques discussed here and 

the incorporated by reference art. 

[00085] This use of Cold Split could be used to form SOI wafers and could be less expensive to manufacture when compared to the 

current ion-cut methods. 

[00086] A variation of flow in respect to Fig. 2A-2I, is to have the first set of holes 214 posts formed as part of the substrate process 

prior to desired circuits 212 processing. Accordingly, the flow in respect to Fig. 2E could be done to the donor wafer illustrated in Fig. 
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2C. These posts could be positioned at the dicing streets such as those between reticle projections, so they would not interfere with the 

future desired circuits 212. Alternatively post formation may be done to the donor wafer illustrated in Fig. 2B, which could then be 

processed with an epitaxial process which could be thick enough to fill-in the space on top of these posts allowing the following 

circuit processing without concern forthe posts' locations. The number of posts per wafer could be 1-2, 4-10, 10-50 or over 100 first 

set of holes 214 posts per reticle. The diameter of these posts could be the size ofvias for the designated process, or 50-100, 100-200, 

200-400 nm or even larger. The material in these posts could be material compatible with these semiconductor processes and may be 

designed to be very selective with respect to the SiGe etch such as Silicon-Nitride, or any of the materials used for contacts such 

tungsten, or their combination, or, for example, copper, aluminum, titanium, tantalum, cobalt metals and/or silicide of the metals. 

[00087] Another alternative is to use a similar flow to form a donor substrate which could support layer transfer as an alternative to 

an EL TRAN based donor wafer. This embodiment offers silicon on nothing structures anchored by post structures on the silicon ends. 

Then, the process follows using wafers with silicon on nothing. An exemplary donor wafer construction flow could include the steps 

A-F, referencing the illustrations in Fig. 4A-4H: 

A. As illustrated in Figs. 4A and 4B, on a reusable donor wafer - base substrate 402 and epi layer 404 as a sacrificial layer 

may be formed, for example, by epitaxy processes. Epi layer 404 may be formed with a thickness of about 100 nm, or about 200 nm, 

or about 500 nm, or about 1000 nm or about 2000 nm, depending on process integration and architecture engineering decisions and 

tradeoffs. Epi layer 404 may include various materials, for example Si Ge, in anticipation of a sacrificial etch later in the process flow. 

The content of Ge in the SiGe may be designed per the selectivity desired and in consideration of the stress. Predefined trenches (not 

shown) in the designated dicing streets (or other non-circuit areas, for example, such as the streets between projection fields) could be 

used to release the potential stress. These trenches could have a width and a depth approximately corresponding to the thickness of the 

epi layer 404 SiGe layer. 

B. As illustrated in Fig. 4C, first epi silicon layer 406 as an active device layer may be epitaxially grown on top of epi layer 

404. The thickness of silicon layer 406 may include a thickness of about 10nm, or about 20nm, or about 50nm, or about 100nm, or 

about 200nm, or about 500nm, or about 1000nm or about 2000nm, as desired for the electronic circuits, depending on engineering, 

materials and scientific device considerations. In many formations, first epi silicon layer 406 may be considered to consist of mono­

crystalline or single crystal silicon. 

C. As illustrated in Fig. 4D, first set of holes 414 may be formed to eventually be anchors of silicon on nothing structures 

(by, for example, a conventional mask and etch sequence of processing) and may extend through the first epi silicon layer 406 and the 

SiGe epi layer 404. These holes could then be filled with silicon nitride or oxide or other material that would be remained to future 

silicon and Si Ge selective etches. Filled first set of holes 414 may serve as posts to hold the top layer designated to be transferred in 

later steps. First set of holes 414 may be located in the dicing streets area and may be designed to be weak enough to be tom out at the 

'cut' step, by methods, for example, such as mechanical tear-off, edge and twist tear-off, water jet, according to design and process 

integration engineering considerations. 

D. As illustrated in Fig. 4E, form multiple second holes 424 to expose the Si Ge layer 404 and resultantly allow a full etch of 

the sacrificial SiGe layer (the former SiGe epi layer 404). These holes need to be open through the first epi silicon layer 406 all the 

way into the SiGe epi layer 404. 

E. As illustrated in Fig. 4F, selectively etch the sacrificial Si Ge layer creating void 426 underneath the first epi silicon layer 

406. The suspended first epi silicon layer 407 may remain substantially flat for good bonding process. 

F. As is illustrated in Fig. 4G perform additional epitaxial processing adding second epi silicon 432 (incorporated suspended 

first epi silicon layer 407 in drawing) and sealing second holes 424. The material and doping type of second epi silicon 432 may be the 

same or different from those of the first epi silicon 406 depending on the applications. The additional epitaxial width could exceed the 

second holes 424 radius to ease the holes sealing. A smoothing technique such as chemical mechanical polishing and H2 annealing 

could be used to improve the top layer surface. 

[00088] The donor wafer illustrated in Fig. 4G could then be used to process circuits 212, similar manner such as illustrated in 

Fig.2D and could form some interconnections 216 similar manner as illustrated in Fig. 2F, and then be flipped and bond on top of a 

Micron Ex. 1002, p. 634 
Micron v. YMTC 
IPR2024-00910



WO 2018/071143 PCT/0S2017/052359 
9 

target wafer in a similar flow as is illustrated in Fig. 3A-3D, and many flows presented in the incorporated by reference material, such 

as U.S. 15/173,686 in respect to EL TRAN base donor wafer. 

[00089] The silicon epitaxial layer 206/406 could be constructed from two layers such as first layer doped n+ followed by p- doped 

layer. Such double layer construction could allow smoothing of the surface 213 of the transferred layer after the transfer. Selective 

etch could etch the doped n+ layer leaving a smooth p- doped layer. Alternatively, the silicon epitaxial layer 206/406 could be made 

with three layers as is illustrated for example in Fig. 4H. First a p- layer 442, followed by n+ layer 444 and finally the upper most p­

layer 446. The upper layer 446 could be used for the transistor layer, underneath it layer 444 which could support back-bias as 

suggested by Zeno Semiconductors and as published such as in papers by Jin-Woo Han et al titled "A Novel Bi-stable 1-Transistor 

SRAM for High Density Embedded Applications" published at IEDM 2015, and "A CMOS-Compatible Boosted Transistor Having 

>2x Drive Current and Low Leakage Current" published at ESSDERC 2016, incorporated herein by reference. And the bottom layer 

442, as a sacrificial layer, to support smoothing, post transfers by selective etch as discussed above. 

[00090] In U.S. patent applications 15/095,187 and 15/173 ,686 incorporated herein by reference, EL TRAN base layer transfer 

techniques are shown being adapted to support die to wafer 3D IC construction. Some of the die-to-wafer flows suggest transfer of 

dies having a relatively greater thickness such as 6 microns or even 20 microns and further thinning these dies after being bonded to 

the target wafer. Such die thinning could leverage a multi layers die structure. As an example, a multilayer such as is illustrated in Fig. 

4H could be used. For such the bottom layer 442 could be silicon on top of it Si Ge layer 444 and at the top silicon device layer 446. So 

the multilayered 440 could be 'cut' and bonded at a die level onto the target wafer, then a selective etch from the top could be used to 

first remove the silicon layer 442 and then thin the die all the way to the device layer by selectively etching the Si Ge layer 444. These 

extra layers 442 and 444 could have a thickness of about 1 micron, 1-3 microns, 3-6 microns or even higher. The device layer 446 

itself could have more sub-layers such as n+ and p- to support the back-bias scheme as discussed before. The use of multilayers, such 

as Si Ge, allows having flexibility so a layer thickness is first set to support transfer at the wafer or die level providing the mechanical 

strength required for the handling and transfer, to be followed by selective etch trimming the thickness of the devices to support the 

electrical function and to allow forming via and other connection for following steps. These could be engineered by the artisan in the 

art. The 'cut' techniques could include selective under-etch or grinding and etch back as could be engineered for specific applications. 

[00091] All these multilayer structures could be formed during the epitaxial growth by adding materials as gases to the epitaxial 

growth chamber as well known in the art. 

[00092] These variations could be used for donor wafer substrate formation as discussed in reference to Fig. 4A-4H, or for 

transferable device layer as discussed in reference to Fig. 2A-2I. 

[00093] As been stated before, a buried Si Ge layer could be used as an etch stop layer. Use of buried Si Ge as an etch stop layer to 

transfer a crystalline layer on top of another wafer structure has been presented in U.S. Patents 6,521,041, 6,689,211, 6,940,089, 

7,348,259 and U.S. patent applications 2014/0342523, and in combination with ion cut in U.S. patent applications 2007/0023066, 

2008/018959 all of the forgoing are incorporated herein by reference. 

[00094] An additional alternative is to combine the porous formation technology of the EL TRAN based wafer transfer with the 

epitaxial ease of formation of silicon -Si Ge technology base layer transfer presented herein. In U.S. patents 5,685,946 and 5,757,024 

and in paper by Mondiali, V., et al. "Micro and nanofabrication of SiGe/Ge bridges and membranes by wet-anisotropic 

etching." Microelectronic Engineering 141 (2015): 256-260, all incorporated herein by reference, SiGe is shown to be stain etched 

forming a porous layer with about 100 to 1 selectivity with respect to silicon. Using this selectivity could allow forming a 'cuttable 

substrate' from the structure of Fig. 2C or Fig. 4C without the need of the posts formation of Fig. 2E or Fig. 4D. This concept could be 

applied to substantially all of the transfer flows presented herein including die level and wafer level transfer. The buried SiGe layer 

would become mostly porous Ge or porous Si Ge layer and would withstand the following process temperature and other related 

process steps. For the 'cut' step the techniques presented in respect to the EL TRAN process could be used, such as mechanical tear­

off, edge and twist tear-off, water jet, and extremely selective etch (being porous and Ge vs. silicon). Thi, would simplify the layer 

transfer process and would allow substrate reuse, both cost saving opportunities. 
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[00095] The stain etch of a buried (Si or Ge or) Si Ge layer converting it to porous layer could also be used when thermal isolation is 

required. Porous layers function well as a thermal isolation layer and oxidizing it could further add mechanical strength and further 

decrease its thermal mobility. Accordingly such a layer process could be useful in forming thermal isolation between the stratum of 

the 3D structure. So, for example, using Si Ge as an etch stop could be followed by, instead of etching away the Si Ge after grinding 

and etching of the silicon substrate, stain etching the Si Ge converting it to a thermal isolation layer. 

[00096] Converting the buried SiGe layer to porous layer by stain etching as presented above could leverage the STI etching step to 

use it as access to the buried SiGe layer or could include dedicated holes 224, 424, etching step. These access holes could be designed 

to provide access for effective conversion of the full buried Si Ge layer underneath the die to Si Ge. Such full buried Si Ge conversion 

could be engineered based on the height of the buried Si Ge layer the percent of Ge and other engineering aspects. As presented in U.S. 

patents 5,685,946 and 5,757,024 the side spread of the stain etching could extend to over 1 micron from the access holes. The 

engineering aspect of such full SiGe conversion could include Electronic Design Automation ("EDA") to support the design process 

to place these holes throughout the die surface to provide sufficient access to full Si Ge stain etching. Such EDA support could include 

adapting the macro-cell library to include access for very large structures, providing a holes adder utility to add holes in 'white' spaces 

area that do not need holes or STI for the active circuits, and adding modules to the Design Rule Checker ("DRC") utilities. Similar 

type of EDA enhancements to support process modules, is common practice in the industry. 

[00097] The layer transfer process could include two steps. First step could be performed at the frontend of the line of the process 

optionally as part of the STI process in which the SiGe layer is stain-etched converting it to a substantially porous layer. The second 

step could be performed just as before the layer transfer. In this second step, the porous-Si Ge layer is selectively etched to make it 

ready for "cut" - detach. At that point the porous-SiGe could be selectively etched with extremely high selectivity. As discussed 

before, etching porous layer is about 5 orders of magnitude faster than etching the respective same material in full solid form. In 

addition the porous-Si Ge is mostly Ge which could be extremely selective etched in respect to silicon. Accordingly the porous-SiGe 

could be etched with many orders of magnitude selectivity vs. silicon or other elements of the active circuits. In this case, the top 

silicon sidewall protection process described in Fig. 2H and Fig. 21 may be skipped. For the second step of weakening the porous-

SiGe the required deep holes access could be designed with very low area loss. An example for such low cost access could be using 

the dice lanes. Deep etch of the dice lanes could help the layer transfer and detaching process as 'divide and conquer'. Additionally, 

the second step of weakening the porous-Si Ge etch could be design to leave only small porous regions in the center of dies, keeping 

the dies in place for the bonding but make it easy to then detach the wafer leaving the active die bonded and the substrate detached and 

ready to be refreshed for reuse. An additional aspect of these porous-SiGe and related layer transfer techniques herein is an improved 

bonder machine which could include a detaching module. Such a detaching module could be a simple twist and pull apart, tearing off 

the substrate for reuse. 

[00098] Additionally, a substrate 502 similar to one illustrated in Fig. 2C could be used in a conventional semiconductor fabrication 

process to process device layer contacts and potentially some connectivity 516 as illustrated in Fig. 5A. The Si Ge layer 518 could be 

made as a buffer layer with multiple gradient Ge or as a uniform SiGe with Ge content of 15-20% or 20-30% or even higher. The 

circuit layer could be covered with oxide layer 517 and then planarized and made ready for being bonded to a target wafer 504 shown 

in Fig. 5B. The target wafer 504 may also be processed with the desired level of metallization. An oxide to oxide bond could be used 

to bond it to the target wafer 504 as illustrated in Fig. 5C. Other types of bonding could be used; such as metal to metal or hybrid 

bonding. Then a grind and etch could be used to remove the silicon substrate 502 from the bonded structure 522 leveraging the Si Ge 

layer 528 as an etch stop resulting with the structure 524 as is illustrated in Fig. 5D. 

[00099] Alternatively, the substrate 502 could be made with perforations similar to as been described in U.S. patent 8,273,610, 

incorporated herein by reference, in respect to at least Fig. 184 and Fig. 185. The SiGe layer could be etched or stain etched through 

these perforations allowing the detachment of the carrier wafer 502 for reuse. 

[000100] Additional advantage of the techniques described herein is having the transferred circuit being an SOI circuit with its active 

silicon thickness to be fully depleted channel. The single crystalline silicon layer such as 530 could be made thin enough and being 
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bonded over oxide and covered with oxide effectively could provide the SOI functionality and if made thinner such as 10 nm provides 

FD SOI functionality. 

[000101] Fig. 6A is a 'cuttable' wafer carrying circuits 610 such as memory control (periphery) circuits. Fig. 6D illustrates 

transferring the circuits 610 of Fig. 6A on top of the structure 604 of Fig. 6B, transferring the substrate 601 and partially the 'cut-

layer' (Si Ge) 603, and then removing base substrate 601 and partially the 'cut-layer' 603. An additional inventive embodiment is to 

optionally form a thermal isolation 608 on top of the memory matrix of target wafer 604 as is illustrated in Fig. 6B. In U.S patent 

9,023,688, incorporated herein by reference, in at least Figs. 1-5 and associated specification sections, various thermal isolation layer 

techniques are presented to allow high temperature processing of the upper layer with minimal effect of the underlying circuit. These 

techniques could also be used to allow thermal isolation between one stratum and the other strata. Such could help isolate the 

operating temperature of one stratum so that it would not affect the operation of the other stratum. For example, the target wafer 604 

could be primarily memory circuits while the transfer circuit 610 could be logic circuits that consume higher power during operation. 

The logic circuit might be generating heat and operate at a higher temperature that the memory circuit underneath; for example, a 

temperature difference of greater than about 20°C, greater than about 40°C, greater than about 60°C, greater than about 100°C. 

Accordingly forming a thermal isolation layer 608 in-between might help isolate temperature across these strata. Such isolation layer 

techniques could also include having layer 608 act as a sacrificial layer that could be etched under the bonding layer 606 in similar 

way to what have been described in respect to the SiGe layer 204 in reference to Fig. 2D to Fig. 2I. Etching away layer 608 results as 

is illustrated in Fig. 6C, could further increase the thermal isolation by providing an air gap isolation 630 between straturns. The etch 

technique could be such which forms a first porous layer which could be fully oxidized providing buried air pockets and thus almost 

an air gap level of thermal isolation. Using these techniques could allow forming a thermal isolation layer 630 between two strata 

having a thickness of few tens of nm or few hundreds of nm or even few microns, and having a low thermal conductivity such as less 

than about 1 W/rnK or less than about 0.4 W/rnK or less than about 0.1 W/rnK or even less than about 0.05 W/rnK. Alternatively, the 

isolation layer, for example, thermal isolation 608, 630 in between the target wafer 604 circuits and the transfer circuits 610 could 

comprise aero gel or high porosity dielectric as detailed in U.S patent 9,023,688 and could be made extra thick to further increase the 

thermal isolation, such as, for example, greater than about 100 nm, greater than about 200 nm, greater than about 400 nm, or greater 

than about 1 micron thick. In some cases, a thickness of 1-10 microns may be indicated, depending on design and engineering 

tradeoffs. Additionally, bonding layer 606 could include a heat spreader structure to reduce hot spots and further help protect the lower 

stratum from the upper stratum operating heat or vice versa. Fig. 6D illustrates a two strata 3D circuit 620 using techniques described 

herein. Furthermore, the through layer via ("TL V") used to connect the upper stratum to the lower one could utilize titanium to further 

reduce the heat conductivity between these strata. These TL V could use extra thick isolation to reduce thermal conductivity to the 

surrounding areas. Additionally, some of those TL V may be dedicated thermal TL Vs wherein their main function is to serve as heat 

delivery channels to the heat sink and/or outside surface of the device. These even more important in respect to the TL V being used to 

conduct the heat from the operating circuit to the device external surface which is part of the device heat removal structure. Such extra 

thick lateral isolation could be greater than about 100 nm, greater than about 200 nm, greater than about 300 nm, greater than about 

500 nm or more than a micron thick. 

[000102] In a 3D system such as is illustrated in respect to at least Fig. 6D or Fig. l lD-1 lE, may include both a memory array and a 

logic circuit, the thermal isolation 1157, to keep the logic heat away from the memory array, could be placed in between the logic 

circuit 1156 (or logic layer) and the memory control circuit 1155 (or memory control circuit layer) as is illustrated in Fig. l lE. In 

general many vias, such as Thm Layer Vias (TL Vs), may be connecting between the memory control circuit 1155 and the memory 

array 1131. These vias could connect to substantially every word-line, bit-line, source-line, and so forth. On the other hand the logic 

circuit 1156 could connect to the memory control circuit 1155 using address lines which represent far less connections (as an example 

- 10 address line could control, with proper decoder circuits, 1024 word-lines). Reducing the number of TL Vs through the thermal 

isolation layer 1157 helps reduce the thermal connectivity through it and greatly improves the effective thermal isolation. 
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[000103] Formation of multiple levels of arrays of transistors or other transistor formations in the structures described herein may be 

described at least by the terms 'multilevel device' or 'multilevel semiconductor device.' Some examples of multilevel device may 

include memory device such as DRAM, SRAM, and Flash memory and image sensors such as CCD and CIS. 

[000104] 3D devices could include redundancy for defect recovery in addition to redundancy techniques know for 2D devices. Such 

3D devices could include one-time-programmable memory for at least packaged level memory repair. Such redundancy techniques 

and structure has been presented in U.S. patent 8,395,191, incorporated herein by reference, in respect to at least Figs 41, 86, 87, 114-

132. 

[000105] Additional variations of redundancy and repair techniques could be integrated within the 3D SRAM. 3D DRAM or 3D NOR 

fabric as detailed in PCT /US patent application 16/5 2 726 and U.S. application 15/3 3 3, 13 8, incorporated herein by reference. 

Hereinafter, the use of 3D NOR fabric in any of embodiment in this invention may be 3D SRAM fabric or 3D DRAM fabric unless 

otherwise specified. 

[000106] Further inventive aspects follow. Fig. 7 illustrates a logic function of general 'look up table' and more specifically 3D 

architected look up table LUT-U 702 being processed together on top of logic function LUT-B 704, both sharing the same control 

gates and each may act as redundancy for the other, where -U and -B respectively denote upper stratum and bottom stratum, or upper 

portion and the bottom portion of the 3D structure. Fig. 7 illustrates that the LUT-U is included in the upper strata and the LUT is 

included in the bottom strata where two strata are constructed the mean explained in this invention. Placement of the stratum may vary 

due to engineering and design considerations. A progranunable interconnect (I/C) structure 701 may include first I/C structure 706 and 

second I/C structure 707 which allow connecting either one of the logic function outputs, LU-Out 742 or LB-Out 744, to the primary 

output 724. Such programmable interconnect may be SRAM or latch. Alternatively, such progranunable interconnect may be antifuse 

based OTP or other non-volatile memory such as RRAM, EEPROM, or flash, depending on the applications. The progranunable 

interconnect may be implemented in the fabric layers in between the upper and the bottom portion and could be considered as a third 

strata or comprise a portion of a third stratum. Self-test could be used to choose which of the outputs to connect using the 

progranunable connectivity structure first I/C structure 706 and second I/C structure 707. Redundancy could also be used for the 

interconnects such as is illustrated third I/C structure 714, fourth I/C structure 716, and fifth I/C structure 717, which would connect 

the LUT outputs to the secondary output 726. Another alternative is to have redundancy of the support circuits 712 on the bottom of 

the 3D NOR fabric as well. 

[000107] Fig. 8 illustrates a redundancy scheme wherein a middle LUT-M 803 look up table functions to repair faults in either the 

right LUT-R 802 or the left LUT-L 804. The LUT-M, LUT-R, and LUT-L may be included at the same strata. Alternatively, LUT-M, 

LUT-R, andLUT-L maybe placed indifferent strata of the 3D chip. The rightLUT-R 802 and the middle LUT-M 803 could share the 

same control gates, and the middle LUT-M 803 and the left LUT-L 804 could also share the same gates disposed in the valleys of the 

corresponding ridge as is illustrated. Programmable interconnects structure 806,807,808,814,816,817,818,827,828 allow 

connecting to selected LUT to the proper first primary output 824 or second primary output 826 to function as two complementing 

LUT functions as discussed in respect to Fig. 23 of PCT/US patent application 16/52726. 

[000108] These redundancy schemes have the advantage that they provide the repair locally keeping the overall circuit functionality 

consistent with or without activating the redundancy function. These are especially important for logic circuit operation. 

[000109] In these forms of redundancy read or write could be performed in parallel to two adjacent ridges once both ridge selects are 

enabled to accelerate the redundancy operation. 

[000110] Fig. 9A and Fig. 9B are corresponding to the 3D memory fabric presented in Fig. 14B and Fig. 14C of PCT/US patent 

application 16/52726. They illustrate the designated 3D memory fabric such as 3D NOR structure for staircase per layer connection 

902 and the staircase contact holes 906. An alternative technique for staircase formation is illustrated in reference to Fig. lOA-lOK. 

This technique leverages selective etch rates between the layers forming the 3D multilayer substrate, such as in the case of 3D NOR 

are the source/drain (SID) layers, that could include N+ type silicon, and the channel layers, that could include P type SiGe layers. 

Alternatively, the channel may be realized in the Si layers wherein the SID substantially resides in N+ Si Ge layers/regions. The 

selective etch could be designed to etch the SID layer faster than the channel layer, for example, at a rate such as twice as fast or even 
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higher than 2x such as (2-3 )x, (3-4 )x or even higher. This etch process is designed to be an isotropic etch, wet or dry etch could be 

used with proper consideration for sizes. However, this does not preclude the use of other etches, for example, one that is primarily but 

not substantially isotropic, and so forth. 

[000111] Multiple etch processes have been developed providing selectivity between the silicon etch rate and the Si Ge etch rate 

including variations related to the proportional content of Ge in the Si Ge. Such work was reported by V. Loup et al in work titled 

"Silicon and SiGe alloys wet etching using TMAH chemistry, published at Abstract #2101, 224th ECS Meeting; by Borel, S., et al. 

"Isotropic etching of Si Ge alloys with high selectivity to similar materials." Microelectronic engineering 73 (2004 ): 301-305; and by 

Stephan BOREL titled "Control of Selectivity between Si Ge and Si in Isotropic Etching Processes" published at Japanese Journal of 

Applied Physics Vol. 43, No. 6B, 2004, pp. 3964-3966, all incorporated herein by reference. 

[000112] Fig. lOA illustrates the starting structure showing SID layer that is to be converted into a structure for staircase per layer 

access region, having a top layer 1002 of mask, and multilayer ridge of SID layers 1004 and channel layers in-between the SID layers. 

The channel layer herein the per layer access region is a sacrificial layer that to be replaced by dielectric. The mask layer 1002 could 

be made to have a side etch similar to the SID etch rate. The opening in the mask 1002 could be similar to the depth of the SID layer or 

few times larger. The width could be similar to the width of the ridge. 

[000113] Fig. lOB illustrates the structure after etching through to top most SID layer through the opening in the mask. 

[000114] Fig. lOC illustrates the structure after etching the top most channel layer through the opening in the mask and through the 

top most SID layer. It could be seen the top most SID layer could be etched about twice the thickness (Z direction) of the channel layer 

to the sides (X-Y direction) as the etching is isotropic and the etch rate of the SID layer is twice higher than the etch rate of the 

channel layer. 

[000115] Fig. lOD illustrates the structure after etching the second SID layer through the top most channel layer. Note: These fignres 

are not accurate and serve for illustrating the concept. Fig. lOK-Fig. ION resulted from simulation and resemble the expected reality. 

[000116] Fig. lOE illustrates the structure after etching the second channel layer through the formed opening. 

[000117] Fig. lOF illustrates the structure after etching the third SID layer through the formed opening. 

[000118] Fig. lOG illustrates the structure after etching the third channel layer through the formed opening. 

[000119] Fig. lOH illustrates the structure after etching the forth SID layer through the formed opening. 

[000120] Fig. IOI illustrates the structure after etching the forth channel layer through the formed opening. 

[000121] Repeat the n-th SID layer and n-th channel layer etch until the etch process reaches the desired bottom most SID and channel 

layer. 

[000122] Fig. lOJ illustrates the structure after selective etch of the channel material in the structure and replacing the channel layer 

with isolation material. This process could accordingly form the desired staircase for per layer connection using one lithography step 

and multiple etch steps. Thus, top layer 1002 becomes etched top layer 1003, and the various multilayer ridge of SID layers 1004 

become the etched version 1005. Fig. lOK-lON are process simulation charts illustrating such a stair-case formation process. Fig. lOK 

may be the starting point having a resist processed to form a lithographic defined hole for the center of the stair-case structure. Other 

lithographic shapes may be formed due to engineering and design considerations. Herein, the SiGe was assumed to be the channel 

layer and the Si was assumed to be SID layer. Fig. lOL may be the first step of a multilayer etch using an isotropic etch having a 

Si Ge: Si selectivity of 1 :4. Fig. lOM illustrates the structure after the etch process has reached the base silicon going through five 

Si/SiGe layer pairs. The staircase is now formed. Fig. ION illustrates the structure after removal of the photo resist and an optional 

cleaning etch with 100: 1 SiGe:Si selectivity. The specific etch selectivity may be adjusted based on engineering and design 

considerations. Many variations of this concept could be considered by an artisan in semiconductor process including changing the 

etch process between these layers or even layer replacement techniques such as replacing the channel layers. Controlling the isotropic 

etch of the SID strips in the ridge allows forming the desired staircase. Many options of materials which have different etch rates are 

well known in the art. An example for such could be found in a paper by Kirt R. Williams et al, titled "Etch Rates for Micro machining 

Processing" published at JOURNAL OF MICROELECTROMECHANICAL SYSTEMS, VOL. 12, NO. 6, DECEMBER 2003 

incorporated herein by reference. The staircase formation techniques presented in respect to Fig. lOA-lON could be adapted by an 

Micron Ex. 1002, p. 639 
Micron v. YMTC 
IPR2024-00910



WO 2018/071143 PCT/0S2017/052359 
14 

artisan in semiconductor processing to many of the 3D memory structures including structures that use multilayers of poly over oxide 

or tungsten over oxide. 

[000123] Fig. l lA-Fig. l lD correspond to Fig. 35A-Fig. 35D of PCT/US patent application 16/52726. It is used to illustrates 3D 

system which includes 3D-NOR fabric 1130 over 'cut layer' 1113 over substrate 1110, and brought over from another substrate 1150 

and cut layer 1143 periphery circuits 1154, and brought over additional processing logic 1156 enabling such as "Processing-in­

Memory", or "co-processor in memory" or "function in memory". Such memory centric architecture may be useful compared to the 

conventional processor centric architecture for future machine learning, neural network, approximate computation and so forth. As 

discussed there many system options could leverage such 3D system 'Lego'. A generic memory array could be diced using predefined 

potential dice lines or etch defined dice line to fit specific overlay logic, the overlay logic itself could be broken to more than one 

stratum, and could include dedicated stratum for I/0, cut from another generic wafer. Additional 'Lego' options could be available 

from the 3D NOR fabric. One such option is segmenting and allocating the number of layers into the 3D NOR fabric and the amount 

of memory and programmable logic accordingly. Fig. l lD illustrates one type of 3D NOR fabric 1130 with control circuit 1154 and 

processing logic on top 1156. Alternatively another 3D system could be construct with similar "Lego" parts such as the processing 

logic 1156 with modified control circuit 1155 and a 3D NOR fabric with much fewer number of layers 1131. Another type of system 

variation using similar 'Lego' parts is to modify within the 3D NOR fabric where the thickness of the tunneling oxide is processed 

differently for sets of words line groups and accordingly creating variations with the memory type in the 3D system between retention 

time and access time. Another type of structure variation that could be applied is memory usage and the corresponding write and read 

techniques such as multilevel and mirror-bit tradeoffs between access time and density. Another type of modification that could be 

formed in the 3D system is the allocation of the fabric to memory versus to programmable logic. These variations could form 

completely different end 3D system with lower investment in new masks and higher leverage of the volume of generic product 

produced in the process line. 

[000124] An additional inventive embodiment for such a 3D system as is illustrated in at least Fig. l lD, is to add additional layer on 

top to provide an electro optics circuit which could allow use of light, such as, for example, fiber-optics or photonic components, to 

communicate with other systems and for other systems to communicate to the 3D system illustrated. Alternatively, the top layer of the 

3D system may be image sensors, hyperspectral sensor, or time-of-flight sensor. Such a 3D system could comprise a memory fabric 

such as 3D NOR fabric 1130 which could be allocated as sub memory sections, some for high speed and some for high density, and a 

compute circuits within control circuit 1154 that could have many cores and control circuits designed for communications and control 

of the underling memory fabric (such as 3D NOR fabric 1130), and communication layer within processing logic 1156 that could be 

made with material optimized for those tasks, such as those optimized for RF .. Such a 3D computer could be made to support very 

efficient programming as all its internal routing are far shorter compared with current Printed Circuit Board (PCB) technique of 

computer system integration or even the2.5D/3D initiatives. 

[000125] Such heterogeneous 3D integration allow the use of one type of fabrication facility for one of the strata, for example, a 

memory oriented fabrication facility to produce the memory array 1130, and very different facility for a different stratum, for example, 

such as a logic orientated fabrication facility producing the memory control circuit 1154, thus allowing an increased flexibility in the 

design of the overall system including use of much more advance fabrication lines for some of the stratum. 

[000126] Use of the alignment technique we call 'Smart Alignment' allows connection between the upper strata and the lower strata 

with vias (Through Layer Via - TL V) that are as small as the thickness of the layer and the process capabilities allow. Such is useful 

for connecting memory control circuits in one stratum to memory control lines such as bit-lines and word-lines on the other stratum. 

[000127] Fig. l lF illustrates the "smart Alignment' technique. The target wafer 1164, such as illustrated in Fig. l lB, could have its 

alignment mark 1162 and a connection strip target 1160 along direction 'X' 1190, having a length longer than the worst-case 

misalignment in 'X' direction of the wafer bonding (and subsequent release, planarization, and cleaning process). The transferred 

layer or wafer 1170, such as for example control circuit 1154 illustrated in Fig. l lA-11 C, may have its own transferred layer 

alignment mark 1166. The intersection between the horizontal connection strip target 1160 and the designated upper stratum vertical 

connection strip 1172, which could be aligned to the transferred layer alignment mark 1166, is now known and will be processed to be 
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locating the TL V21 1168. The processed vertical connection strip 1172 length should be designed to be longer than the worst-case 

misalignment in 'Y' direction of the wafer bonding. Accordingly, the via 1168 could be aligned, to target wafer alignment mark 1162 

in the Y direction and to the transferred layer alignment mark 1166 in the X direction. Once the via layers are formed an upper layer 

metal mask aligned to the upper layer alignment mark 1166 could be used to form connection between the transferred upper stratum 

and the target stratum underneath. Fig. 11 G illustrates connecting the upper stratum strips 1178 to memory control lines 1176 in the 

target wafer using the 'smart alignment' technique individually connecting to each control lines even for bonding misalignment which 

far exceed the memory control lines pitch. 

[000128] Yet the target wafer 1164 in most cases of memory array would have at least two set of control lines one in X direction and 

one in Y direction. To allow effective connectivity the 'Smart Alignment' technique could be enhanced to have two sets of TL V. One 

TL V21 aligned to target wafer's alignment mark 1162 in Y direction and to the transferred layer's alignment mark 1166 in X direction. 

And the other TL V12 aligned to target wafer's alignment mark 1162 in X direction and to the transferred layer's alignment mark 1166 

in Y direction. This may require two step of lithography. Fig. l lH illustrates such two connection sets. Bit-lines in X direction 1180 

connected to upper stratum by strips in Y direction 1182 while word-lines in Y direction 1184 connected to upper stratum by strips in 

X direction 1186. 

[000129] An additional inventive embodiment relates to monolithic 3D by layer transfer whereby a unique structure may be formed 

by replacing silicon with high quality oxide prior to the layer transfer at the time that high temperatures processes are acceptable. For 

example, the silicon in the zone 1179 that is being designated for TL Vs may be etched and filled in with high quality oxide ( or a lower 

quality oxide deposition followed by a high temperature armeal) that would have leakage current of less than one picoamp per micron 

at a device power supply voltage of 1.5 and at a measurement temperature of 25°C. Thus, as well, the TL Vs would not require any 

insulative lining to pass thru the TL V transiting layer, which could be islands/mesas of silicon in a sea of oxide, or vice versa. 

[000130] An alternative to, two lithography steps with two via masks, could be the smart use of direct write eBeam in which the 

eBeam alignment could be managed to provide proper placement for the TL V 12 and TL V 21 . 

[000131] In some applications, it could be desired to transfer stratum including interconnection performing what could be called 

parallel integration instead of sequential integration. Bonding layer or die in such case could utilize hybrid bonding forming bonding 

and direct metal to metal connection in the process. In general, such hybrid bonding utilizes connection pads that are large enough to 

accommodate the bonding misalignment which in advanced bonder is approaching 100nm worst case misalignment. Yet some 

memory stratum might use control line pitches which could not accommodate the bonder misalignment. An alternative for such cases 

could be use of bonding oxide that could be made to conduct by electrical signal, using what is known as One Time Programmable -

"OTP" or Resistive RAM technologies. In such case one stratum could have some control signal and power signal connected using the 

hybrid bonding while the memory control lines could be connected by programming. 

[000132] Fig. 111 illustrates a section of memory control lines in one stratum. Fig. l lJ illustrates connection segment on the other 

stratum. For the case in which the memory stratum is the one under the connection structure of Fig. l lJ includes connection strips in 

Y direction 1192 that are formed long enough to cover the bonding misalignment in Y direction, connected by via 1193 to the X 

direction connection wires 1194 on the upper layer. Fig. l lK illustrates these connection structures after the bonding. For 

misalignment of less than three memory control lines pitch, three independently controlled programming signal VPl, VP2, VP3 could 

be used to form the connection between the memory stratum and the logic stratum. These could be provided using properly arranged 

and connected diodes. Other arrangements could be designed and engineered. 

[000133] Fig. 12A and Fig. 12B correspond to Fig. 13E and Fig. 14D of PCT/US patent application 16/52726. Fig. 12A illustrates an 

optional alternating allocation of ridge select transistors 1202, 1203 formed in series of the SID lines on both ridge ends. The ridge 

select transistor 1202, 1203 can allow selectively the specific SID lines. Fig. 12B illustrates the 'Y' direction per SID layer staircase 

structure 1204. Fig. 12C illustrates X-Y cut (top view) of such alternating ridge select 1213 (RSl, RS3, RS5), 1222 (RS2, RS4) with 

'Y" oriented common staircase access on both sides 1214, 1224. The ridge such as 1216 may be associated with multiple word line 

controls (wl, w2, ... ) which could be consider first gates w-1, and second gates w-2 and controlling channel from both sides of the 

ridge, odd side w-lo, w-2o, and even side w-le, w-2e. Fig. 12D illustrates similar structure with a perspective 3D illustration of Fig. 
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12C except that the select transistors are staggered on left and right end of ridges. Such arrangement of staggered select gates on left 

and right end of ridges allows sufficient space for the per ridge select gate (without affecting the adjacent ridge). Fig. 12E illustrates a 

variation on Fig. 12C in which the side of ridge with no ridge select 1217 is directly connected to the respective 'Y' direction staircase 

structure 1214, yet isolated from the ridge select of its adjacent ridge 1233. The isolation layer 1233 may be a relatively thick oxide in 

order to minimize electrostatic coupling from the gate and the ridge across the isolation layer 1233. So, the select gate would only 

control a ridge on its relatively thin oxide side. Such arrangement of select gate enables equivalent function of Fig 12C. The variation 

of Fig. 12E would allow access to each cell from both ridge ends, as there are both still connected to the respective staircase access 

1214, 1224. 

[000134] In consideration of the 'smart alignment' as was previously discussed in respect to Fig. l lH, the 3D NOR fabric as is 

illustrated in Fig. 12B could be modified to allow easier connection to upper stratum accommodating bonding misalignment in X and 

Y direction. Fig. 12F illustrates such accommodation in modifying the structure of Fig. 12E. Two global wordlines (WL) are assigned 

for one local WL pitch; one for the odd side and another for the even side of a single ridge. The global word-lines WL 1 1236 and 

WL2 1238 are oriented in the Y direction and correspond to Y direction word lines 1184. Alternatively, no global WL is used but each 

vertical local WL may be directly accessed by a 3D stacked peripheral circuit on its top. The ridge select transistor 1228 could be 

modified as illustrated in Fig. 12F to be extended in the X direction 1234 to accommodate X direction misalignment. Thus the ridge 

select transistor 1228 may be a long channel transistor, which improves the leakage behavior for an unselected ridge. The per level via 

1205 of Fig. 12B could be extended in the Y direction 1232 to accommodate Y direction misalignment. Fig. 12G is a 3D perspective 

illustration with extended gate length ridge select transistor 1244 corresponding to 1234. Fig 12H illustrates the addition of connection 

vias, and Fig. 121 illustrates adding the word lines 1246 and the extended per SID layer connections 1242. Fig. 12J illustrates side 

view of the extended per SID layer connection. Precise wafer bonders available in the industry are proven and capable of bonding 

misalignments of less than 100 nm. Accordingly the structures to support such a bonder could be made with connection pad of about 

100 nm which could be used for ridge select pad 1234 to be about 100 nm in the X direction and the per layer pad 1232 to be about 

100 nm in the Y direction. 

[000135] Placing the staircase along the Y direction vertically aligned to the ridge direction reduces the area overhead associated with 

per layer access. When combined with the 3D integration of memory control circuits transferred and added on top and/or under the 

memory matrix, this supports an array built from many micro-arrays each with its own memory control circuits. Such a micro array or 

unit could have X direction and/or Y direction size offew tens of microns, or few hundreds of microns. This arrangement reduces the 

capacitance and resistance of the memory control lines thus allowing lower power and higher speeds for the memory device. 

[000136] Additional variation for the 3D NOR fabric is to use SiGe with 5% Ge content for the SID layers and SiGe with 20% or 

higher content for the channel layers to achieve higher growth rate for the epitaxial growth of the multilayer structure which could be 

used for cost reduction or alternatively reduce epitaxial process temperature with lower effect on the growth rate. 

[000137] Additional alternative for the 3D NOR fabric is to utilize charge trapping also as a variable memory function for brain type 

functionality in a similar fashion to what have been proposed inPCT/US2016/052726 for the RAM part of the fabric. 

[000138] Fig. 18 of PCT/US patent application 16/52726, presents a progrannning table for the 3D NOR memory. It utilizes what is 

called Hot-Electron injection. Fig. 13 of that same application depicts table for Flash memory programming. It presents Fowler­

Nordheim tunneling ("FN") which is a common flash progrannning and erasing technique and could allow lower energy per bit 

writing and erasing. Use ofFN programming for NOR type flash memory is presented in a paper by Masayoshi Ohkawa et al titled "A 

98 mm2 Die Size 3.3-V 64-Mb Flash Memory with FN-NOR Type Four-Level Cell" published at IEEE JOURNAL OF SOLID­

STATE CIRCUITS, VOL. 31, NO. 11, NOVEMBER 1996, incorporated herein by reference. The use ofFN tunneling as a 

programming mechanism may save write energy when compared to the less efficient hot-carrier programming. The FN tunneling can 

be bit-specifically conducted for the presented 3D-NOR architecture. In an unselected ridge, the ridge-select gates are turned off so 

that the SID lines become floating so to inhibit writing (progrannning) of those ridge memory cells. In a selected ridge, the ridge­

select gates are turned on so that the SID voltages for writing or reading can be applied through it. For the selected cell in the selected 

ridge, a high enough progrannning voltage is applied to the selected wordline and a pair of SIDs could be connected to a lower 
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voltage, such as grounded, so that there is sufficient electric field across the selected SID line and the selected wordline to effect 

charge transfer into the charge trap layer or into the floating gate. For the unselected cell in the selected ridge, a disabling high enough 

positive voltage could be applied to all unselected SID lines to reduce the electric field across the unselected memory cells, and thus 

minimize program disturb. Note, under typical FN voltages wherein the WL voltage for writing is assumed to be 20V, the inhibit 

voltage forthe non-selected cell SID could be ~lOV. The half-selected cells are those cells that are sharing one of the selected SID 

lines and thus may suffer from disturb. The SID lines could be designed to withstand such voltage differential to avoid source-to-drain 

breakdown or punch-through from selected SID line to the adjacent unselected SID line Alternatively, the method is suitable for lower 

PGM (progranuning) voltages (assuming~ 5V), possibly adequate for thinner O/N/O. Mirror bit techniques might not be useable with 

FN tunneling or direct tunneling progranuning and some other disadvantages could be associated with such FN or direct tunneling 

progranuning. 

[000139] Despite the term "FN tunneling" solely appearing throughout here, it should be understood that it is not intended to 

differentiate FN tunneling from direct tunneling, rather there is also contribution due to direct tunneling as well as FN tunneling. 

Unless otherwise specified, the sole use of "FN tunneling" herein contains the meaning of direct tunneling. 

[000140] Fig. 13A illustrates a small section of the 3D NOR structure which could assist in presenting alternative writing and erasing 

schemes of memory cells within the 3D NOR memory. Illustrating two colunms, each with its local word-line, WL 1 1304, WL2 1306, 

with 8 SID lines 1311-1318, and Ridge Select gate 1302. 

[000141] The entire ridge could be Fowler-Nordheim ("FN") erased by selecting the ridge and either by grounding all SID lines and 

channel while powering all the word-lines with negative erase voltage -Ve, or by positively biasing the channel while grounding all 

SID lines and WL's. Optionally, positively biasing SID lines and grounding WL and Channel lines can be carried out as well. As 

discussed herein before, specific voltages could be set for specific structures. For example, -5 volts could be used for FN erase for -Ve, 

and +5 volts for Ve. For use of the channel access for any programming or erasing explained, the body contact structure needs to be 

disposed, which will be explained later herein. 

[000142] Alternatively, the entire ridge could be hot-hole erased, by selecting the ridge and grounding one SID line from SID pair 

and positively biasing the other SID line while powering substantially all the wordlines with a negative erase voltage and optionally 

grounding substantially all channel lines. In this case, the hot-hole erase favorably occurs near the positive biased SID region. 

Therefore, such hot-hole erase may be used to one-side ridge erase in a mirror-bit memory system. In order to completely erase both 

the source side and the drain side storage nodes using hot carriers, the erase may be accomplished by two steps; one-side erasing 

followed by opposite-side erasing by swapping grounded SID line and positively based SID line. 

[000143] A specific colunm within the ridge could be FN or direct tunneling erased by having all the other word-lines at the same 

voltage as the SID lines while the selected colunm word-line would be at negative differential Ve. For example, such as grounding all 

the SID lines (and channel 'body' if such is used in the structure) and all the non-selected word-lines and driving the selected colunm 

word-line with an erase voltage such as -5 volt in some specific structures. 

[000144] Fig. 13B illustrates FN erase condition for one cell 1320. That cell word-line could be set to -5v while the other colunm 

word-lines are kept at ground. The SID line and channel 'body' of the selected cell could be grounded while all other SID and channel 

lines are left floating. In such FN single cell erase the adjacent cells (the half selected cell) with the colunm 1322 might be disturbed 

and partially erased. All the other cells 1324 should be unaffected. The partially erased cell could be refreshed to their original state by 

per cell write steps. Alternatively, the use module could be utilized only unaffected cells such as using only the odd level cells. This 

would reduce the memory density while simplifying the operation ofFN per cell erase. 

[000145] The inverse ofFN erase could be used for FN write (progranuning) so instead of negative differential using a positive 

differential such as +5v instead of -5v of Fig. 13B. Accordingly the above discussion would apply to FN writing. 

[000146] Many variations known for Flash memories could be applied and adapted to the 3D NOR fabric. Such could be reversing the 

gate stack order by having the tunneling oxide between the gate and the charge trap layer. Such could be used for FN write and erase 

from the word-line to the charge trap or the floating gate. Other variations could be engineered by memory artisan using the 

techniques known in the flash memory art. 
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[00014 7] In general FN is known to be few orders of magnitude more efficient in power then hot electron techniques, and accordingly 

preferred for many applications. Yet, the additional benefit of using Schottky Barrier techniques is its highly efficient hot electron 

progranuning, which could be effective enough for many of these applications. Additionally the use of Si Ge for the channel with N+ 

silicon for the SID, could provide an additional enhancement to secondary hot electron injection as presented in a paper by Kencke, D. 

L., et al. "Enhanced secondary electron injection in novel Si Ge flash memory devices," Electron Devices Meeting, 2000. IEDM'00. 

Technical Digest. International. IEEE, 2000. This mechanism combines both the secondary electron injection with the smaller 

bandgap to generate higher impact ionization rates and subsequent electron irtjection probability. The proposed mechanisms may 

significantly reduce maximum voltages required for the program operation applied to WL, SID and channel lines. 

[000148] The 3D memory structures shown in Fig. 13C and 13D may include floating-body devices, so the body potential may be 

strongly capacitively coupled with the SID line voltage. So, it is assumed that when both SID line voltages are positively raised up, the 

body potential is also raised up accordingly. As a result, no sharp energy band bending near P-N junction is made to cause the band­

to-band tunneling. It is assumed that the minimum voltage for FN tunneling erasing across the gate and the SID line was -5V as shown 

in Fig. 13B. Therefore, the voltage difference of -4 V across the gate and the SID lines shown in Fig. 13C and Fig. 13D most likely 

will not cause the FN tunneling erasing. However, the techniques illustrated in Fig. 13C and 13D are intended for hot-hole injection 

caused by a potential gradient induced by asymmetric voltage for one grounded SID line and another partially positively biased SID 

line along with a partially negatively biased gate. 

[000149] Fig. 13C illustrates Gate Induce Drain Leakage ("GIDL") erase for one cell 1330 within a selected ridge 1332 wherein 

channel lines are floating. The selected cell 1330 Source line 1352 could be grounded (0 volt), its Drain line 1353 could be powered 

with positive voltage such as 2v, and its word-line 1334 is connected to negative erase voltage such as -2v. The differential voltage 

between the positive Drain line and the negative word-line (-4v) should be below the voltage inducing FN erase. The specific voltage 

could be set for specific device as previous discussed. The non-selected word lines 1336 could be grounded in order to disable GIDL 

current. The SID lines above the selected cell 1351 could be grounded and the SID lines below the selected cell 1354-1358 could be 

powered to positive 2v. The non-selected cells 1344 could therefore see their Source and Drain at same potential and accordingly no 

current is induced to the channel and accordingly non creation of hot-holes. And having the voltage difference across a gate and SID 

line below the threshold level ofFN tunneling should keep the trap charge with no change. In the selected cell the differential voltage 

between its Source and Drain could induce leakage under the negative gate bias, such leakage could form hot-holes, and the negative 

field of the word-line 1334 will pull these holes into the charge trap (or floating gate) layer to erase its stored electrons charge. 

[000150] Using positive voltage (+2v) for the selected word-line 1334 of Fig. 13C could allow writing in the charge trap (or floating 

gate) layer of the selected cell 1330. Having a positive gate would actually open the selected cell transistor strongly increasing the 

transistor current and accordingly the formation of Hot-Electron to be pulled in by the positive word-line voltage. Using the up side 

flip similar to Fig. 13D could change the location of trap charge. Note, the above mentioned voltages are extremely small for typical 

NVM device and may be obtained if extremely thin ONO thickness is selected, such as bottom-oxide of 1 nm, nitride thickness of 2 

nm and top-oxide such as 2 nm. Further, for CHE progranuning the drain to source voltage must be typically larger than ~3V. Other 

mechanisms such as SB injection may require lower drain voltage (absolute value), such as -2V. 

[000151] An alternative writing and erasing could be performed by having the non-selected SID lines floating. In order to use such a 

scheme, the floating body 3D structure is preferred as the body region can be also floated according to the floated SID. 

[000152] As stated the specific voltages for write erase of selected cell and not affecting of non-selected cells could be tuned for 

specific devices. These tuning could include the presented write and erase techniques and variations of those as known in the flash 

memory art including mixing techniques such as FN and Hot-Electron/Hot-Holes .. Many variations are known in the art and could be 

adapted for the 3D NOR memory. Such as those presented in U.S. patent 7,113,431, 7,220,634, 7,590,005, 8,183,616 and applications 

2006/0125121, 2009/0086548, 2011/0095353 and 2012/0231613, incorporated herein by reference. And papers such as by Lei SUN et 

al. titled "Characteristics of Band-to-Band Tunneling Hot Hole Injection for Erasing Operation in Charge-Trapping Memory" 

published atJapanese Journal of Applied Physics Vol. 45, No. 4B, 2006, pp. 3179-3184, by Alvaro Padilla et al titled "Enhanced 

Endurance of Dual-bit SONOS NVM Cells using the GIDL Read Method" published at 2008 Symposium on VLSI Technology, by 
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Kyoung-Rok Han et al titled "5-bit/cell Characteristics using mixed program/erase mechanism in recessed channel non-volatile 

memory cells" published at Current Applied Physics 10 (2010) e2-e4, by LIU LiFang et al, titled "A 1 G-cell floating-gate NOR flash 

memory in 65 nm technology with 100 ns random access time" published at SCIENCE CHINA, Information Sciences April 2015, 

Vol. 58, by Yu Wang et al titled "A 65-nm 1-Gb NOR floating-gate flash memory with less than 50-ns access time" published at Chin. 

Sci. Bull. (2014) 59(29-30):3935-3942, by Ken Uchida et al titled "Enhancement of hot-electron generation rate in Schottky source 

metal-oxide-semiconductor field-effect transistors" published at Applied Physics Letters 76, 3992 (2000); by Kyeong-Rok Kim titled 

"Design of NOR flash memory cells, with high speed progranuning by utilizing an asymmetric Silicide(TiSi2) Drain" published at 

ICASIC07, by E. J. Prinz et al titled "90nm SONOS Flash EEPROM Utilizing Hot Electron Injection Programming and 2-Sided Hot 

Hole Injection Erase" published at NVM Workshop 2003, by Li-Jung Liu et al titled "Performance enhancement in p-channel charge­

trapping flash memory devices with Si/Ge super-lattice channel and band-to-band tunneling induced hot-electron injection" published 

at Thin Solid Films 533 (2013) 1-4, by Choi, Sung-Jin, et al. "A novel TFT with a laterally engineered bandgap for of 3D logic and 

flash memory," published at VLSI Technology (VLSIT), 2010 Symposium, IEEE, 2010, and by Yu-HsienLin et al, titled "Band-to­

Band Hot Hole Erase Mechanism of p-Channel Junctionless Silicon Nanowire Nonvolatile Memory" published at IEEE 

TRANSACTIONS ON NANOTECHNOLOGY, VOL. 15, NO. 1, JANUARY 2016, all incorporated herein by reference. 

[000153] The silicidation process suggested in PCT/US patent application 16/52726 and U.S. application 15/333,138 could be done 

by known technique in the art. These could include two annealing steps. First to form the metal penetration into the silicon followed, 

then removal of the excess metal by dry or wet etch, followed by second anneal to activate the silicide metal. These processes could 

include microwave annealing which was demonstrated to allow reduced temperature. Such process has been presented in papers such 

as by Xiangbiao Zhou et al titled "Schottky Barrier Height Tuning via Nickel Silicide as Diffusion Source Dopant Segregation 

Scheme with Microwave Annealing" published at 15th International Workshop on Junction Technology (IWJT), by Shih, Tzu-Lang, 

and Wen-Hsi Lee. "High Dopant Activation and Diffusion Suppression of Phosphorus in Ge Crystal with High-Temperature 

Implantation By Two-Step Microwave Annealing." ECS Transactions 72.4 (2016): 219-225, by Chun-Hsing Shih et al titled "Metallic 

Schottky barrier source/drain nanowire transistors using low temperature microwave annealed nickel, ytterbium, and titanium 

silicidation" published at MSSP 16, by Sounak K. Ray et al titled "Enhanced charge storage characteristics of nickel nanocrystals 

embedded flash memory structures" published at Journal of Experimental Nanoscience, 2013 Vol. 8, No. 3, 389-395, by Chaochao Fu 

et al titled "Schottky Barrier Height Tuning via the Dopant Segregation Technique through Low-Temperature Microwave Annealing" 

published at Materials 2016, 9, by Jian Deng et al titled "A modified scheme to tune the Schottky Barrier Height ofNiSi by means of 

dopant segregation technique" published at Vacuum 99 (2014) 225e227,by Y.-J. Lee et al. titled "Record-Thin 10.5nm Ni Silicide 

Film for 2012-2021 by Two-step Low Temperature Microwave Anneal" published at IEDM 11; Y.-J. Lee et al. titled "Full Low 

Temperature Microwave Processed Ge CMOS Achieving Diffusion-Less Junction and Ultrathin 7.5nm Ni Mono-Germanide" 

published at IEDM 12; by Y.-J. Lee titled "A Novel Junctionless FinFET Structure with Sub-5nm Shell Doping Profile by Molecular 

Monolayer Doping and Microwave Annealing" published at IEDM 14; by Y.-J. Lee et al. titled "Low-Temperature Microwave 

Annealing Processes for Future IC Fabrication-A Review" published in IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 

61, NO. 3, MARCH 2014; by T. Yamaguchi et al. titled "Low-Resistive and Homogenous NiPt-Silicide Formation using Ultra-Low 

Temperature Annealing with Microwave System for 22nm-node CMOS and beyond," published at IEDM 2010; by Ming-Kun Huang 

et al. titled "Dopant segregated Schottky barrier nanowire transistors using low-temperature microwave annealed ytterbium silicide" 

published in Japanese Journal of Applied Physics 53; and by Ming-Kun Huang et al., titled "Dopant segregated Schottky barrier 

nanowire transistors using low-temperature microwave annealed ytterbium silicide" published in Japanese Journal of Applied Physics 

53, 116501 (2014), all of the forgoing are incorporated herein by reference. Equipment for Microwave Annealing has been offered by 

DSG technologies of California. An additional advantage for use of Microwave Annealing and ALD is the compatibility of these 

processes with 3D structures. For example, the laser annealing might deliver non-uniform energy along the depth of the multiple 

stacks of semiconductor layers, which may result in non-uniformity. Microwaves could be designed to penetrate inside the 

semiconductor so that the annealing result may be uniform across the multiple stacks of semiconductor layers. In addition, the metal 

ALD may further enhance the metal silicidation, as the metal ALD can enable a deposit of a precise amount of metal to be used for the 
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silicidation. Consequently, no residual metal umeacted with the silicon may left and thereby no subsequent residual metal removal 

may be necessary. In some embodiments, the exact amount of the layered metal may be fully consumed during the silicidation 

process, which could save the subsequent removal process of non-reacted metal. Such could be also effective for additional 

applications such as FinFET and nano-wires providing additional advantage to reduce Schottky Barrier variations. 

[000154] Fig. 14A presents a drain current versus gate voltage (Id-Vg) curve taken from Fig. 8 of the paper by Ming-Kun Huanget et 

al. It illustrates the advantage of microwave annealing of a silicided nano-wire transistor. The chart illustrates the advantage of Dopant 

Segregation for Schottky Barrier in respect to reducing ambipolarity without sacrificing the drive current. Yet in some alternatives a 

3D NOR memory structure could be made with transistors having some level of ambipolarity. In such cases the sense amplifier could 

be made to support improved memory function. Assuming that the chart related to Schottky Barrier 1402 represent the memory cell of 

such 3D NOR. Assuming that the VT shift effected for '0' state is lv while 'l' state is as plotted in Fig. 14A. The sense amplifier for 

read circuit could be made to senses the differential drain current for gate voltage of 2v and 0v. For state 'l' such differential current 

could be about 10-6 A, while for state '0' the differential current could be about 10-7 -8*10-8 ~ 2*10-8 A Accordingly such differential 

sense amplifier could enable range of memory transistors to effectively function. 

[000155] Fig. 14B is an Id-Vg curve taken from Figure 11. (b) of a paper by Liu, Yongxun, et al., "Comparative Study of Charge 

Trapping Type SOI-FinFET Flash Memories with Different Blocking Layer Materials," Journal of Low Power Electronics and 

Applications 4.2 (2014): 153-167, incorporated herein by reference. It illustrates that in some memory applications a self-reference 

differential sense amplifier could be an effective technology for sensing the memory information. For example, if the Id differential 

read is determined by two step gate biasing between V g2=4 v and V g1 =0. 5v, then in the erase state the differential Id is relatively large 

compared to the progranuned state. Accordingly such self-reference differential sense amplifier could be a useful memory sensing 

technique for memory structure presented herein and elsewhere. Setting the gate voltages for such detection technology could be so 

the memory transistor threshold voltage (Vt) is in the voltages range (V gl <Vt< V g2) for one memory state and out of it (V gl >Vt or 

Vt>V g2) for the other. Such self-reference differential sensing could be effective in reducing the effect of absolute Id current value 

that is not related to the change in that cell wordline voltage. 

[000156] An additional inventive embodiment is to reduce the ambipolarity effect by using a relatively reduced drain to source 

voltage (Vos) such as 0.5-1 V during the read operation (for example, as compared to state of the art Mirror-bit technology of 1.4-1.6 

V). Lowering drain voltage can suppress the band-to-band tunneling leakage causing ambipolarity. Thus, effectively reducing the 

ambipolar current of the unselected bitline cell during the reading of the selected wordline cell. The reduced Vos may still distinguish 

between two physical bits per cell such as mirror bit scheme in reverse and forward read operations when a small Vt shift between the 

progranuned and the erased states such as about 1 volt may be implemented and as a narrow charge distribution is obtained using SB 

or DSSB injection compared to Channel Hot Electron injection in doped np junction. Furthermore, the reduced Vos improves 

immunity to read disturb and extends the retention time and endurance of the memory transistor. 

[000157] The Dopant Segregation Schottky Barrier CDS-SB") formation process suggested in PCT/US patent application 16/52726 

in respect to at least Fig. SE and 41E, could be modified to allow broader device control. Fig. 15A illustrates a Y-Z cut-view of two 

level 3D NOR memory (resembling Fig. 2 of 16/52726). On top of a section of a carrier wafer 1500, illustrated are side view of two 

ridges, having two layer of memory having channels 1502, 1504 each between two SID regions 1501, 1503 and 1506. A hard mask 

portion on top 1508 that could have been used for the etch mask forming these ridges. The SID regions 1501, 1503 and 1506 could be 

made ofN+ doped silicon and the channel 1502, 1504 could be made with P doped SiGe, or many other variations including replacing 

the NPN with PNP Si Ge with Silicon etc. For the following process alternatives, the materials of the channel 1502, 1504 could be 

selectively or non-selectively isotropic etched in respect to the SID 1501, 1503, 1506 in order to create selective indentation. Fig. 15B 

illustrates the structure after a selective isotropic etch of the channel regions 1505. For the case in which the SID is N+ silicon and the 

channels are P type SiGe the selectivity could be applied to about 100: 1 as is illustrated in Fig. 1. Fig. 15C illustrates the structure 

after deposition of protective isolation 1510 such as silicon dioxide followed by directional etch using the hard mask 1511 to remove 

protective isolation on SID side walls while leaving the protective isolation 1510 only at the region of the etched away Si Ge. The 

structure is now ready for the extra SID diffusion doping and SID silicidation. The protective isolation could be later replaced with 
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O/N/O (Tunneling Oxide/trapping Nitride/isolation Oxide) or be already design to be used as at least part of the O/N/O structure. In 

this step, the process temperature may be determined with consideration that doesn't substantially impact on the silicide and avoid 

junction spike. 

[000158] Adding the metallic material for the silicidation could be done by known in the art deposition techniques, for example, such 

as ALD. Examples may be found in a paper by Hyungjun Kirn, titled "Atomic layer deposition of transition metals for silicide contact 

formation: Growth characteristics and silicidation" published at Microelectronic Engineering 106 (2013) 69-7 5; in a paper by Viljami 

Pore et al. titled: "Nickel Silicide for Source-Drain Contacts from ALD NiO Films" published at the Interconnect Technology 

Conference and 2015 IEEE Materials for Advanced Metallization Conference (IITC/MAM), 2015 IEEE International; and by Jinho 

Kim et al. titled "Characteristics of Nickel Thin Film and Formation of Nickel Silicide by Remote Plasma Atomic Layer Deposition 

using Ni(iPr-DAD)2": published at Journal of the Korean Physical Society, March 2015, Volume 66, Issue 5, pp 821-827; and by 

Kinoshita, A, et al. "Solution for high-performance Schottky-source/drain MOSFETs: Schottky barrier height engineering with 

dopant segregation technique," published at VLSI Technology, 2004. Digest of Technical Papers. 2004 Symposium on. IEEE, 2004, 

all of which are incorporated herein by reference. 

[000159] An embodiment of the invention is to form full metallic source/drains . Such could include tuning the Schottky Barrier 

height or Fermi level de-pinning by a very thin deposition of isolation, for example, such as silicon oxide or high-k dielectric, prior to 

the deposition of metal. Such could be achieved by first fully etching away the SID regions and then filling in, the isolation using 

deposition techniques such as ALD, followed then by metal deposition and completed by removing the excess metal using etching, for 

example, anisotropic etching. Such techniques are known in the art as Metal Isolation Silicon ("MIS"). Such has been presented by 

Connelly, Daniel, et al. in a paper titled "A new route to zero-barrier metal source/drain MOSFETs," published in IEEE transactions 

on nanotechnology 3 .1 (2004): 98-104; by Demaurex, Benedicte in a dissertation titled "Passivating contacts for homo junction solar 

cells using a-Si: H/c-Si hetero-interfaces." at ECOLE POL YTECHNIQUE FEDERALE DE LAUSANNE, 2014; by Chiu, Fu-Chien 

titled "A review on conduction mechanisms in dielectric films," published in Advances in Materials Science and Engineering 2014 

(2014 ); and B. E. Cossa, et al. in a paper titled "CMOS band-edge schottky barrier heights using dielectric-dipole mitigated (DDM) 

metal/Si for source/drain contact resistance reduction" VLSI Technology 2009, pp. 104-105; all of the forgoing are incorporated 

herein by reference. The full metal source/drain to channel junction can be formed on one or more well-defined crystallographic 

orientation surfaces of the semiconductor channel as referenced in U.S. patent application publication 2010/0065887, incorporated 

herein by reference. Such approaches may be used to control the effective Schottky Barrier height. The metal source/drain can include 

a single type of metal such as tungsten, cobalt, platinum, nickel, or their silicide. Alternatively, the metal source/drain may include a 

stack of multiple metals in order to form a desired metal work-function and thereby a specific effective Schottky Barrier height. 

Alternatively, the stack of multiple metals may be used where the first metal contacts the semiconductor channel is thin, but 

predominately defines the effective Schottky barrier height and the subsequent metal(s) may be chosen for process convenience. For 

example, such as is disclosed in U.S. patent application publication 2011/0008953, incorporated herein by reference. For the memory 

application as presented herein the Schottky Barrier could be tuned to about 0.1 - 0.5 eV. Alternatively, the multilayer substrate, such 

as is illustrated in Fig. 3A of PCT/US 16/52726, could be made with undoped or P doped silicon designated to become the memory 

channel while the SID layers could be first be made of sacrificial Si Ge to be replaced with metal and function as the SID of the 

memory structure, effectively exchanging the role of the silicon and Si Ge in the structure. A variation of such a sacrificial Si Ge flow 

could include doping the bottom most and the upper most of the silicon strips after the removal of the Si Ge strips. Such doping could 

use techniques such as solid phase or gas based diffusion or monolayer doping (MLD), as previously discussed. Such could be used to 

form N+ regions in the silicon forming NPN type vertical transistors, and by adding metal into the grooves left by the removal of the 

SiGe the SID lines could be completed reducing the bit lines resistivity, and could include forming DSSB vertical memory cells. 

[000160] Fig. 15D illustrates an alternative in which the structure of Fig. 15B is formed via a two-step etch; selective SiGe etch 

followed by non-selective isotropic etch, etching both the SID and the channel at about equal rate, which create notch near Si and SiGe 

comers. The results should have round comer uulike what is in Fig. 15D illustration. The channel region 1516 are narrowed further 

but the SID regions are also etch forming an SID neck 1514 regions for the space etch from the side that was open by the prior channel 
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etch, and a thinner SID 1512. The height of the neck 1514 in Z direction could be controlled by the etch depth of this second etch step. 

Fig 15E illustrates the structure of Fig. 15D after similar formation of protective isolation 1520. Since the protective isolation 1520 is 

extended over the junction near the SID 1521, the silicidation junction direct short with the channel may be substantially avoided 

while the silicidation proceeds along the SID sides. The protective isolation could be later replaced with O/N/O (Tunneling 

Oxide/trapping Nitride/isolation Oxide) or be already design to be used as at least part of the O/N/O structure. In this step, the process 

temperature may be determined with consideration that doesn't substantially impact on the silicide and avoid junction spike. The top 

most SID 1521 could be used as mask for excess protective isolation directional etch removal. Alternatively, the hard mask 1508 could 

be trimmed to guarantee the SID side wall exposure for the following silicidation. This second etch step allow forming a neck to the 

SID providing more control for the DS-SB formation. 

[000161] An additional inventive embodiment is an additional alternative for the 3D NOR formation process, wherein it use a 

multilayer in which the SID layers are kept un-doped prior to the subsequent silicidation process. Such undoped SID layer and SID 

doping last process can prevent the channel autodoping problem during a multilayer epitaxial growth process. For the SB type that 

would be fine as the SID are defined by the silicidation process. For other types of memory cells and for DSSB the moderate N 

concentration such as order of 10 16 /cm3 or higher concentration ofN+ dopant such as higher than 1020 /cm3 could be selectively 

added to the SID region. which could be silicided after the ridge formation. In these cases, the channel regions could first be protected 

by techniques similar to those in reference to Fig. 15C-15E herein. Solid phase or gas base diffusion could be used to dope the 

vertically arranged multiple layers though the exposed SID regions. An example of these types of doping techniques are presented in 

papers by Ajay Kumar Kambham et al. titled "Three dimensional doping and diffusion in nano scaled devices as studied by atom 

probe tomography" published in Nanotechnology 24 (2013) 275705 (7pp); by Thomas E. Seidel titled "Atomic Layer Deposition of 

Dopants for Recoil Implantation in finFET Sidewalls" published at Ion Implantation Technology (IIT), 2014 20th International 

Conference on Ion Implantation; and by U.S. patent U.S. 5,891,776, and by D. Raj titled "Plasma Doping of High Aspect Ratio 

Structures" published at Ion Implantation Technology (IIT), 2014 20th International Conference on Ion Implantation; all of the 

forgoing incorporated herein by reference. A similar technique is also called Mono Layer Doping (MLD) as presented by Ye, Liang, 

et al. "Doping of semiconductors by molecular monolayers: monolayer formation, dopant diffusion and applications." Materials 

science in semiconductor processing 57 (2017): 166-172, all are incorporated herein by reference. These techniques could be used 

with substantially every 3D memory herein. For example, MLD techniques could be used on a dedicated region designated for SID or 

on the outer side of a region designated as channel. It could also be used for DSSB formation. 

[000162] The epitaxial process forming the multilayer base structure of the 3D NOR formation process could utilize an alternative 

technique to reduce the probability of dopant transition from the future SID regions to the channel regions. In a paper by Robert J. 

Mears et a. l titled "Punch-Through Stop Doping Profile Control via Interstitial Trapping by Oxygen-Insertion Silicon Channel" 

presented at EDTM 2017, incorporated herein by reference, an ultra thin layer of oxide integrated in the epitaxial process is suggested 

to keep dopant from drifting or diffusing by heat. A mono layer or even less than mono layer of oxide is an effective barrier to dopant 

pass through. Accordingly, for the multilayer epitaxial process, such oxide blocking could be integrated to support in-situ doping of 

the SID regions with blocking oxide at the interface of the SID layer to the channel layer. Such a method should be carefully 

considered as it may degrade SB current performance if SB technology is to be implemented. 

[000163] As note previously, the role of SID and Channel may be replaced wherein Si serves as the channel and SiGe as the SID 

region. Further and in accordance with 15A-E, Si Ge may be completely selectively etched wherein top and bottom planes of silicon 

layers may be doped by various methods such as Molecular Mono layer Doping, thus forming both channel and SID region within the 

Silicon crystalline layer. 

[000164] A known concern with memory arrays is various types of disturbs. Some of those are related to parasitic capacitance and 

similar forms of signal coupling due to the relatively long and close proximity of parallel memory control lines such as bit lines and 

word lines. These concerns are part of the engineering challenge of any memory device and could be included in the engineering of a 

3D NOR memory structure. Some of the alternative techniques in the following could be adapted for such memory engineering. 
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[000165] A body contact as discussed in respect to Fig. 42A-42E of PCT/US 16/52726 could be engineered either at the edge of a 

memory unit or multiple times along the ridge. The connection lines (4248 of PCT/US16/52726) could be called body-lines and could 

be connected to ground, or to a 'body control' which could be connected to a specific voltage control as part of the memory control 

circuit and logic. Such 'body control' could be set to a positive voltage to assist the memory erase step. In some embodiments, a 

positive body voltage erase may be accomplished with the ground voltage to the selected word lines, eliminating the need of a 

negative voltage for all operations, thus as a result the periphery area (memory control circuits) used for a negative voltage generator 

can be saved. In some applications it could be combined with higher doping in the center of the channel, for example, such as 

indicated in Fig. 1B as Si0 8SiGe0 2, to improve the body horizontal conductivity. 

[000166] An additional embodiment is to have within a selected ridge all of the unselected SID lines left floating (e.g. Fig. 13B), 

which may be connected together, for example, through a multiplexer in the periphery circuits. By connecting together all the SID 

lines left floating, they will form a much larger capacitive load thus significantly reducing the capacitive coupling to the two active 

SID lines. 

[000167] An additional embodiment, such as when using in FN or direct tunneling, is to sequence the writing sequence to reduce 

cross talk by first activating the selected Source and Drain (the two adjacent SID lines), then assert the selected word-line to turn on 

the vertical transistor of the selected bit cell. Then after the cross-talk ripple to adjacent SID lines has subsided, move the wordline 

bias high enough so that the writing process will be effective only in the selected memory cell, thus reducing the disturb effect. 

[000168] An additional embodiment is a 3D NOR structure alternative: to replace the full ridge shared body contact with a per layer 

body contact using a stair-case to allow selective access control for each body layer. Fig. 15F illustrates such structure in which the 

body between SID 1 and SID2 could be controlled by signal B 1, the body between SID2 and SID3 could be controlled by signal B2, 

and so forth. In such a 3D NOR structure, an alternative writing technique could be achieved by using one word-line such as WL 1 and 

one body layer of a selected ridge, such as B2, to select a specific cell 1540. Using FN tunneling or direct tunneling by having the 

voltage difference between B2 and WL 1, for example using a positive voltage for the selected WL and zero or a negative voltage for 

the selected channel 'body' line will pull charge into the related charge trapping region. All SID lines may be left floating. For the 

erasing operation using a positive body contact voltage, all SID lines could be left floating while the selected WL is grounded and the 

remainder of the WL's floating. Alternatively, the aforementioned configuration of sharing voltages between selected WL and Channel 

lines may benefit by requiring a smaller voltage range to perform program and erase operations. Such maybe accomplished by 

negative half of erasing voltage to the gate and positive half of erasing voltage to the body to create a full erase voltage across the gate 

and the body while all SID lines could be left floating. Furthermore, inhibit of non-selected cells is obtained naturally. Alternatively, to 

avoid the need of negative voltages and associated array size penalty, only positive voltages may be utilized. Progrannning operation 

using only positive word line voltages is accomplished by grounding the channel line and all other unselected channel lines are left 

floating. The unselected SID lines could be biased by half voltage of the progrannning word line voltage so that the voltage difference 

between the selected word line and unselected cells is low enough to avoid any undesired FN tunneling. Alternatively, for 

programming operations using a positive word line voltage, the unselected SID lines could be left floating or alternatively biased by 

half voltage of the programming word line voltage so that the voltage difference between the selected word line and unselected SID 

line is low enough to avoid any undesired FN tunneling from the SID lines. The selected body voltage to the selected channel B2 

should be selected per ridge to avoid writing in the non-selected ridge. An additional embodiment in respect to such form of writing is 

to steer the charges to be close to one of the SID lines such that at least two charge locations could be formed to increase the memory 

density. Such could be done for example by having SID3 at ground while all other SID lines are floating, preferably shorted together. 

The electric field between the negative body B2 and the grounded SID3 during program operation wherein also a positive voltage is 

applied on WL's could pull the electrons toward the SID3 side for writing on that side of the charge trap region and for the other side 

replace roles with SID2. Accordingly, the storage locations per facet could be made effective with such a writing technique. 

Additional variations could include a blend by combining FN type writing with some level of hot electron by proper voltage control of 

SID2 and SID3. An additional alternative for charge steering could include modulating the steering SID line by a wavelet function 

similar to what has been presented in at least U.S. application 15/333,138 with respect to at least Fig. 27 to Fig. 32. 
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[000169] Fig. 15G is an Y-Z cut view illustrating an optional alternative to a staircase for forming a per layer 'body' contact presented 

in respect to Fig. 15F herein with reference to B l-B7. It illustrates a pillar electrode 1558 to form a progranunable connection per 

layer through progranunable isolation 1556 such as a one-time progranunable antifuse, for example, formed with silicon oxide or 

other resistive switching material that could be electrically programmed to form a conductive connection from the pillar electrode 

1558 to the designated body such as body 1564. The side view illustrates SID lines that could be referred as SIDn+2 1552, SIDn+ 1 

1560, SIDn 1568 and SIDn-1 1570. The designated channels to form a progranunable connection to, are illustrated as 1562, 1564, 

1566 for which 1564 could be considered as the 'body' for channel 'n'. During the formation of the structure, the SID protective 

isolations 1550, 1554 could be processed in a similar way to the process used to form channel protection 1510. The structure 

illustrated in Fig. 15G could be designed to form enough vertical pillars 1558 to allow at least one pillar per body. Then the per layer 

contacts to the SID lines could be used to program the connection between the vertical pillar electrode 1558 to the designated body. 

Such progrannning could be formed by pulsing +Vpp to the vertical pillar 1558 and-Vpp/2 to SIDn and SIDn+ 1 resulting in forming 

progranunable link 1580 between the vertical pillar electrode 1558 and the Channel n body 1564. The adjacent SIDn-1 and SIDn+2 

could be pulled-up as additional protection. The vertical connection illustrated in Fig. 15G could also be made oriented in Y direction 

parallel to the connection structure for the SID lines as is illustrated in Fig. 12B. 

[000170] An additional alternative when the memory structure includes body access is to use the progrannning method known as 

Channel Initiated Secondary ELectrons injection ("CHISEL") which could allow lower writing voltages. For example, the Source line 

could be held at Vs=0v the Drain at Vd= 2 to 3v and the 'body; at Vb= -2 to -3v. Such programming techniques has been detailed in a 

paper by Mahapatra, Souvik, S. Shuknri, and Jeff Bude. "CHISEL flash EEPROM. I. Performance and scaling," IEEE Transactions 

on Electron Devices 49.7 (2002): 1296-1301; by Mahapatra, Souvik, S. Shuknri, and Jeff Bude. "CHISEL flashEEPROM. I. 

Performance and scaling," IEEE Transactions on Electron Devices 49.7 (2002): 1296-1301; by Driussi, Francesco, David Esseni, and 

Luca Selmi. "Performance, degradation monitors, and reliability of the CHISEL injection regime." IEEE Transactions on Device and 

Materials Reliability 4.3 (2004): 327-334; by Nair, Deleep R., et al. "Explanation of PIE cycling impact on drain disturb in flash 

EEPROMs under CHE and CHISEL programming operation." IEEE Transactions on Electron Devices 52.4 (2005): 534-540; and by 

Stefanutti, Walter, et al. "Monte Carlo simulation of substrate enhanced electron injection in split-gate memory cells." IEEE 

Transactions on Electron Devices 53 .1 (2006): 89-96, all of the forgoing are incorporated herein by reference. 

[000171] The memory structure herein was presented as a charge trap memory. When the target application could make tradeoffs 

between write speed and retention time, the charge trap layer may be tuned accordingly. As illustrated in IEEE ELECTRON DEVICE 

LETTERS, 16, 11, p. 491, 1995 by H. Clement Wann and Chenming Hu, "High-Endurance Ultra-Thin Tunnel Oxide in MONOS 

Device Structure for Dynamic Memory Application", while thinning down the bottom-oxide thickness improves program speed, 

retention time decreases significantly. An alternative approach may be considered wherein the bottom-oxide may be replaced with 

low-trapping nitride such as oxinitride as published in Masayuki Terai, Koji Watanabe, and Shinji Fujieda, "Effect of Nitrogen Profile 

and Fluorine Incorporation on Negative-Bias Temperature Instability of Ultrathin Plasma-Nitrided Si ON MOSFETs", IEEE 

TRANSACTIONS ON ELECTRON DEVICES, VOL. 54, NO. 7, WL Y 2007 or JVD nitride as published in IEEE ELECTRON 

DEVICE LETTERS, VOL. 21, NO. 11, pp. 540 2000, by Yee Chia Yeo, Qiang Lu, Wen Chin Lee, Tsu-Jae King, Chenming Hu, 

Xiewen Wang, Xin Guo, and T. P. Ma, "Direct Tunneling Gate Leakage Current in Transistors with Ultrathin Silicon Nitride Gate 

Dielectric". For a similar retention time, such a layer may provide better control of ONO formation as the required thickness is 

significantly larger, directly related to the ratio of dielectric constants, 7 /3. 9. Such an advantage may be realized with very a thin 

nitride layer of about 1 nm which may be production worthy compared ,-,{)_6 nm silicon-oxide which may not feasible to realize in a 

production environment. An additional advantage is a faster FN erase speed thanks to the significantly smaller offset in valence band 

with respect to the silicon. Such a method may therefore enable an erase operation and limit erase voltages to lower or similar values 

as the program voltage. Program speed may also be improved significantly thanks to the smaller band offset if a hot electron irtjection 

mechanism is utilized. Such a method may be Channel Hot Electron Injection (CHEI) or Channel Hot Irtjection Secondary Electrons 

(CHISEL) in doped np junctions or alternatively in Schottky Barrier or DSSB transistors hot electrons are generated next to the source 

wherein injection also takes place. Further improvement in program and erase speed or voltages may be brought about by thinning 
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down to about 2 nm the trapping nitride layer which may be formed either by LPCVD or ALD methods with a potentially significant 

program window of l-2V as referred in IEEE ELECTRON DEVICE LETTERS, VOL. 32, NO. 11, p.1501, 2011 by G. Van den 

bosch, G. S. Kar, P. Blomme, A. Arreghini, A. Cacciato, L. Breuil, A. De Keersgieter, V. Paraschiv, C. Vrancken, B. Douhard, 0. 

Richard, S. Van Aerde, I. Debusschere, and J. Van Houdt, "Highly Scaled Vertical Cylindrical SONOS Cell With Bilayer Polysilicon 

Channel for 3-D NAND Flash Memory". Other forms of such multilayers could be engineered to fit the specific design objective of 

retention vs. write time. 

[000172] An additional option is to use the low trapping nitride, such as oxynitride and Jet Vapor Nitride mentioned above, as a 

replacement to the high doping charge trapping nitride layer, thus realizing a layer which accommodates injected charges in the 

conduction band of the low trapping nitride. Such a method would be an alternative approach to the common industry standard of 

floating gate polysilicon. 

[000173] The memory structure herein was presented as a charge trap memory. Recently good progress has been made in respect to 

ferroelectric type memories, especially in respect to utilizing Hafnium Oxide and Zirconium Oxide based materials (HfO, ZrO, 

HfZrO, ZrSio, ... ). These memories are referenced as FRAM and could provide higher write and erase speeds compared to charge trap 

based memories. At the current time a development effort is being pursued by the industry to develop such FRAM technology to be 

commercially viable. The technologies in development for such FRAM include advanced ferroelectric deposition techniques such as 

ALD. Adapting FRAM to the 3D-NOR fabrics presented herein could be a good option. These could include also a mix, in which 

some of the regions are processed with O/N/O and some of the other regions with FRAM materials such as HfO2 and silicon doped 

HfO2 (Si:HfO2) or Zr doped HFO2 based materials. For example, the locations where the O/N/O layer used to be formed can be 

replaced with a stack of dielectric to function as a ferroelectric memory transistor. Alternatively, such locations may instead be formed 

with a stack of a charge trapping layer and a ferroelectric layer. Such a mix could be attractive for many systems as it provides 

multiple memory technologies, low power, and time for transferring data between these memory technologies as was discussed herein. 

Using FRAM within the 3D-NOR memory could include many of the variations referred herein in respect to charge trap memories. 

These could include multi-level cells in which multi-bits are coded in via different writing voltages or different write times. These 

could also include multi-bit locations similar to mirror bit and multi-gates steering of bit location such as discussed in respect to at 

least Fig. lOE of PCT/US16/52726 and Fig. 15A to Fig. 23 of US 15/333,138. Similar to charge trap, FRAM is an electric field based 

memory and is an isolative material, and accordingly could support these multi-bit coding techniques to support higher memory 

density. As such, the stored data states can be differentiated by either or both the degree and the location of polarization of the 

ferroelectric. The use and methods of constructing an FRAM memory is covered in many recent papers and their teaching could be 

applied to incorporate such ferroelectric dielectric for the 3D NOR. Such papers as by J. Muller et al. titled "Ferroelectric Hafnium 

Oxide Based Materials and Devices: Assessment of Current Status and Future Prospects" published in ECS Journal of Solid State 

Science and Technology, 4(5) N30-N3 5 (2015); by Patrick D. Lomenzo et al. titled "Annealing behavior offerroelectric Si-doped 

HfO2 thin films" published at Thin Solid Films 615 (2016) 139-144; by Uwe Schroeder et al. titled "Chapter 3, Nonvolatile Field­

Effect Transistors Using Ferroelectric Doped HfO2 Films" published by Springer Science & Business Media Dordrecht 2016, B.-E. 

Park et al. (eds.), Ferroelectric-Gate Field Effect Transistor Memories, Topics in Applied Physics; by U. Schroeder et al. titled 

"Impact of field cycling on HfO2 based non-volatile memory devices" presented at ESSDERC16; by Shinji Migita titled" Thickness­

Independent Behavior of Coercive Field in HfO2-based Ferroelectrics" presented at EDTM 2017; by Cheng, Chun-Hu, et al. titled 

"Low-leakage-current DRAM-like memory using a one-transistor ferroelectric MOSFET with a Hf-based gate dielectric" published in 

IEEE Electron Device Letters 3 5 .1 (2014): 13 8-140; and by Zhen Fan titled "Ferroelectric HfO2-based materials for next-generation 

ferroelectric memories" published at JOURNAL OF ADVANCED DIELECTRICS Vol. 6, No. 2 (2016); all of the forgoing are 

incorporated herein by reference. 

[00017 4] Some of the ferroelectric materials could act also as a charge trapping materials. These two could impair each other as 

discussed in a paper by Yurchuk, Ekaterina, et al. titled "Charge-Trapping Phenomena in HfO 2-Based FeFET-Type Nonvolatile 

Memories," published in IEEE Transactions on Electron Devices 63.9 (2016): 3501-3507; the forgoing is incorporated herein by 

reference. On the other hand the memory cell could be engineered to have these two enhancing each other, so the ferroelectric and 
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charge trap could be combined for enhanced memory functionality, such as presented by Yu-Chien Chiu et al. titled "Low Power 1 T 

DRAM/NVM Versatile Memory Featuring Steep Sub-60-mV/decade Operation, Fast 20-ns Speed, and Robust 85oC-Extrapolated 

1016 Endurance" presented at 2015 Symposium on VLSI Technology; Chiu, Yu-Chien, et al. "On the variability of threshold voltage 

window in gate-injection versatile memories with Sub-60mV/dec subthreshold swing and 1012-cycling endurance" Reliability Physics 

Symposium (IRPS), 2016 IEEE International, IEEE, 2016; and by Chia-Chi Fan et al. titled "Impact of Ferroelectric Domain 

Switching in Nonvolatile Charge-Trapping Memory" presented at EDTM 2017; and in U.S. patent application publication 

2016/0308070; all of the forgoing are incorporated herein by reference. Such enhancement is accomplished when the electric field 

generated by the charge trapping and the polarization of ferroelectric are oriented to enhance each other. 

[000175] Writing a ferroelectric memory cell techniques are provided, for example, in U.S. patent 6,667,244, incorporated herein by 

reference. The following ferroelectric writing example for the 3D-NOR structure could be also adapted to charge trap programming 

using FN by adapting voltage levels and to the above structure for which ferroelectric cells are designed to be enhanced by charge 

trapping. 

[000176] An example of writing conditions in the following assumes that the 4 V difference across the gate and the SID is engineered 

to be sufficient to polarize the ferroelectric while the voltage difference below half of it (2V) is not sufficient to disturb the states of 

the ferroelectric. 

[000177] Fig. 16A illustrates a schematic of a single cell written to the '0' logic state. Fig. 16B illustrates such single cell structure in 

a simplified cross section. 

[000178] Fig. 16C illustrates a schematic of a single cell written to the 'l' logic state. Fig. 16D illustrates such single cell structure in 

a simplified cross section. 

[000179] The specific voltages of these structures are for illustration only and are to be defined specifically for a specific memory 

cell as part of such memory cell engineering. In a case where the selected word-line (the gate) is shared with other cells in the array 

the unselected cell could have their bit-lines (Source-lines and Drain-lines - SID lines) at ground (zero volts - 0V) or in some 

alternatives floating. Likewise, in a case where the selected bit-line (the source and the drain- SID lines) is shared with other cells in 

the array, the unselected cell could have their word-lines (the gate) are at ground or in some alternative floating. 

[000180] Fig. 17 A-l 7D illustrates an alternative in which two bits are stored in one facet of the memory cell by directing the electric 

field only to the source side of the memory transistor, or alternatively (not illustrated) to the drain side. This could resemble the mirror 

-bit concept in charge trapping cells. This writing method could be adapted for the 3D NOR fabric. The channel could be floating in 

the cases outlined above. 

[000181] Fig. 18A illustrates a small section of a ridge of the 3D-NOR fabric. These writing schemes are driven by an electric field 

between the channel, driven from the SID lines, and the word-lines. Note that the symbol 'x' in the figures represents that no writing is 

to be effected at the related ferroelectric zone. For such writing techniques, the odd level cells are to be used while the even level 

memory cells could be ignored. This is since in this writing technique both sides of the active SID are affected in the regions close to 

the active word-line. Fig. 18A illustrates writing 'zero' to a memory cell. Fig. 18B illustrates writing 'one' to a half of a memory cell. 

Fig. l 8C illustrates writing 'one' to a group of memory cells sharing the same bit-lines (SID lines). Fig. 18D illustrates writing 'zero' 

to a group of memory cells having common word-line (gate line). These write modes illustrations are indicative of the options 

available for writing of a ferroelectric memory option within 3D NOR structure. These could be combined with multilevel 

programming techniques to increase storage capacity. Such multilevel storage is presented in a paper by Mulaosmanovic, Halid, et al. 

titled "Switching kinetics in nanoscale hafnium oxide based ferroelectric field effect transistors," published at ACS Applied Materials 

& Interfaces (2017), incorporated herein by reference. 

[000182] These could also include multi-bit locations similar to mirror bit and multi-gates steering of bit location such as is discussed 

in respect to at least Fig. lOE of PCT/US16/52726 and Fig. 15A to Fig. 23 of US 15/333,138 for further increases of memory capacity. 

The multi storage locations writing, is similar to that of charge trap: the side gates could be used to modify the electric field directing 

the effect of the major gate to the selected location of the related facet. Also the techniques presented for transferring memory, from 

and to high speed cells, and high density cells, could be used in respect to ferroelectric based memory cells. 
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[000183] In hot-electron writing techniques the side gate steering is targeting the channel region in which the hot electrons are being 

formed along the channel width direction perpendicular to the source-drain direction. In FN and even more so for FN in which the 

gate is the source of the charge, or in ferroelectric writing techniques, the steering could also be directed to the electric field formed in 

the O/N/O and/or the ferroelectric regions. Accordingly it would be enough if the side gates are positioned to affect the electric field 

between the primary gate and the semiconductor region. 

[000184] Fig. 18E and Fig. 18F are example illustrations how this effect might be arranged and performed. Fig. 18E is an X-Z cut­

view of a small ridge region of a 3D NOR. It shows a section of two 1'1 gates 1821, 1823 and two 2nd gates 1822, 1824. It also shows 

two SID regions 1801, 1803 and the channel 1802 in between them. Fig. 18F is an X-Y cut-view at the active region of the ridge 

'marked plane' 1805 of Fig. 18E. It shows the side view of the channel 1802 marked channel 1832, the respective gates 1821, 1822, 

1823 and the O/N/O or ferroelectric or combination 1834. It also illustrates two memory sites that could be formed by these steering 

techniques. By assigning the role of main gate to 1822 and pulling the electric field by side gate 1823 and pushing the electric field by 

side gate 1821 the write location could be made to 1828. And, for example, by pulling the electric field by side gate 1821 and pushing 

the electric field by side gate 1823, the write location could be made to be 1826. To avoid disturb to the memory related to the side 

gate, the side gate voltage could be set to be below the level that could disturb the side memory. The specific voltages could be set for 

a specific memory structure and all numbers presented in here are for illustration only. 

[000185] The writing techniques presented with respect to Fig. l 5F, could also be used for ferroelectric based memory and the 

presented charge-trap/ferroelectric structures presented herein. In such case at least one of the channel facets storage layer (O/N/O) 

could incorporate ferroelectric material such as HfO2 as presented herein before. The writing techniques presented in respect to Fig. 

18A-18D could be adapted accordingly, so that the writing and erasing electric field is formed between the selected word-line and the 

selected 'body' while the SID lines are left floating, or used for electric field steering as has been described herein. 

[000186] An embodiment of the invention is to use such memory structures or a portion of such for Synapse-like functions. Such use 

of memory has been suggested in the art for RRAM and PCM cross bar but could be applied to charge trap or other memory types 

presented herein. Published work for RRAM and PCM cross bar has been by Chen, C-YM et al. titled "A solid-state electronic linear 

adaptive neuron with electrically alterable synapses" published at Neural Networks, 1991, 1991 IEEE International Joint Conference 

on. IEEE, 1991; by Lee, Myoung-Sun, et al. titled "Implementation of Short-Term Plasticity and Long-Term Potentiation in a Synapse 

Using Si-Based Type of Charge-Trap Memory" published at IEEE Transactions on Electron Devices 62.2 (2015): 569-573; and by 

Kornijcuk, Vladimir, et al. titled "Leaky integrate-and-fire neuron circuit based on floating-gate integrator" published at Frontiers in 

neuroscience 10 (2016); all of the forgoing are incorporated herein by reference. 

[000187] In many of the memory structure herein the writing technique could include a reduced gate voltage in conjunction with use 

of negative voltages on the SID to reduce the overall power requirements of the device. Such technique could also take advantage of 

the heterogeneous integration of memory control circuit layer(s) disposed over a memory matrix. 

[000188] An additional inventive embodiment is an alternative for a 3D device-system; such a system as is illustrated in Fig. l lE. It is 

to construct the system as array(s) of memory units, such as illustrated in Fig. 12B, and with a corresponding processor cores on top of 

it or underneath. For many compute tasks the program code loaded on a processor core could be set according to the content loaded in 

its corresponding memory unit on top or under it. Thus processing of data could be accomplished with a short distance data transfer of 

less than about 1 mm or less than about 100 microns or even less than about 20 microns, as opposed to PCB (Printed Circuit Board) 

based computers in which the data from the memory being fed though over 20 mm wires using the PCB. The memory unit and the 

processor core could be rectangular in shape with an area of less than about 4 mm2
, or less than about 1 mm2

. Alternatively, the data 

transfer into the 3D device-system could be set such that data is placed in correspondence with the designated processor to process it. 

An additional alternative is the use programmable logic as part of the processing logic. With the use of programmable logic, or FPGA, 

the logic configuration could be adapted to the data stored in the corresponding 3D memory to further enhance processing efficiency 

while reducing data movement power and delay. Fig.19A illustrates an X-Z cut view of a 3D system in which a first strata of memory 

units 1902, 1904, 1906, 1908, is overlaid by a second strata of memory units 1912, 1914, 1916, 1918, is overlaid by a third strata of 

memory control circuits 1922,1924,1926,1928, and is overlaid by fourth strata of processor core units 1932, 1934, 1936, 1938. In 

Micron Ex. 1002, p. 653 
Micron v. YMTC 
IPR2024-00910



WO 2018/071143 PCT/0S2017/052359 
28 

some embodiments, the first strata of memory units may be high density non-volatile memory such as Flash memory or RRAM. In 

some embodiments, the second strata of memory unit may be high-speed memory such as DRAM or static memory such as SRAM. 

For example, such computer system could be tasked to search for a person which meets a specific criterion. Accordingly the fourth 

strata cores could be set with the search in parallel in which core 1932 is access using memory control 1922 for that person in the data 

base being hold at memory cores 1912 and 1902. In another case only one core at a time will perform the search while the other cores 

perform other tasks, yet the search is perform by a core 1932 in the data bank in 1912, 1902, and then the search task is assigned to 

core 1934 which will run it for the data in 1914, 1904 and so forth. 

[000189] An additional advantage in such a 3D memory system relates to the potential defects in semiconductor manufacturing. For 

example, the structure illustrated in Fig. 19 A could be processed at full reticle level with the expectation that some of the cores or the 

memory units could be defective and would not be activated on the end product, which could be designed to function with only 80% 

of the units functional. As such, the third strata of memory control circuits may have an on-chip testing function (not shown) in order 

to assess the functionality of the memory layers underneath and allocate those memory blocks into the enabled and the disabled 

blocks, and update the data routing path(s) accordingly. An important advantage of this 3D structure is the ability to effectively 

support a very fine grain of unit based construction. Such units could be designed and engineered to be sized to less than about 1 mm2 

or less than about 0.2 mm2 or even less than about 0.05 mm2
. While the 3D system size could be larger than 100 mm2 or larger than 

600 mm2
, or larger than 2,000 mm2 or even larger than 10,000 mm2

. 

[000190] Moreover, a mix ofredundancy techniques could be used. As such the multi-core multi-unit 3D system of Fig. 19 could 

have a system control function 1940 which controls the overall 3D system and could be constructed with two strata: one strata 

provides redundancy to the other at the logic cone level as been presented in U.S. 8,994,404, incorporated herein by reference, in 

respect to at least Figs. 24A-44B. 

[000191] The system control function 1940 could include input output channels to other systems, or to a communication channel such 

as the internet or to wireless systems such as G4, G5. This could include such as fiber optic channel, free space optical channel, 

wireless channel and other forms of communication channels. The Monolithic 3D technology presented herein enables heterogenous 

integration to enable those forms of communication. 

[000192] The 3D architecture also could be useful to enable common manufacturing of a modular system that could be customized to 

specific needs by techniques presented herein, such as the use of each of a continuous structure as presented U.S. 8,994,404 as related 

to at least Figs. l 1A-12E, Figs. 14-17, and Figs. 22A-23D. Fig. 19B illustrates such customization. The upper portion 1952 is a 

magnification of section of a structure such as is illustrated in Fig. 19A, and it overlay a substrate 1954. The generic wafer could be 

then customized by dicing it to the desired end chip size. The dicing 1956 could be done by many of the known techniques including 

conventional dicing saw, or plasma etching also called plasma dicing or laser assisted dicing. The dicing could be done at designated 

potential dice lines 1958. These potential dice lines could include various restrictions (for example, design rule restrictions) and 

support for potential future dicing including gnard rings and avoiding active regions or metal lines through them. Alternatively, the 

dicing could be done by advanced dicing techniques such as laser assisted or plasma assisted dicing. And could be supported by 

additional techniques to seal and provide side wall protection to support good functionality and reliability of the end device. 

[000193] An additional inventive embodiment is an additional aspect of a 3D computer system, such as is related to Fig. 19A, where 

there is the need to integrate multiple memory stratums to achieve a larger memory bank. In one alternative, multiple stratums could 

be integrated via 3D integration with minimum per strata processing, and then a memory control stratum could be added to control 

each and every memory cell in the strata underneath. These memories could be structured for such integrations. These memories could 

be volatile memory such as DRAM, Non Volatile memory such as 3D NOR, or 3D NAND or even a mix of such. In the following 

description of such integration, it is assumed that the memory are constructed in a same size memory unit array and each such unit is 

controlled by the same pitch of memory control lines so when one memory wafer is bonded on top of another memory wafer these 

memory units and their control lines (wordlines and bitlines) are precisely overlaid to each other, This overlaying is subject to the 

wafer to wafer or die to wafer misalignment precision of the bonding equipment. The integration technique leverages copper to 

copper, hybrid or 'fusion' bonding in which the bonding process also functions as an electrical connection process between these 
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wafer/strata. Such precise bonding is presented in a paper by Kurz, Florian, et al. "High Precision Low Temperature Direct Wafer 

Bonding Technology for Wafer-Level 3D ICs Manufacturing." ECS Transactions 75.9 (2016): 345-353, incorporated herein by 

reference. Utilizing precise bonder and thin layer transfer to construct 3D generic memory structure and integrating it with a logic 

wafer to form high performance 3D compute system is presented in a paper by Zvi Or-Bach titled "A l,000x Improvement in 

Computer Systems by Bridging the Processor Memory Gap" IEEE-S3 S 2017, incorporated herein by reference. Fig. 20A- 20F 

illustrates preparation of a wafer for such connectivity using wafer bonding, including construction of the TL V to allow multiple 

stratum integration, leveraging the 3D layer transfer techniques presented herein or other thin layer transfer techniques. 

[000194] Fig. 20A illustrates a Y-Z 2000 cut view of section of a wafer, a base wafer 2002 including a SiGe "cut layer" 2001 and 

memory circuits 2003. 

[000195] Fig. 20B illustrates the structure of Fig. 20A after etching hole region 2004 substantially all the way to expose the cut layer 

2001. 

[000196] Fig. 20C illustrates the structure of Fig. 20B after forming top metal landing pad 2006. The isolation layer to protect the 

silicon sidewall of the memory circuit 2003 (not drawn). This top landing pad 2006 may be drawn larger in the X and the Y direction 

than the pitch of a TL V as determined by the bonding process, in order to accommodate the wafer bonding aligrnnent tolerance of the 

TLV. Top landing pad 2006 may be in-plane with the silicon layer of the memory circuit 2003. 

[000197] Fig. 20D illustrates the structure of Fig. 20C after covering the structure with isolation layer 2008. 

[000198] Fig. 20E illustrates the structure of Fig. 20D after adding interconnection layer 2010 including at least one via 2014 to the 

landing pad 2006. This could be a memory control line. The interconnection layer 2010 may be wordline, bitline and/or sourceline of 

the memory circuit 2003. 

[000199] Fig. 20F illustrates the structure after adding the bottom connection pad 2012 connected to the interconnection layer 2010. 

[000200] Such prepared stratum may be bonded onto another target wafer and once the cut is performed the target strata is ready to 

have additional stratum bonded and connected onto it. 

[000201] Fig. 20G illustrates an alternative to adapted such technique to die level operation as was presented in reference to Fig. 4H 

herein. As an example, a multilayer such as is illustrated in Fig. 4H could be used. For such the bottom layer 2042 could be silicon, 

and SiGe layer 2044 on top of the silicon layer 2042, and top silicon device layer 2046. Then using a similar flow to the one in 

reference to Fig. 20A-20F herein, bottom pads 2022 and top pads 2044 could be formed. Thus the multilayered structure 2040 could 

be 'cut' and diced out and bonded at a die level onto another target wafer (not drawn), then a selective etch from the top could be used 

to first remove the silicon layer 2042 and then thin the die all the way to the device layer, for example, by selectively etching the Si Ge 

layer 2044. These support layers 2042 and 2044 could have a thickness of about 1 micron, 1-3 microns, 3-6 microns or even higher. 

The device layer 2046 itself could include sub-layers such as n+ and p- to support the back-bias scheme as discussed before herein and 

in incorporated references. By having the inter-stratum connectivity structure 2022, 2024 pre-built, the stacking process could provide 

both mechanical bonding and through silicon connectivity - hybrid bonding - thus simplifying the 3D system formation which could 

includes wafer level stacking and die level stacking yet having thin stratum in the stack. These stratum could be at a thickness of about 

10, 20, 40, 100, 200, 400 nm or about one or a few microns. 

[000202] Fig. 21A- 21C illustrates a small region of a memory control line X-Y 2100 top view. In this integration technique, a layer 

selected (not shown) could be used to allow multiple stratum control lines to be connected in parallel yet by enabling the layer select 

only the selected stratum could be accessed. 

[000203] Fig. 21A illustrates top metal landing pads 2102 for control lines 2104 such as bit line, word line, or source line that are 

sized to the maximum bonding misalignment margin 2101 to guarantee that the bottom connection pad 2108 of the following stratum 

to be bonded will land on the top landing pad of the prior stratum. In some of the advanced wafer bonders the bonding misaligument is 

less than 100 nm (three sigma). 

[000204] Fig. 21B illustrates the structure with the added control lines 2104 and their connection 2106 to the top landing pads. In 

many cases, the control lines pitch is denser than the expected worst-case misaligument and accordingly the landing pads are placed 

on multiple rows as illustrated. These control lines could be the bit-lines or the word-lines. The connectivity structure of Fig. 2 lA-21 C 
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assumes a control lines pitch of about 80 nm. Using an advanced lithography process, control lines pitch could be further pushed to 

even below 30 nm. The connectivity approach illustrated in Fig. 2 lA-21 C could be adjusted accordingly. 

[000205] Fig. 21 C illustrates the structure after adding the bottom connection pads 2108. The use of the term bottom and top 

connecting pads is just for the ease of explanation and being part of layer transfer process top and bottom could be flipped. 

[000206] Fig. 21D illustrates the X-Z cut-view or the Y-Z cut-view 2120 of the top landing pad during the wafer processing. Having a 

carrier substrate 2110, the area designated for intra stratum connectivity could be first processed to etch the silicon 2118 all the way to 

expose the SiGe layer 2111 using selective etch with the Si Ge as an etch stop. Silicon 2118 may include a bottom layer silicon layer 

2122 (dark black line) which later after flip bonding and 'cut' could become the top layer. The etch process could be wet or dry as the 

region being etched is relatively large, for example, of about 1 micron by 200 microns, or about 0.5 microns by 300 microns. Then the 

region could be filled with an electrically isolative material, for example, such as oxide 2113. Then the top landing pads may be 

patterned and then filled in with a conductive material, for example, such as copper, forming top landing pads 2112. The size of these 

pads 2112 could be large enough to assure the desired electrical and physical contact after the following wafer bonding step. For 

example, such as about 100 nm by 100 nm, or about 200 nm by 200 nm, or about 220 nm by 220 nm, or about 180 nm by 180 nm, or 

about 250 nm by 250 nm, or about 180 nm by 220 nm depending on production, design and other engineering considerations, 

especially the wafer bonder alignment capability. Then vias 2116 to these landing pads 2112 may be formed and additional isolation 

2113 could be added if needed. These vertical connectivity elements pads 2112 and vias 2116 could be called Through Layer Via 

(TLV) or nano-TSV. The processing of these nano-TSVs could take place after the wafer has completed the high temperature process, 

often called Front End of the line ('FEOL"), which includes forming all the transistors, their isolation, and contacts in the active 

silicon 2118. The metal pattern could include a 'bonder alignment marks' 2119 to support the following face-to-face precise 

alignment. These 'bonder alignment marks' could be placed at the die level or even at the reticle level as they are part of the full wafer 

alignment process. 

[000207] Fig. 2 lE illustrates the structure after completing the interconnect layers - the Back-End of The Line ("BEOL"). The 

memory array interconnect 2130, the nano-TSV which includes the future bottom pads 2138, the landing pads 2132, and the vias 2136 

connecting them, and the bit-lines or the word-lines 2134. An oxide 2131 could be added to cover the array interconnect 2130. The 

process could be designed so the top surfaces of the future bottom pads 213 8 are exposed to support the future metal to metal or 

hybrid bonding. Such preparation could include a slight height adjustment to ensure connectivity between the stack stratum. 

[000208] Fig. 21F illustrates the resulting structure after having the structure of Fig. 21E, first structure 2144, flipped and bonded 

(metal to metal or hybrid bonding) to a second structure, base structure 2142 (may be similar to first structure 2144). The base 

structure 2142 may not need full nano-TSV or Si Ge layer, for example, if it is supposed to be the uppermost stratum of the 3D chip; 

however, having a unified memory wafer could be preferred and having the ability to connect controls from both sides could be 

desired. 

[000209] Fig. 21G illustrates the structure after removal of the base silicon 2146 of the top wafer first structure 2144. This could be 

done with a conventional grind followed by etch leveraging the SiGe layer 2148 as an etch stop. 

[000210] Fig. 21H illustrates the structure after removal of the SiGe cut-layer 2148, using selective etch to etch mostly SiGe and not 

silicon. The exposed silicon layer 2122 could be oxidized to support subsequent hybrid bonding of additional structures, for example, 

such as first structure 2144 on top to form a three stratum stack or as many as needed. Alternatively, the hybrid bonding could be 

made of silicon to oxide and metal to metal. A few processes could be used to convert the now top layer silicon 2122 to oxide. Such as 

simple etch and deposition with potential CMP step to expose the pads, or to oxidize the top silicon surface 2122 using low 

temperature techniques such as presented in a paper by H. Kakiuchi et al titled "Formation of silicon dioxide layers at low 

temperatures (150-400 °C) by atmospheric pressure plasma oxidation of silicon" published at Science and Technology of Advanced 

Materials 8 (2007) 137-141; and by Masaki Hirayama et al titled "Low-Temperature Growth of High-Integrity Silicon Oxide Films 

by Oxygen Radical Generated in High-Density Krypton Plasma" published at IEDM 99. Alternatively the boding could be made 

between the top silicon 2122 and oxide 2131 of the added stratum such as presented in a paper by R. Do Black et al titled "Silicon and 
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silicon dioxide thermal bonding for silicon-on-insulator applications" published at J. Appl. Phys. 63 (81, 15 April 1988, all of which 

are incorporated herein by reference. 

[000211] The process for removing the base silicon 2146 and the SiGe cut-layer 2148 could include use of grinding and selective etch 

as previously discussed. First selectively etch silicon using the SiGe layer 2148 for an etch stop, and then etching selectively the SiGe 

using the silicon 2122 and the pads 2132 as an etch stop. Alternatively the SiGe layer 2148 could be pre etched or mostly etched 

similar to the process in reference to Fig. 2H to Fig. 3D and Fig. 4E to Fig. 4H herein. The 3D integration between memory control 

circuits and the bitline/wordline of the memory array could utilize the concept illustrated in Fig. 2 lA-21 C, as an alternative to the 

'smart-alignment' technique such as in reference to Fig. l lF-1 lH, or the progranunable technique of Fig. 111-1 lK. 

[000212] Fig. 22A-22B are X-Z 2200 cut view of the stratum select connectivity. It supports a generic stratum design which could be 

integrated in any stack numbers of 3D integration and allow a top select of each stratum. 

[000213] Fig. 22A illustrates one stratum section which is designed to support up to four stratum integrations (for example) with top 

access to select each of the stratum in the stack by the top access - SLl, SL2, SL3, SL4. 

[000214] Fig. 22B illustrates a stack of four stratum 2211, 2212, 2213, 2214 which are stacked so that SLl could be used to select 

stratum 2211 and so forth to SL4 to select the top stratum 2214. 

[000215] Fig. 22C illustrates a conventional DRAM block diagram. In the 3D computer system presented in herein the memory array 

could be in one strata while the control circuits, for example, such as Row Decoder, Sense Amps, Colunm Decoder, and Data In/Out 

Buffers, are placed on upper most overlaying (or lower most underlying) strata. Such memory multiple array stratums could be 

combined by techniques such as has been described herein to form a larger memory 3D array. For example, the per layer select to be 

added per unit array as is illustrated in Fig. 22D for the bitlines and as is illustrated in Fig. 22E for the wordlines. At the edge of the 

unit array the per layerbitlines -L-BLj could be selected by the control line SLi by activating select transistor 2222, which its output 

G-BLj is one of the control line 2104 illustrated in Fig. 21B to connected together as General Bit Line-j, as presented in respect to Fig. 

21A-21C herein. Herein the symbol i indicates the number of the layers in the stack, and the symbolj te the count of the control lines. 

Similarly, at the other edge of the unit array the per layer wordlines -L-WLj could be selected by the control line SLi and its inversion 

NSLi by select transistor 2224, which its output G-WLj is one of the control lines 2104 illustrated in Fig. 2 lB to connected together as 

General Word Line-j, with additional transistor 2225 to deactivate the unselected wordlines (as gate signal is preferred not to be left 

floating). 

[000216] As an additional embodiment, the per layer select circuits could be made to either the bit lines (Fig. 22D) or the wordlines 

(Fig. 22E) and the select for the wordlines could be made with primarily N type transistors for which both the SLi and the NSLj 

signals could be routed from the control stratum. Fig. 22F illustrates a section of such partition to array of units illustrating a section of 

3x3 units 2231-2239 along X-Y direction 2230. Each unit may be an array of bit-cells having wordlines 2242 traveling in the X 

direction and bit-lines 2243 traveling in the Y direction. The memory unit array (2231-2239) size could be about 200 microns x 200 

microns while the gap between units could be about one micron to allow for the vertical connecting pads 2246 of Fig. 2 lA-21 C, for 

the layer select 2244, 2268 of Fig. 22E for the wordlines and of Fig. 22D for the bitlines. In the comers between units the 'layer-

select' vertical connection structure 224 7 of Fig. 22A could be placed. It should be noted that Fig. 22F like many other fignres herein 

is not to scale and the unit size (~200 micron x 200 micron) are not drawn in proportion to the size of gap(~ 1 micron) between units, 

and so on. 

[000217] An additional embodiment is to have two layers select circuits for each control line as is illustrated in Fig. 23A. One select 

sector 2314 controlling the bitlines or the wordlines 2312 coming out from memory array unit 'n' 2304 before the connections pads 

2316, and one select sector 2318 after it, in between the adjacent memory array unit n+ 1 2306. The select signals pads 2317 coming 

from the memory control circuits could include two signals SLn and SLn+ 1. This way the vertical memory control lines from the 

memory control circuits connected to the horizontal memory control lines (Word-line or Bit-lines) via pad structure 2316 could drive 

each of the adjacent memory array units 2304, 2306. This connectivity structure enables many use options, for example, including 

redundancy used to overcome defects, or multiple memory access options from single units to multiple units. A 3D computer system 

could leverage this flexible connectivity to blend between high speed local access with multiple processor cores, each accessing a 
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local memory in parallel operation, combined with global memory access in which multiple units are functioning as a larger memory 

array. The hybrid bonding of stratum in the 3D stack allows connecting not just the active signals but also support signals such as 

ground, power and feed-through 2308 as needed for such stratum within the stack and below and on top of it. The space between the 

memory units 2311 could be designed to accommodate the landing pads 2316 and the layer select transistor 2314, 2318. 

[000218] Fig. 23B illustrates a block diagram for the generation of per layer select signal SLi. For example, a case in which 8 stratum 

of memory array are needed, the lower address bits A0-A2 could be decoded 2324 to eight layer select - SL' 0-SL' 7 In such a 3D system 

it could be desired to use one extra 9th stratum in which one stratum is used as redundancy to replace a defective stratum. The 

operation could include first a testing cycle to check if any memory cell in a unit had a defect for which the redundancy could be used. 

In general, the big memory may be segmented to many small units such as multiple thousands of units each about 200 micron by 200 

micron. The likelihood of two defects in two overlaying units is extremely low so repair at the unit level could enable extremely high 

system yield. For memory unit by redundancy unit replacement, the redundancy stratum may be segmented into multiple units 

according to the unit size of the memory stratum. For such the 8 signals SL' 0-SL ' 7 could be input to the repair control unit 2326. The 

repair control unit will allocate the 8 layer select to the 8 good stratum out of potential 9-th stratum leaving one stratum always 

unselected, by generating the proper 9-th layer select signal SL0-SL8 Fig. 23B illustrates an optional a sub unit repair control by 

having some additional address lines A10-Au control signals to the repair control unit 2326, so to allow different distribution of the 

layer select lines to the 9-th potential stratum to each quarter of the memory array. The repair control unit 2326 could be constructed to 

be programmable so after testing the arrays it could be programmed to avoid use of a defective sub array or array region. Using the 

enhanced access scheme of Fig. 23A, memory stratum of adjacent unit(s) could be used as a replacement of defective unit within a 

stratum if needed, thereby giving a larger range of recovery options. 

[000219] Persons in the memory art could adapt these techniques in many variations to engineer 3D Computer system with the 

desired memory size with consideration to process yield. Such could include, having first the logic stratum then the memory control 

and then overlaying the memory stack, or having the memory stack first as illustrated in Fig. l lE. The 3D memory array 1131 could 

be a monolithic memory array or stacked memories array such as been presented in respect to Fig. 20A- Fig. 23, or both above and 

below. In such a 3D computer system it could be desired to include a thermal isolation layer such as layer 1157 of Fig. l lE to isolate 

the relatively high operating temperature of the logic layer from the memory structure. Redundancy techniques could be also used for 

the memory control circuits and the processing logic. The redundancy technology utilized could include techniques presented herein 

or in the incorporated by reference art, leveraging the unit modularity aspect of the 3D computer system and the 3D integration in 

which the repair could be provided in a very close proximity overlaying the replaced part and preserving the full system functionality. 

[000220] In the 3D Memory stack presented herein, the unit partition could be symmetrical in which the length of the wordlines 

within a unit is similar to the length of the bitlines, or the unit partition could be very asymmetrical. These control line length and 

accordingly the size of the respective unit size inX direction or in Y direction could be about 50, 100, 200, 400 micron or even one or 

few millimeters. The number of connections associated with these control lines is order of magnitudes larger than the number of 

vertical connections associated with the access control, the per layer select (SLi). In some applications the control could be broken into 

a few banks, each with its own select line allowing more control flexibility to individual memory banks within the unit. Such could 

allow better granularity for redundancy use or parallel access to the unit memory array. These banks could be allocated horizontally 

(X, Y) or vertically (Z). Such could also be used for parallel access from logic overlaying and or logic underlying the array. Such 

could also allow for sections of the memory array to be mapped for global access across multiple units. Such variation and the support 

control logic to support them are known in the art and could be designed by an artisan in computer architecture and memory controls. 

[000221] Fig. 24A illustrates an alternative 3D computer system utilizing the technologies presented herein. The base 2410 is a carrier 

substrate which is also provides cooling to the main multi cores computing stratum 2424, through a first thermal isolation layer 2426 

the computer stratum is connected to the multi-unit memory control stratum 2428, which controls the multi-unit memory array strata 

2430. Overlaying the memory strata is a second memory control stratum 2432 which provides second access to the same memory 

strata 2430. Through a second thermal isolation layer 2434 a second computing stratum 2436 could be connected to the second 

memory control stratum 2432. The second computing stratum 2436 could communicate with external devices utilizing a 
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communication stratum 2438. The communication stratum 2438 could utilize wired, wireless, optical or other communication 

channels to communicate with external devices. An upper heat removal apparatus could overlay the communication stratum 2438. 

[000222] An additional alternative is to integrate in such 3D computing structure active cooling. Such active cooling work was 

recently supported by DARPA and the report on these techniques is presented in a paper by Chainer, Timothy J., et al. "Improving 

Data Center Energy Efficiency With Advanced Thermal Management." IEEE Transactions on Components, Packaging and 

Manufacturing Technology (2017), incorporated herein by reference. Such active cooling could be incorporated in addition or as 

replacement of the thermal isolations 2426, 2434. Fig. 24C illustrated a 3D structure with active thermal cooling supporting feed 

through of electrical interconnects 2472 and thermal vias 2474. 

[000223] Herein the term layer transfer or layer cut could be applied to use of Si Ge as a cut layer either as sacrificial layer with far 

different etch rate vs. silicon as presented such as in reference to Fig. 2A-Fig. 3D, or as an etch stop layer for back grinding and silicon 

etch scheme. Either one of these techniques could be used for the 3D system presented herein. 

[000224] Additionally, alternative structures to SiGe could be used for the formation of the 'cut layer'. In some embodiments, the 'cut 

layer' may also function as an etch stop layer or sacrificial layer which could be selectively removed. Such alternatives have been 

detailed in PCT/US patent application 16/52726 and U.S. application 15/3 33,138, incorporated herein by reference. For example, one 

may use a highly doped layer of N+ or P+ or porous layers. A unique advantage of a doped layer used as 'cut layer' is the ability to 

make it at the processing fab as part of the conventional process flow via conventional processes such as ion implantation or in-situ 

doped epitaxial growth. Another aspect is the ease to make the 'cut layer' selectively using patterning which opens up more options; 

for example, instead of a full layer or to allow change in the layer thickness in different location across the wafer. The use of a doped 

layer as a 'cut layer' could be combined with other functions, such as a back bias connection for transistors or other devices. The 

choice of 'cut' between undercut and lift off or grind and etch back could be in consideration of the type of etch and its selectivity in 

respect to choice of the 'cut layer' structure. 

[000225] Many other variations of 3D system could be constructed utilizing techniques presented herein or in incorporated by 

references. In some applications, the peripherals circuit could be placed on more than one stratum. This could be used for memory 

partitioning to small units such that the area of a unit is too small to fit all the require memory control on a single stratum. For 

example, the upper most stratum may be control logic to control about the upper half of memory stratums while the lower most 

stratum may be control logic to control about the lower half of the memory stratums. 

[000226] Another approach that could leverage such monolithic 3D technology is multiple port access to the memory array. This 

could also include non-symmetrical multiport access, such as one access port could access single unit, while another access port could 

access multiple units. This multiport non-symmetrical access could be achieved by controlling the access to the segments of word­

lines and/orbit-lines. The access from the top and the access from the bottom could be independent, yet synchronized. In such, for 

example, the wordlines and bitlines could be accessed by per unit memory control from the top control stratum, while the bottom 

control stratum provides access to the same wordlines and bitlines with multiple units control, providing one memory port access per 

unit from the top, while the bottom control stratum could provide access to a block of memory that could include multiple units. 

[000227] The 3D memory architectures herein constructed with arrays of memory units each comprising memory strata in which 

every stratum has at least one select controlled from the overlaying and/or underlying memory control stratum, and the multiple 

options opened up by such architecture including yield repair, local and global access, is applicable to many memory technologies, 

including volatile and non-volatile. These architectures benefits are applicable to many of the 3D integration techniques presented 

herein including epitaxial based with shared lithography and layer stacking with grind and etch-back. A technologist in the art of 

memory systems could engineer a specific system leveraging the techniques presented herein. 

[000228] Fig. 24B illustrates a generic 3D memory structure "G3DM" which could be constructed according to the techniques 

presented herein. Such a 3D memory could include a controller to manage the memory including self test and advanced refresh 

techniques. The 3D memory could include at least one or two stratum of memory control circuits, first memory control stratum 2448 

and second memory control stratum 2452 and the 3D memory stack 2450. The 3D memory stack 2450 structure could be constructed 

and may include an array of memory units each with its own memory control structure as a tile of the 3D structure, it could also 
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include 3D memory array structures such as 3D NOR or 3D NOR-P disclosed herein or elsewhere. It could be provided as a wafer 

ready to have additional customer specific circuits, for example, such as control and encryption, which could be similar to those 

presented in Fig. 24A 2436, 2438. And it could be constructed on top of a 'cut-layer' so it could be cut over other structures. These 

additional integration steps could be done at a die level after dicing, or at a wafer level to be diced afterwards. Dicing afterward could 

be performed by: conventional saw dicing, laser assisted dicing, or etch assisted dicing. The structure could be useful to support more 

than one device size as previously presented forming a continuous structure which could be tiled to specific device size(s) near the 

final phase of the processing, thus allowing stocking of generic wafers, etc. The external surfaces such as 2454 could include the pads 

for the additional custom circuits to interface with. Alternatively, such external surfaces with the pads may be used for subsequent 

conventional chip packaging. The decoding circuits could be part of the generic 3D memory structure "G3DM" such as part of the 

memory control circuit 2448 or 2452, and accordingly the number of wires per such memory unit (about 200µ x 200µ) connectivity 

with the customer specific circuits could be at the range of 30-100. Such connectivity could be readily achieved with today's face to 

face bonding capabilities. The G3DM could incorporate self test to invoke redundancy memory stratum per unit at product release and 

also during normal operation to extend operations with self-repair capabilities. The G3DM could also includes wireless test and report 

capabilities as discussed such as in U.S. patent 9,142,553 in reference to at least Fig. 24A-C and Fig. 48-Fig. 50. The system level 

memory structure herein could be used for many types of memory technologies and products. A very common memory technology is 

DRAM for which additional enhancements could be integrated in such high granularity memory structures. DRAM is known to 

require refresh with the common refresh cycle of about every 60ms. The refresh rate is known to be driven by the worst case of 

relatively few memory cells that exhibit high leakage. Recent works have suggested adaptive refresh to reduce the refresh energy by 

adapting the refresh to those sections that require higher refresh rate while reducing the refresh rate for most of the device's cells. 

Such as presented in papers by Ahn, Jin-Hong, et al. titled "Adaptive self refresh scheme for battery operated high-density mobile 

DRAM applications," published in Solid-State Circuits Conference, 2006. ASSCC 2006. IEEE Asian. IEEE, 2006; and by Muknndan, 

Janani, et al. titled "Understanding and mitigating refresh overheads in high-density DDR4 DRAM systems," published at ACM 

SIGARCH Computer Architecture News. Vol. 41. No. 3. ACM, 2013, all incorporated herein by reference. The high granularity of 

this 3D structure with arrays of relatively small sized units could enable deploying such techniques at the unit level, or even at a layer 

of a unit, so the refresh rate could be reduced to units that either have not be written into yet, or that exhibit lower leakage. In addition, 

for a unit in which all the memory layers are good, the choice of the unit to be left unused could be based on refresh needs .. The 

partition to units with the associated reduction of the word-lines and bit-lines length could itself reduce leakage and accordingly the 

required lower refresh rate. Alternatively these techniques could enable the reduction of the DRAM capacitor size for some 

application which could enable significant overall memory cell size reductions. 

[000229] Memory centric applications such as intelligent systems or search applications could be implemented as a memory focused 

processing system utilizing such 3D systems as is illustrated in Fig. 24A. In such a system, a new approach could be used, instead of 

the conventional processor centric approach in which data is transferred to and from the central processing unit, transfer the process to 

where the data is. As an example, the dashed border 2462 of Fig. 24A may represent a database stored in the memory 2430 associated 

with people in city A while the dashed line 2464 indicates data bank stored in the array 2430 associated with people in city B. And if a 

search is needed in respect to city A the program performing the search could be transferred to the processing unit in the logic layer 

2436 located in the area marked by 2462, while the program code related to a search in city B could be transferred to the processing 

core located in the region marked by 2464. Memory centric system operations could leverage the 3D computer system illustrated 

herein as a new compute paradigm. The program or code itself could also be stored in the memory matrix 2430. Additional option is 

to run parallel processing on the memory stored in the memory matrix 2430 converting it from one form to another form. There are 

many form of data transfer such as from amplitude domain to frequency domain as often called Fourier Transform. Another type of 

transform is to form multiple feature plans with one or very few bits from a many bit per data point representation, which is useful for 

technique for brain inspired algorithm. 

[000230] Another alternative for constructing a 3D memory stacked structure is to reduce changes in the memory wafer processing 

and compensate by adding process steps to the stacking process. Fig. 25A illustrates structure 2500 as alternative in respect to the 
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structure of Fig. 21E. A wafer substrate 2501 with cut-layer 2502, memory semiconductor structure 2504, memory interconnection 

structure 2506 and oxide layer 2508 may be formed. The in-between units control line 2510, through memory via 2536 and connecting 

pads 2538 are formed similar to those of Fig. 21E. The difference is that the in-between silicon 2505 is not etched away but rather 

shallow trench isolation 2512 and bottom dummy contacts 2514 are added, using conventional memory processing. The bottom 

dummy contact 2514 may be formed at the same step as the source and drain region of memory bit cell formation. The bottom dummy 

contact may be an n+ diffusion region. The through memory vias 2536 are connected to the respective bottom contacts 2514. Fig. 25B 

illustrates this alternative in respect to Fig. 2 lH after having a structure such as 2500 flipped and bonded to similar structure 2508, 

and have it substrate and cut layer removed, thus shown as processed bonded layer 2506. Then, vias 2582 could be opened by 

removing silicon 2505 to expose the bottom side of the bottom contacts 2514 as is illustrated in Fig. 25C. If the STI 2512 of the 

standard process are not deep enough, then the via formation process could include the STI locations to etch through to assure full 

isolations of the vertical connection from the substrate and each other, thus forming full etch structures 2583. Alternatively, the silicon 

at the regions could be first be etched out and replaced with isolation material. Then add landing pads 2522 on top of bottom contact 

2514 as is illustrated in Fig. 25D, to prepare the structure for the following layer. 

[000231] An additional step could be added which is forming alignment marks for this stacking process. The bonding alignment mark 

could be included in the metal layer as the bonder could see these alignment marks from the top view of the wafer. Fig. 25E illustrates 

the structure of Fig. 25A with alignment marks 2532 utilizing the STI process. These marks could be used once the wafer has been 

flipped and the substrate and the cut layer have been removed. Other alternatives could be the use of an ion implant process or 

leveraging the contact process for the alignment marks. 

[000232] Additional steps that could be taken in the memory fab to help the following stacking process could include using a 

lithographically defined doping process. Fig. 25F illustrates an optional use ofN+ doping for extending the contacts 2514 into the 

silicon with conductive N+ silicon 2534 reducing the need of forming the metal connections illustrated in Fig. 25C-25D 2502, 2522. 

Such N+ doping can be accomplished by adding extra high dose deep ion implantation in the memory wafer fab or even attainable 

using a part of a standard process step. The depth ofN+ layer may be the substantially close to the body thickness of the stratum to be 

transferred, so that N+ regions play as nano-TSVs. Fig. 25G illustrates an optional use ofN type silicon as the cut-layer 2540, and 

leaving the regions 2536 for the nano-TSV as P-. Once flipped and bonded, the process of substrate removal using the N as etch stop 

could allow etching these P- regions 2536 exposing the contacts 2514. Filling with conductive metal and then removing the excess 

using processes such as CMP would make the stack ready for the next stratum. As discussed previously, the selective etch of P silicon 

to N silicon could be an anodizing process which would first etch the P silicon to become porous and then the porous silicon could be 

selectively etched away. Utilizing these techniques the memory array wafer could be processed using a standard memory process or 

such with simple changes, and then stacked using simple processes that could be just bond, grind and etch, or with some additional 

steps as presented herein. 

[000233] As a general note, the use of top pad and bottom pads herein are exchangeable as with the use of layer transfer techniques. 

These structures could be flipped for specific applications using the presented technology and structures herein. In some cases there 

might be a need to flip the layer before bonding it to the target wafer. A carrier wafer, such as presented in at least US patent 

8,273,610, incorporated herein by reference, could be used to support such flipping. The carrier wafer could also leverage techniques 

presented herein in respect to the term "cut layer", and could be designed to be grind and etched out, or to be reused having it 

'refurbished' and used again. Additional techniques for such a carrier wafer, could be to form a porous layer at the top of a carrier, 

such as presented in respect to the EL TRAN process, without the need for the epitaxial step but rather just use it with silicon top or 

add oxide for the bonding. Another option is to use a wafer with thick oxide and/or a nitride cover of a few microns and optionally add 

grooves at the dice lane or between lithographic projection fields. Then detach the carrier wafer by a though-side etch leveraging the 

very high selectivity of etch rates between silicon and oxide or nitride. An additional alternative is to implant ions such as a 

combination of helium and hydrogen and then use low temperature (~400 °C) ion-cut for detach. An example for a need of flipping is 

in a case when the desired landing pads 2006 are in a range of about 200x200nm2 or about 400x400nm2 while the designated location 

for these pads might be desired for operating silicon. In such case a via smaller than 1 00xl 00 nm2 through the transferred silicon film 
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(strata) could be used and the landing pads could be constructed over the carrier wafer, once the layer was transferred onto the carrier 

wafer. 

[000234] An additional enhancement could be by adding to through-strata-via that we could also call a through-layer-via 'TL V" such 

as illustrated in Fig. 20H including top landing pad 2054, a via or chain ofvias 2050, and a bottom connection pad 2052. Such 

connection path might serve as path through without connecting to other elements within the strata it is passing through. It could allow 

signal paths through such as connecting signals between first memory control stratum 2448, of Fig. 24B, and second memory control 

stratum 2452 without connecting to any element within the 3D memory stack 2450. Furthermore, a plurality of dummy vias not 

connecting any pad may be included to improve process uniformity, serve as mechanical support, or in some application when it is 

desired facilitate heat dissipation, such as thermal pipes and paths to an external surface of the device. 

[000235] An example for such a feed-through TL Vis illustrated in Fig. 24A. A base wafer carrying, for example, processors and 

other circuits 2410, 2424, could be sourced from conventional 2D fabrication process and facility. It could include connecting pads on 

its upper surface. Then a wafer carrying multilayer memory strata 2430 with its memory control circuits 2428 could be bonded on top 

of the sourced wafer forming the connection between the standard flow wafer and the stack memory and control circuits. Then using 

the feed-through TL V connections could be made with the upper stratum 2436 which could include the I/O circuits to interface the 3D 

system with external devices. These could also include wired connections such as, for example, pads, balls or pins, or wireless systems 

such as electromagnetic, optical, etc. This heterogeneous integration supports the use of different device crystalline material, RF, 

Analog and other forms of heterogeneous integration. Such could include magnetic films using technique such as presented in US 

patents 9,337,251, 9,357,650, 9,357,651, 9,647,053, 9,679,958, incorporated herein by reference. These ferromagnetic films could be 

added to construct an on-chip inductor using standard metallization layer(s) with high quality factor for voltage regulators or RF 

transceiver/receiver to improve the 3D system effectiveness and capability. 

[000236] A standard wafer fabrication technology or baseline technology could be established for the memory per unit pin out 

position and function. That standard wafer fabrication technology or baseline technology could also be used for the custom logic 

design so it could integrate the generic memory wafer presented herein , for example, by bonding. Each standard wafer could include 

alignment marks for the custom logic top layer to help align the generic memory wafer during the bonding process. The standard 

wafer could include processing cores compatible with the size of the memory unit such as, for example, about 200 µm by 200 µm, a 

street width between units such as, for example, about 1 µm. The signals to be connected in-between such as: 40 pins for address, 16 

pins for data, 10 pins for control (such as read and write ) and 4 pins for pass through paths. Some of these pins could be defined in the 

industry standard as expansion options or to allow more than one memory type or architecture. With about 100 pins per unit, the area 

for each pin could be about 20 µm by 20 µm, which allows the use of most wafer bonders available currently in the industry. 

Additionally, the generic memory and control stack could be designed to be about 50 µm thick so it could be shipped, handled, and 

bonded by industry standard processes and machines. Such could become also a standard for which the memory stack could include a 

path-through the interface layer with the proper thickness so the total stack would be about 50 µm thick. For example, for a 16 

memory layer stack of 1 µm each and control stratum with I/O stratum of 2 µm, the stack thickness could be about 18 µrn, and a path­

through layer of about 32 µm could be bonded on top to bring the overall stack thickness to about 50 µm thick, compatible with the 

current industry capability. The pass through paths could be built using technology such as TSV to pass, for example, the 

approximately 100 signals from the generic memory to the custom 2D processor device, to the processor device such as based on 

planar, SOI, FinFET, or gate-all-around technology. 

[000237] Fig. 29A illustrates such 'pass-through add-on structure' 2902 constructed within a silicon wafer substrate, having base 

substrate 2910, designated cutline 2908 that could be formed by cut-line technique presented herein or just by timing the grinding and 

etch once bonded as it design to be many microns thick. The 'pass-through add-on structure' could include pre-built isolated TSV 

2904 to function as the conductive feed through. An enhancement of such 'pass-through add-on structure' is to have it function also as 

a thermal isolation between the heat generating processor and the memory stack, for example, as is illustrated in Fig. 29B. The 

enhanced 'pass-through add-on structure' 2912 could have some of the silicon 2906 be replaced by etch, deposition and planarization 

with thermal isolating material 2917 such as silicon oxide. With feed-through TSV 2914 and the remainder of the silicon substrate 
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2916 similar to those illustrated in Fig. 29A. Those 'pass-through' structures could be reserved for the arbitrary purpose that can be 

determined later by the system designer. The strata containing 'pass-through' structures may be a generic product such as memory, 

sensor, power or communication chip. Alternatively, use of such feed-throughs could be, from the processor logic in the logic layer 

2424, to the I/0 layer 2438 to connect to an I/0 or analog function being placed on the 2438 layer, or to interconnect memory control 

layer being placed on top 2432 and under 2428 the memory structure 2430. Such could be used to coordinate use of the redundancy 

control function between the top control 2432 and under control 2428. An additional use could be to coordinate dual control to support 

multiport access to the same memory matrix. 

[000238] The technique of using a precise bonder with staggered pads on word-lines orbit-lines presented in respect to Fig. 21A-21C, 

could be used to add memory control logic over 3D memory such as 3D NAND or 3D NOR. This could be an alternative to the 

technique presented here in respect to Fig. l lF-1 lK and Fig. 12F-12J. An advantage of a staggered pads approach could be the 

parallel processing of the memory and memory control which then could be integrated into a 3D device by bonding. 

[000239] The stacking techniques presented in respect to Fig. 20A-Fig. 25G, and Fig. 29A-29B could be extended to 3D memory 

such as 3D NOR. Such could include stacking multiple strata of 3D NOR each having multiple layers of memory. In such case, the 

per layer select transistors of Fig. 22D-Fig. 22E could become per memory strata select. This per layer select transistors could be 

implemented within a control stratum on top or below the multilayer memory strata or alternatively without such control stratum but 

rather in the memory structure such as by doubling the ridge select transistors to have to serial transistors instead of the one ridge 

select transistor (such as 1213, 1222, 1332). In such case, one transistor could function as the ridge select while the other could be 

globally controlled by the per layer select signal SLi, effectively providing strata select to support simple vertical stacking. This could 

allow use of the same memory control circuits to control multiple strata with relatively simple additional control and z-decoding 

circuit to control the strata select signals. Such stacking could include periodical stratum of rebuffering and redrive to support the 

relevant control lines. Fig. 26H illustrates an X-Y 2690 top view of such added transistor for forming Strata-Select SS 1 2692, SS2 

2694. Fig. 26H is a portion of Fig. 12E with the added transistors 2692, 2694, 2696 to function as global strata select for such stacking 

of 3D memory structures. In such case the stacking flow presented in respect to Fig. 21A-24B could be adapted for stacking of 3D 

memory strata such as 3D NOR. The 3D memory strata could be designed with units such as presented in respect to Fig. 22F. These 

units could be structured similar to the 3D memory units such as presented in respect to Fig. 12D. Each such unit could be designed to 

have the wordline access both from the top and the bottom and each of those word lines could include stacking pads arranged such as 

presented in respect to Fig. 21B. The bit-lines could also be structured to be access from the top and bottom and to have landing pad 

structures similar to Fig. 2 lB. And similar pad structures could be added to the ridge selects. For the Strata Select, the pad structure 

could be designed similar to the structure of Fig. 22A. 

[000240] Additional option is to stack different memory type. Clearly stacking could include many type of stratum, yet the unique 

aspect of the stacking technique in here is to form vertical connection of the word-lines and the bit-lines while having per strata select 

line such as SLi of Fig. 22D-22E. These word-lines and the bit-lines could control plurality of memory type including volatile and 

non-volatile. Sharing these memory control lines could allow efficient form of memory structure and in some cases, could even allow 

direct data transfer from one memory type to another memory while keeping some of these control line unchanged reducing power for 

such data transfer and reducing time for such transfer. 

[000241] An additional step that could be included in the preparation of 3D memory structures for stacking is adding bonder 

alignment marks. Precise bonders generally need alignment marks to align wafer to wafer These alignment marks could be 

incorporated in the proper location on the top and/or bottom layers of the 3D memory wafer structure using a proper mask of the 3D 

memory structure such as in a nonfunctioning zone over the wafer such as in-between memory structures. 

[000242] The technology for precise wafer bonding is being enhanced, recently demonstrating the improvement of wafer to wafer 

alignment tolerance from 200 nm three sigma to 100 nm three sigma, and efforts are underway to develop bonding precision to 50 nm. 

These works have been reported by papers such as by Peng, Lan, et al. "W2W permanent stacking for 3D system 

integration." Electronics Packaging Technology Conference (EPTC), 2014 IEEE I 6th. IEEE, 2014; by Sakuma, Katsuyuki, et al. 

"Bonding technologies for chip level and wafer level 3D integration." Electronic Components and Technology Conference (ECTC), 
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2014 IEEE 64th. IEEE, 2014; by Sugaya, Isao, et al. "Precision wafer bonding process for future cost-effective 3DICs." Advanced 

Semiconductor Manufacturing Conference (ASMC), 2015 26th Annual SEMI. IEEE, 2015; and by Kurz, Florian, et al. "High Precision 

Low Temperature Direct Wafer Bonding Technology for Wafer-Level 3D ICs Manufacturing." ECS Transactions 75.9 (2016): 345-

353, all of the forgoing are incorporated herein by reference. Herein we presented at least two stacking flows, one using 'Smart­

Alignment' techniques as presented in reference to at least Fig. l lF-Fig. 12J, and one utilizing 'Hybrid' and/or 'Fusion' as presented 

in respect to at least Fig. 20A-Fig.23B. The fusion bonding techniques enable a simple stacking operation as it could be done without 

the need to form vias in the transferred layer thereby reducing the need for lithography, metal deposition, and processing per stack 

layer at the stacking fab. But for such fusion bonding based stacking, the landing pads as illustrated in Fig. 2 lA are required. In some 

applications, it might be effective to mix these stacking techniques for the formation of 3D structure such as, for example, the one 

illustrated in Fig. 24B. An example for such could be to use fusion bonding for the stacking of the memory stratum as related to Fig. 

2 lA-Fig. 23A, and use 'Smart-Alignment' for connecting the memory control strata 2428 (providing the decoding, sense amplifiers 

and other memory control). Precise bonders could align the wafers being stacked but could not overcome die level misalignment 

within these wafers. It is relatively easier to control the die level aligrnnent for wafers processed in the same processing fab line using 

the same stepper, or matched steppers. The memory stratum could be processed in the same line as they are providing the same 

circuits. The control stratum would be processed in a different process and might be harder to achieve the same die to die 

misalignment as the memory stratum. By using 'Smart-Alignment' for it, the landing pads could be exchanged to landing strips as 

illustrated in Fig. 11 G and could allow a larger overall misalignment between the control stratum and the memory stratum. Such 

hybrid stacking could keep a tight space between units of the memory stratum with landing pads, as an example, 200 nm x 200 nm, 

while the connection of the control stratum to the memory stack could use landing strips of 300 nm length (and less than 80 nm width) 

to accommodate the additional die level misalignment between the control stratum and the memory stratum. 

[000243] An additional option to accommodate large total stacking misaligrnnent is to build the relatively larger landing pads and pins 

over the memory unit. This way the space 2311 between the memory units could be kept relatively small while the landing pads could 

be made large enough to accommodate the total error which could include the bonder aligrnnent error or/and the die placement errors. 

Such over the array pads construction could add costs associated with the processing of such over the array pads and additional per 

stacking layer costs in the stacking fabs to build these extra layers of landing pins. Fig. 25H-25J could illustrate such over the array 

connectivity structures. Fig. 25H is lower portion 2560 is similar to Fig. 25A. The upper portion 2561 illustrates the landing pads 2550 

constructed over the memory bit cell array 2556. These landing pads are connected to the respective bit-line or word-line by via 2552, 

connection wire 2554, and via 2562. These additional metal layers are added on top of the isolation covering the array 2558 and are 

with the additional isolation material 2557. It might be desired to have two versions of over the array pads: one with landing pads 

2550 and one with landing pins 2570 as illustrated in the lower part of Fig. 251. Fig. 251 illustrates bonding a such wafer with large 

landing pads 2550 on top of another such wafer with landing pins 2570. Fig. 25J illustrates the structure after removal of the top 

substrate and Si Ge layer and constructing landing pins 2572 or alternatively large landing pads (not drawn) for the following stacking 

step. Artisans in the art could mix and match this alternative stacking option to the specific 3D system design. 

[000244] The 3D memory stack herein enables stacking multilayers of memory stratum in which the vertical connectivity is at the 

word-line and bit-line level. Such 3D stacking enables use of a memory control for multiple memory stratums thus reducing cost in 

addition to benefits in performance and power reduction. Yet vertical connectivity at the word-line/bit-line level could be a technology 

challenge as the high pitch of these memory control lines may prevent the use of techniques such as 'smart-alignment' as there might 

not be enough room to run TL Vs through. For such cases the Hybrid/Fusion bonding techniques presented herein, at least in respect to 

Fig. 21A-Fig. 25J, are an effective technique to provide word-line/bit-line level 3D connectivity. 

[000245] The 3D memory stacking presented herein could be modified to accommodate technology limitations or cost objectives. 

Such modification could include connecting only the bitlines at the unit level while connecting the wordlines at a far courser 

granularity or vice versa (connecting the wordlines at the unit level and the bitline at the bank on multiple unit level). Other 

modifications could include staggering the layer select transistors position of Fig. 22D or Fig. 22E, to accommodate the high metal 
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pitch of the respected control lines. Another modification could be to position the connecting pads for/on odd control lines in one side 

of the unit and for/on even control lines on the other side of the unit thereby resembling the structure illustrated in Fig. 12C-12E. 

[000246] An additional alternative to a form buried cuttable layer is to replace the buried Si Ge with oxide, nitride or other layers. This 

could be done following a step of isotropic etch as been described such as in reference to Fig. 2I. This could use deposition techniques 

such as ALD or other conformal deposition techniques to refill the etched-out space with a proper dielectric material. This could be 

done while forming and keeping posts to hold the top silicon layer or in two steps; first portion and then additional etch and replace 

the remaining portion. Following the replacement an epitaxial process could be used to seal the entrance holes 224. This could be done 

for the whole wafer or at selective sections for specific applications. This could be done as part of forming a generic substrate or per a 

specific application. The replacement could be done for specific circuit considerations, for example, such as substrate capacitance, or 

back bias, or back gate. This could also be done to support any of the 3D integration flows such as presented herein for which the 

replacement material could be later etched with a much higher selectivity. For example the selectivity of dry etch of nitride vs. silicon 

could be set to be 2,000: 1, which is much higher than the selectivity of Si Ge vs. silicon. This could also be done in combination with 

bonding to another substrate and detaching with a finishing process such as residue etch CMP and epitaxial. This flow could also be 

done as an alternative process for the formation of SOI substrates, and may have lower cost to mannfacture compared to the current 

methods. This could also be done using a stain etching to convert the SiGe layer to porous layer as previously presented herein. 

[00024 7] An additional alternative for a 'cut-layer' is to use a single atom layer of Graphene as presented in a paper by Kim, Jeehwan, 

et al., "Principle of direct van der Waals epitaxy of single-crystalline films on epitaxial graphene." Nature communications 5 (2014 ); 

and Yunjo Kim, et al., "Remote epitaxy through graphene enables two-dimensional material-based layer transfer" published at 

NATURE I VOL 544 I 20 APRIL 2017, incorporated herein by reference. It was discovered that a single atom layer of graphene being 

placed on a single crystal substrate could allow a single crystal epitaxial growth on top having the base crystal orientation and quality. 

Yet the layer grown on top of the graphene could be pulled off as the graphene layer has "weak van der Waals interactions, and which 

also allows facile layer release from 2D surfaces". Enabling "the grown single-crystalline films are rapidly released from the 

graphene-coated substrate and perform as well as conventionally prepared films". Accordingly, such a single atom graphene layer 

could serve as alternative to the porous layers described herein or combined with such or other forms of 'cut-layer' presented herein. 

The base substrate could be reused after 'cutting' off the functional layer. A graphene cut could be used in a similar way to the 

original concept of porous layer for formation of SOI wafer as was named EL TRAN by Cannon. 

[000248] Many mix and match of these cutting techniques could be utilized for different product formation and related flows. One 

such mix could be used for die to wafer 3D integrations as discussed in U.S. patent applications 15/095,187 and 15/173,686 and 

herein. So, the cut of the 6 microns thick die could use the graphene as the cut layer but then the following a step of thinning the layer 

after being bonded to the target wafer, and could leverage the Si Ge etch selectivity for etch and controlled thinning to below 1 micron 

to allow a simple process with nano-TSV through (with less than 400nm via diameter) the thinned die. 

[000249] Additional technique that could be used for a 2D material such as Graphene as a 'cut layer' is an oxide type post that could 

be etched out prior to the layer transfer step. As the substrate with a cut layer being built in could go through the full front end of 

theline processing and some back of the line processing before the layer transfer, it could be desired to add in such posts to keep the 

stability of the structure for the various processing steps prior to the transfer step. Using a modified STI step, holes could be etched all 

the way through the graphene into the underlaying substrate, and filled with oxide. These holes could be made in the dice lanes. Then 

as one of the last step before performing the layer transfer operation these oxide posts could be etched away releasing their hold. 

Additionally, these in the dice lanes could be extended to a full dice lane etch so that in the layer transfer step each die may be peeled 

off independently from the other dies. 

[000250] The release process could include a polymer or other material such as nickel to help form a stress which together with 

temperature, such as liquid nitrogen or less than 400 °C degree spike heating, could help the detach and release of the re-useable 

substrate from the 3D structure comprising the target wafer and the bonded transferred layer. An alternative technique could include 

the use of pulling 5-30 micron thin layers off reusable wafers using a technique called controlled spalling such as presented in papers 

by Shahrjerdi, Davood, and Stephen W. Bedell. "Extremely flexible nanoscale ultrathin body silicon integrated circuits on 
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plastic." Nano letters 13 .1 (2012): 315-320; and by Bedell, Stephen W., et al. "Layer transfer by controlled spalling." Journal of 

Physics D: Applied Physics 46.15 (2013): 152002; and U.S. patents 9,698,039, 9,704,736 and 9,713,250, incorporated herein by 

reference. A reusable "cuttable" substrate could be constructed using the following steps; 1) Form the thin layer with desired silicon 

thickness on top of a SiGe etch stop layer using an epitaxial process over a donor wafer. 2) Form a reusable carrier by growing 3-10 

micron thick oxide (or nitride) over a silicon wafer. 3) By using controlled spalling pull out 5-10 micron layer off the silicon over 

SiGe (top Si/buried SiGe/fractured bulk Si stack) from the donor wafer and bond it on top of the reusable carrier, thus forming the 

reusable "cuttable" substrate. Optionally, the fractured surface portion of bulk Si maybe treated to be planarized for better bonding to 

the resuable carrier. The reusable "cuttable" substrate could now be processed with building the desired circuits on top of it. Than it 

could be bonded on top of a target wafer. Then using selective oxide or nitride etch from the side of the wafer, the bulk of the reusable 

"cuttable" substrate could be detached leaving over the target wafer the circuits and the layers previously being bonded to the 3-10 

micron thick oxide. Than using SiGe as an etch stop the 5-10 micron silicon could selectively etched followed by a Si Ge etch. In the 

process the edge of the wafer could include protection of the interconnect layers to protect them from the side oxide detaching etch. 

[000251] The 'cut-layer' technology presented herein could also be used for applications requiring a very thin device. An example of 

such application is integrating a semiconductor device in a contact lens or in application requiring a very flexible circuit layer. In these 

applications the ability to use a standard semiconductor fabrication process following by thinning the device thickness to a few 

microns or hundreds of nano-meters or even less, could be key enabling technology. 

[000252] An additional inventive embodiment for a 3D memory constructed of arrays of relatively small memory units, with the 

memory control circuits on top or under of such memory units relate to the ability to perform per unit refresh and other techniques to 

extend memory effectiveness. This could be applied for DRAM type memory as presented herein before and also for non-volatile 

memory such as charge trap, floating gate and ferro-electric based memory. These memory units could have an X direction and/or Y 

direction size of a few tens of microns, or a few hundreds of microns. For example, some of the general concerns with memory 

structures relate to disturb and other forms of losing memory fidelity. These could impact the level of memory density utilization. 

With such a 3D memory system as illustrated in Fig. 19A, the control system could copy the contents of a memory unit to cache 

storage, erase the unit and re-write the content to restore memory fidelity. These refresh cycles could be performed based on time or 

activity of that memory unit. These refresh operations could be performed at a time there is no active use of the memory so auto­

maintenance could be performed. Fig. 27 illustrates a block diagram for such a refresh operation flow. Such a refresh could extend the 

effectiveness of the memory by enabling a greater number of bit site locations with the memory cell and a greater number of storage 

levels within such storage sites. 

[000253] An alternative to form the 3D NOR fabric illustrated in Fig. 3A-3B and Fig. 4A-Fig. lOD of PCT/US16/52726 is to use the 

"punch and plug" technique, commonly used in current 3D NAND formation. Fig. 26A illustrates a top XY 2600 view of holes 2608, 

2609 formed in a multilayer structure such as is illustrated in Fig. 3A of PCT/US16/52726. The multilayer structure may be the stack 

of multiple single crystalline N+/P/N+ semiconductors layers. The multilayer structure may further include silicon for N+ layer 

(designated for the source and drain SID) and SiGe for Player (designated for the channels). Alternatively, the SiGe region may serve 

as SID while Si may serve as the channel material. The memory transistor may be constructed for single crystalline vertical channels 

and single crystalline horizontal bit lines as presented in reference to Fig. 4A-Fig. lOD of PCT/US16/52726. Herein, the term "punch" 

represents a deep etch process to make a hole deep through multiple stack of layers while "plug" denotes a deposition process that 

either substantially fills the punch hole or partially fills it, such as a layer or layers deposition on the inner sidewall of the punch hole. 

The holes are usually punched substantially all the way through the multilayer structure. The holes could be formed in horizontal rows 

2602, 2604, 2606 which could function similar to the valleys 308 in Fig. 3B of PCT/US16/52726. After the vertical anisotropic etch 

forming the holes, an isotropic etch could be used to extend the holes to slightly overlap as is illustrated in Fig. 26B. Alternatively the 

holes could be formed directly as illustrated in Fig. 26B. Then using deposition, such as ALD, the O/N/O layers 2628, 2629 could be 

deposited in the holes, similar to as is done in 3D NAND, as illustrated in Fig. 26C. The gap opened by the overlaps 2618, 2619 

between the neighboring punch holes, could be designed so, the deposition of the O/N/O layers would close it, by having the proper 

O/N/O thickness, forming rows of isolated holes, 2622, 2624, 2626, with isolated ridge 2623, 2625 which function similar to the 
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ridges 309 in Fig. 3B of PCT/US 16/52726. Such auto-shutting of the gaps enables for the subsequent gate formation to be self­

aligned, reducing a lithography step for the gate patterning. Then the inside of the holes could be filled with gate material 2630 which 

could be polysilicon, tungsten or alternative gate material or combination of such. The O/N/O stack thickness is usually more than 10 

nm and less than 30 nm, and accordingly the gap between the holes 2619, 2629 could be designed to be less than 20 nm to assure 

isolation between the gates of adjacent holes. Fig. 26D illustrates having the gates along the same colunm in Y direction connected by 

global wordlines 2632, 2634. The holes of even rows 2604 could be phased from the holes on odd rows 2602, 2606, to simplify the 

wordlines connections, to enable individual selection of each storage facet as an alternative to the connectivity in Fig. 5A or 5B or 5E 

or SA of PCT/US16/52726. Most of the variation and enhancement presented in the PCT/US16/52726 could be adapted and 

implemented with such "punch and plug" process. For example, the indentation presented in respect to Fig. lOB of PCT/US16/52726, 

could implemented by having 'odd' holes 2608 larger than 'even' holes 2609. Furthermore, the formed ridges 2623, 2625 could be 

sliced with slits ('valleys') to expose the sidewall of multilayer structure and selectively expose the bitlines - SID region for 

silicidation and so forth as explained in reference to Fig. 8 of PCT/US16/52726. An artisan in memory technology would be able to 

adapt many of the technology alternatives presented inPCT/US16/52726 in respect to a straight lines ridge in valleys to the punch 

holes formation of ridge and valleys as illustrated in reference to Fig. 26B. 

[000254] An additional advantage of the punch holes technique illustrated in Fig. 26A-26C is the ability to use the adjacent wordline 

to steer storage location. So, for example, when writing using WLn the adjacent wordline WLn+ 1 could be used to pull the charge 

toward it or to push charge away resembling the concept presented in PCT/US16/52726 in respect to Fig. l0B and Fig. l0E. 

Accordingly using both WLn-1 and WLn+ 1 could extend the storage capacity when writing using WLn. 

[000255] An alternative process could include sealing some holes such as the 'even' holes 2509, then plugging the 'odd' holes 2508 

with O/N/O and gates, then remove the sealing and optionally isotropic etching the unplugged 'even' holes 2509 . Such selective 

sealing process is often used for the in-situ sealing process to create a vacuum cavity in MEMS technology by using very low step 

coverage deposition process or very non-conformal deposition process, causing voids. In order to protect the multilayer structure by 

some residual sidewall deposition of the sealing material, a dummy mask pattern on the very top of the multilayer structure may be 

incorporated. In this approach, the holes to be sealed first have a substantially smaller diameter than the holes to be plugged first. 

Holes sealing could be done by processing such as presented in U.S. patent application 12/979,592, incorporated herein by reference. 

[000256] Fig. 26E is a top view X-Y illustration to show the use of the single hole punch process to construct the various elements 

which may be needed for the 3D NOR fabric. The region cut is illustrated by the dash line 2660 and the in picture cut 2662 is to 

indicate that the structure could include many more memory cells in the X direction. The structure resembles the structure of Fig. 12D. 

The ledger could be read as follows, the un-punched multilayer structure 2640 forming the in bitlines ridge select transistor 2642 and 

in-silicon layer transistor 2644 used as part of the per layer programming (PEl-9 of Fig. 28), 1'1 gate pillar 2646, 2nd gate pillar 2648, 

control gate 2650 of the in-silicon transistor for ridge select and PE gate, a vertical pillar for ground 2652 for all layers (2800 of Fig. 

28), programmable gate 2654 for the PE transistors, isolation pillars 2656, contact pillars 2658 for per layer contacts (L l-L4, 2812-

2818), optional feed-through pillars 263 9 which could be used to transfer signals from the upper side of the fabric to the bottom side. 

The processing of these holes could be done for each function while the other holes are sealed or by other alternative techniques 

presented herein. Processing these punch holes together saves processing cost because in 3D memory structures the holes punch 

process through the multi-layers structure is a slow and expensive process. In many cases the holes diameter is about 100nm or 

smaller yet the multilayer structure could be of a few microns thick. 

[000257] An additional advantage of simultaneous holes punching is having these holes self-aligned in the vertical direction enabling 

dense structures as illustrated in Fig. 26A-26E. Fig. 26F and Fig. 26G are side cut views along X-Z direction 2670 to illustrates the 

difference between holes etch together/simultaneously (Fig. 26F) vs. holes punch in two independent etch steps (Fig. 26G). The self­

aligned holes 2674, 2676, 2678 in a multilayer structure 2672 could be used for different functions as illustrated in Fig. 26E. Fig. 26G 

illustrates holes etched into a multilayer structure 2682 in which holes 2684, 2688 are etched in one step while holes 2686 in another 

step. With 'Single Punch' the sidewall vertical scallop pattern of the etched hole is substantially the same as the sidewall vertical 
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scallop pattern of the other holes etched at the same time, being processed at the same process into a uniform structure. The peak and 

valley pattern of the scallop is continuous along the X-Y direction between these simultaneously etched holes. 

[000258] A known challenge in 3D memory formation relates to the etch aspect ratio for the holes punching process. At the current 

state of etch technology it is about 1 :60 which imply that for multilayer substrates with 3 microns thickness the smallest consistently 

attainable hole would be about 50 nm diameter. To keep the holes diameter small for thicker multilayer substrates the following 

techniques could be applied. A layer transfer technique could be used to punch holes from both sides of the multilayer substrate 

enabling about double the multilayer thickness. And successive holes punching, followed by epitaxial growth of the substrate, could 

be applied to construct a thin hole in a thick multilayer structure. 

[000259] An additional alternative that could be combined with many of the 3D-NOR structures presented herein and in at least 

PCT/US16/52726 could be to use the ridge split process to replace the SiGe portion with metal to function as the SID and having the 

Silicon portion function as the channel. For example, in respect to Fig. 41E of PCT/US16/52726, instead of a partial Si Ge etch 

perform a full Si Ge etch and then either use a thin oxide first or just perform conformal deposition of metal to be followed by an etch 

removing the metal from the side walls and leaving it as replacement of the SiGe regions, thus functioning as SID. For such 

alternative, the silicon region should be kept un-doped or P- doped to function as the 3D NOR channel regions. At the edge of the 

ridge the proper adjustment should be made in forming the staircase access. These adjustments could include replacement of region of 

the metallic SID with p type silicon for the formation of the ridge select. Alternatively an epitaxial step ofN+ type silicon could be 

used to form the SID. An additional step of etching the ridge split again could be used to clean the slit from the epitaxial over growth 

and reduce the risk of leakage between SID lines. Additionally the epitaxial step could be engineered to only partially fill the space 

formed by the Si Ge removal, followed by adding metal as described above, combining both techniques to replace the Si Ge forming 

the SID. An additional aspect that could be integrated in the 3D NOR formation is to use a high work-function metal for the wordlines 

to reduce punch-through leakage risks. Persons in the memory art could adapt this alternative to the various relevant structures of the 

3D NOR memories presented herein. 

[000260] The 3D integration technique such as presented in respect to Fig. 1 to Fig. 6D herein could be used to support many 

derivatives of memory products by a mix and match of memory control circuits on top or below the memory array. These could allow 

multiple control circuits, some that use multi-bits per cell and some that do not, and also the many techniques of multi bit presented 

herein. The memory array could also be made with a generic size which could then be customized for a specific memory product by 

properly designing the memory control circuit and sizing the end product by the placement and setting of the dicing lines. 

[000261] An additional inventive embodiment to enhance 3D memories is to use an alternative per layer access by sidewall strapping 

through one-time-programmable anti-fuseto the method and structure presented in reference to Fig. 43 of PCT/US2016/052726, orby 

similar multiple programmable connections such as is used for RRAM and Bridge-RAM. Fig. 28 is a modified structure to support 

this alternative method. Ll, L2, L3, L4.,.(2812, 2814, 2816, 2818) are the vertical contact pillars to serve as per layer access. Each one 

of these contact pillars could be programmed to connect to a Bit-Line (BL1-BL4) by breaking a thin oxide (OTP), which could be 

considered an anti-fuse between it and the Bit-Line (2841, 2842, 2843, 2844). The Bitlines and/or pillars could be engineered to 

provide a more stable anti-fuse providing an ohmic connection when linked; for example, by include a high concentration of 

atomically large lattice atoms, such as Arsenic in silicon, which would be incorporated into the link when fused. The pillar maybe 

formed using polysilicon with the same doping polarity of BL to provide an ohmic anti-fuse. The connection region could include the 

horizontal 'programming-enable-transistors' PE1-PE9 controlled by gate pillar 2803 having a contact 2832 PE, which provides 

controlled connection to the vertical grounding pillar 2801 with ground contact 2800 GND. The horizontal transistors PE l-PE9 are 

embedded in the Bitline using a similar technique presented herein for the ridge select transistors. These transistors comprise charge 

trap so they could be programmed to be disconnected. The programming could be performed by the memory control circuit 2850 

using the Vpp Gen to generate programming voltage and 'P Enable' to enable the programming, as follows: 

1. Initially, all PEs (PE1-PE9) are erased (to low Vt) to pass ground potential to their respective BLs (BL l-BL9). 

2. Vpp is set to a high enough voltage to break the 'anti-fuse' made of the thin oxide (OTP), than Pl is activated presenting 

the programming voltage on L 1. Then 'P Enable' activates the gate PE opening up all the horizontal programming 
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enabling transistors (PE1-PE9), connecting all the Bitlines to ground. One of the anti-fuses would break which would 

connect Ll to one of the Bitlines (randomly). Let say (for example) BLl is connected to Ll. Then the progrannning 

voltage drops as the current through the activated anti-fuse pull the voltage on Ll down enough so no more anti-fuses 

would break. A soak algorithm could also be initiated to make the anti-fused link more stable. 

3. Then Vpp and PE could be set to program PE transistor (to high Vt) connected to the randomly fused BL in step 1 to 

stop passing ground voltage. In this case, PEI transistor is progranuned to high Vt. Now, only the rest of the PEs 

excluding PEI could be passing ground potential when PE is activated. 

4. After Pl is disabled, P2 is enabled and the cycle repeated creating connection between L2 and random BL. 

5. Repeat step 2 to 4 for rest ofBLs. 

The selection of which Bitline would be fused first could be guided by changing the vertical pillar ground connection 2801 from 

metallic pillar to resistive pillar-like poly silicon which could give advantage to the upper Bitline closest to the GND to fuse first. 

This concept of random ( or guided) selective fusing by parallel access to multiple anti-fuses is been implemented for random number 

generator as is detailed in a paper by Chuang, K-H., et al., "Physically unclonable function using CMOS breakdown position," 

International Reliability Physics Symposium (IRPS), 2017 IEEE International, IEEE, 2017, incorporated herein by reference. During 

this progrannning of per layer connection, all the relevant ridge selects could be disabled to reduce the risk of sneak paths. 

The per layer connection technique presented in respect to Fig. 28 could be combined with the per layer connection technique 

presented in respect to Fig. 43 of PCT/US2016/052726 to various alternatives of mix and matched by an artisan in the art. 

[000262] It will also be appreciated by persons of ordinary skill in the art that the invention is not limited to what has been particularly 

shown and described hereinabove. For example, the use of Si Ge as the designated sacrificial layer or etch stop layer could be replaced 

by compatible material or combination of other material including additive materials to Si Ge like carbon or various doping materials 

such as boron or other variations. And for example, drawings or illustrations may not shown or p wells for clarity in illustration. 

Further, any transferred layer or donor substrate or wafer preparation illustrated or discussed herein may include one or more undoped 

regions or layers of semiconductor material. Further, transferred layer or layers may have regions of STI or other transistor elements 

within it or on it when transferred. Rather, the scope of the invention includes combinations and sub-combinations of the various 

features described hereinabove as well as modifications and variations which would occur to such skilled persons upon reading the 

foregoing description. Thus, the invention is to be limited only by appended claims (if any). 

Micron Ex. 1002, p. 669 
Micron v. YMTC 
IPR2024-00910



WO 2018/071143 PCT/0S2017/052359 
44 

We claim: 

1. A 3D device, the device comprising: 

a first stratum comprising a first bit-cell array, said first bitcell array comprises three independent first rows; 

a second stratum comprising a second bit-cell array, said second bitcell array comprises three independent second rows, 

wherein said second stratum overlays said first stratum; and 

at least three vertical bitlines each connected to respective three horizontal first bitlines and three horizontal second bitlines, 

wherein said three horizontal first bitlines comprise control of said first bit-cell array, 

wherein said three horizontal second bitlines comprise control of said second bit-cell array, and 

wherein each of said three vertical bitlines could be used to control a different one of said three independent first 

rows, or control a different one of said three independent second rows. 

2. The 3D device according to claim 1, 

wherein said three horizontal first bitlines are spaced apart by less than 200 nm. 

3. The 3D device according to claim 1, 

wherein said three horizontal first bitlines each comprise a pass transistor to control access to the respective rows 

of said first bit-cell array. 

4. The 3D device according to claim 1, 

wherein said first stratum is bonded to said second stratum by fusion bonding or by hybrid bonding. 

5. The 3D device according to claim 1, further comprising: 

a third stratum overlaying said second stratum, 

wherein said third stratum comprises at least three bitline decoders, one for each of said three vertical bitlines. 

6. A 3D device, the device comprising: 

a first stratum comprising a first bit-cell array, said first bitcell array comprises three independent first rows; 

a second stratum comprising a second bit-cell array, said second bitcell array comprises three independent second rows, 

wherein said second stratum overlays said first stratum; and 

at least three vertical wordlines each connected to respective three horizontal first wordlines and three horizontal second 

wordlines, 

wherein said three horizontal first wordlines comprise control of said first bit-cell array, 

wherein said three horizontal second wordlines comprise control of said second bit-cell array, and 

wherein each of said three vertical wordlines could be used to control a different one of said three independent 

first rows, or control a different one of said three independent second rows. 

7. A 3D device, the device comprising: 

a first stratum of array of units, said array of units comprising a first unit comprising a first bit-cell array and a second unit 

comprising a second bit-cell array, 

wherein said first bit-cell array comprises a first and a second row of bit-cells controlled by a first and a second 

bit-line respectively, and 

wherein said second bit-cell array comprises a third and a fourth row of bit-cells controlled by a third and a fourth 

bit-line respectively; and 
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a first transistor controlling the connectivity of said first bit-line to said third bit-line; and 

a second transistor controlling the connectivity of said second bit-line to said fourth bit-line. 

8. The 3D device according to claim 7, 

wherein said first bit-line and said second bit-line are spaced apart by less than 200 nm. 

9. The 3D device according to claim 7, further comprising: 

a third transistor controlling the connectivity of said first bit-line to said third bit-line. 

10. A 3D device, the device comprising: 

a first stratum of array of units, said array of units comprising a first unit comprising a first bit-cell array and a second unit 

comprising a second bit-cell array, 

wherein said first bit-cell array comprises a first and a second row of bit-cells controlled by a first and a second 

word-line respectively, and 

wherein said second bit-cell array comprises a third and a fourth row of bit-cells controlled by a third and a fourth 

word-line respectively; and 

a first transistor controlling the connectivity of said first word-line to said third word-line; and 

a second transistor controlling the connectivity of said second word-line to said fourth word-line. 

11. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrays, overlaid by a third stratum, 

wherein said third stratum comprises a plurality ofbitline decoders to control said first bit-cell array and said 

second bit-cell array. 

12. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrasy, overlaid by a third stratum, 

wherein said third stratum comprises a plurality of wordline decoders to control said first bit-cell array and said 

second bit-cell array. 

13. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrays, overlaid by a third stratum, 

wherein said third stratum comprises a plurality of n type and p type transistors, and 

wherein said first stratum and second stratum comprise only n type transistors. 

14. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrays, overlaid by a third stratum, 

wherein said third stratum comprises a first stratum select contact and a second stratum select contact and a bit­

line contact, 

wherein said first stratum comprises a first bit-line controlling at least one of said first bit-cell arrays, and 

wherein said second stratum comprises a second bit-line, overlaying said first bit-line, controlling at least one of 

said second bit-cell arrays, and 

wherein said first stratum select contact could be used to connect said bit-line contact to said first bit-line, and said 

second stratum select contact could be used to connect said bit-line contact to said second bit-line. 
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15. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrays, overlaid by a third stratum, 

wherein said third stratum comprises a first stratum select contact and a second stratum select contact and a word­

line contact, 

wherein said first stratum comprises a first word-line controlling at least one of said first bit-cell arrays, and 

wherein said second stratum comprises a second word-line, overlaying said first word-line, controlling at least 

one of said second bit-cell arrays, and 

wherein said first stratum select contact could be used to connect said word-line contact to said first word-line, and 

said second stratum select contact could be used to connect said word-line contact to said second word-line. 

16. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrays, overlaid by a third stratum of 

third bit-cell arrays, overlaid by a fourth stratum, 

wherein said first stratum comprises a first word-line controlling at least one of said first bit-cell arrays, and 

wherein said second stratum comprises a second word-line, overlaying said first word-line, controlling at least 

one of said second bit-cell arrays, 

wherein said third stratum comprises a third word-line, overlaying said second word-line, controlling at least one 

of said second bit-cell arrays, and 

wherein said fourth stratum comprises control circuit to enable use of said third word-line as an alternative to said 

first word-line or said second word-line. 

17. A 3D device, the device comprising: 

a first stratum of first bit-cell arrays, overlaid by a second stratum of second bit-cell arrays, overlaid by a third stratum of 

third bit-cell arrays overlaid by a fourth stratum, 

wherein said first stratum comprises a first bit-line controlling at least one of said first bit-cell arrays, and 

wherein said second stratum comprises a second bit-line, overlaying said first bit-line, controlling at least one of 

said second bit-cell arrays, 

wherein said third stratum comprises a third bit-line, overlaying said second bit-line, controlling at least one of 

said second bit-cell arrays, and 

wherein said fourth stratum comprises control circuits to enable use of said third bit-line as an alternative to said 

first bit-line or said second bit-line. 

18. A 3D device, the device comprising: 

a first stratum comprising a first bit-cell array, said first bitcell array comprises three independent first rows and three 

horizontal first bitlines, 

wherein said three horizontal first bitlines are BLsubl-1, BLsubl-2, and BLsubl-3; 

a second stratum comprising a second bit-cell array, said second bitcell array comprises three independent second rows and 

three horizontal second bitlines, 

wherein said second stratum overlays said first stratum, and 

wherein said three horizontal second bitlines are BLsub2-l, BLsub2-2, and BLsub2-3; 

at least three vertical bitlines, vBLsubl, vBLsub2, and vBLsub3, 

wherein vBLsubl is selectively connectable to BLsubl-1 or BLsub 2-1, 

wherein vBLsub2 is selectively connectable to BLsubl-2 or BLsub 2-2, 

wherein vBLsubl is selectively connectable to BLsubl-3 or BLsub 2-3, 
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wherein said three horizontal first bitlines comprise control of said first bit-cell array, 

wherein said three horizontal second bitlines comprise control of said second bit-cell array, and 

wherein each of said three vertical bitlines could be used to control a different one of said three independent first 

rows, or control a different one of said three independent second rows. 
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THREE-DIMENSIONAL SEMICONDUCTOR MEMORY DEVICE AND METHOD OF FABRICATING THE SAME 

Abstract 

Provided are a three-dimensional semiconductor memory device and a method of fabricating the same. The device may include 
a substrate including a peripheral circuit region and a cell array region, anelectrode structure including a plurality of electrodes 
vertically stacked on the cell array region of the substrate, a peripheral logic circuit provided on the peripheral circuit region of the 
substrate, the peripheral logic circuit including a first impurity region doped with first impurities, a peripheral contact plug 
connected to the first impurity region, and a second impurity region betweenthe first impurity region and the peripheral contact 
plug, with the second impurity region including second impurities different from the first impurities. The peripheral contact plug 
includes a lowerportion contacting the second impurity region, and an upper portion continuously extending from the lower 
portion, a lower width of each of the lower and upper portions is less than an upper width thereof, and the upper width of the 
lower portion is greater than the lower width of the upper portion. 
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1. -5¥~ - ti~~{tt¥{ii:ff{tf:, 'ELtrS: 
tt~, ~'ELtrS~rll ~j~fX~lP-!¥L5Gl45UIX~; 
~m~~.~'E1m¥~~*~a~~tt~ITT~~•5Gl4~1X~LITT$~~m; 
*ll~-~~.~~m~a~~tt~ITT~~*ll~~!X~L,~~*11~-~~'ELm 

t*J;L--jc,kk _j;L r£f"'1kk _j;L f.±;,v ±!f, 
1~~/Fl~ ~/VU:l'J~ ~/V-tiX ~; 

~r II tltE!lffi ~, ~JlHllLlJiJr~ffi-~MIX~; ~ JJz 
ffi=~MIX~,~a~~ffi-~MIX~~~~*ll~Mffi~z~,~~ffi=~MIX~ 

'ELm~~~ffi-~M~~ITTffi=~M, 
~~~~*ll~Mffi~'ELm~M~~ffi=~MIX~ITTr$~JJzM~~r$~~M~ 

ITTL$, 
~~r$~~~L$ITT~~ITTr•&~T~L-&,~J]z 
~~r$ITT~~L-&Ar~~L$ITT~~r-&o 
2. tlHJJ5 txtu Jt1t 1 JiJr~ITT - ti~ ~{tt¥{ii :ff {cf:,~~ Ji)r~~r II tltE!l ffi ~A~~ JiJr~ffi 

-~MIX~faJ~~3fITT~*® o 
3. tlHJJ5tJZ.lLlJt1t1Ji)r~ITT - ti~~{tt¥{ii:ff{tf:, ~~ Ji)r~~r lltltE!lffi~A~ {irr Ji)T~ 

tt~ITTTP1*®z rITT~*® 0 

4. tlHJJ5tJZ.lLlJt1t1JiJr~ITT - ti~~1tt¥1ii:ff1tf:, ~~ JiJT~ffi=~M IX~A~b~JiJr~ffi 
-~MIX~ITT1*&:~>J\ITT1*&0 

5. tlHJJ5tJZ.lLlJt1t1JiJr~ITT - ti~~1tt¥1ii:ff1tf:, ~~ JiJT~ffi=~M IX~ITT •&1J\r JiJT 
~ffi-~MIX~ITT-&o 

6. tlHJJ5tJZ.lLlJt1t1JiJr~ITT - ti~~1tt¥{ii:ff{tf:, ~ ~ JiJT~ffi=~M IX~'EL 13-~ (C) ,ffl 
(N) 5¥01( (F) ~ ITT ~d>-5¥~ o 

7. tlHJJ5tJZ.lLlJt1t1Ji)r~ITT - ti~~{tt¥{ii:ff{tf:, ~~ Ji)r~~r lltltE!lffi~ITT JiJr~r$ITT 
¥~*&~r~~~L$ITT¥~*&o 

8. tlHJJ5 txtu Jt1t 1 JiJr~ITT - ti~ ~{tt¥{ii :ff {cf:,~~ Ji)r~~r II tltE!l ffi ~ ITT Ji)T~L $ ITT 
ffi*®a~~~m~ITT~LffiITT~mITTffi*®ZLo 

9. tlHJJ5tJZ.lLlJt1t1JiJr~ITT - ti~~1tt¥1ii:ff1tf:, ~'ELt§: 
rM~~tfil, ~q1~JiJr~~rll~$It~g~; ~JJz 
L~~~ffil' ~qi~Ji)r~~thHa~lOJiJr~r ~~~ifil' 
~~~~Lffi.filITT~*®W*~qi~~~*ll~Mffi~ITT~~rWITTffi*®o 
10. tlHJJ5tJZ.lLlJt1t9JiJr~ITT-ti~~1tt¥1ii:ff1tf:, ~'ELt§: 
1¥l5G~Mffi~,~~~~~Lffi.fil#H*~~~~~~~m~~ITT~~~mITT~ 

~~~~*ll~Mffi~A~~~~-!¥L5G~Mffi~ITTffi*®~~ffiITTffi*®o 
11. tlHJJ5tJZ.lLlJt1t1JiJr~ITT - ti~~1tt¥1ii:ff1tf:, ~'ELt§: 
$~¥~~~.~~~~~~m~~#H~~~~~tt~, 

~~~~¥~~~ITT~~'ELm~~~~~m~~ITTrW#~~~~~tt~ITTr~~ 

~oo~~J]z~~~~~m~~ITTL$#~~~~~r~~~OO~ITTL~~~OO~,~J]z 
~~r~~~OO~ITTffi*®~r~~*ll~Mffi~ITT~~rWITTffi*®zro 
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12. ~5f~ - tt~~{tt¥{ii:ff{tf:, 'ELtrS: 
tt~, ~'ELtrS~rll ~g~IX~lO-!¥L5Gl45UIX~; 
~m~~.~'E1m¥~~*~a~~tt~ITT~~•5Gl4~1X~LITT$~~m; 
*11~-~~.~~m~a~~tt~ITT~~*ll~~IX~L,~~*ll~-~~'ELm 

~r II t)JJ};t)kj:f ~ 5¥0 ~ tlkl fjiUJk~ MIX~ , Ji)r~~r II tJJJHJkj:f ~ 'ELtrS ffi ~ {~Ll 5¥0 ffi = {~Ll , Ji)T~ ~ tlkl 
iJUJklX~frJiJr~~rll81Jkj:f~ITTW31~Ll; ~lz 

~r II tltE!lffi ~ , ~7J\. JJIJ 3iti JU JiJr~~ ti/ iJUlk~ MIX~ , 
~ ~ JiJT~ ~ tlkl iJUlk~ MIX~ ITT {ij~'EL trS , 
ffi~~MIX~,~ti~~ffi~~M,~lz 
ffi=~MIX~, ~'ELt§l:5JiJr~ffi~~M7G~ ITTffi=~M, 
~~~~*ll~Mffi~l:5~~~m;~m~MIX~ITT~~ffi=~MIX~~M. 
13. tlHJJ5tJZ.lLlJt1t12JiJr~ITT-tl~~1tt¥1ii:ff1tf:, ~~ JiJr~~rlltltE!lffi~ITT{ij~'ELt§: 
r$, ~l:5JiJr~ffi=~MIX~titEll; ~lz 
L$ ,~1'AJiJr~r$3iti:l:tl!M{$, 
~~~~r$~~~L$ITT{ij~A~~L-&£~ITTr.&,~2z 
~~r$ITT~~L-&AT~~L$ITT~~r-&. 
14. tlHJJ5tJZ.lLlJt1t13Ji)r~ITT - tt~~{tt¥{ii:ff{tf:, ~ ~ JiJr~~rlltltE!lffi~ITT JiJr~r $ 

~~~L$3i~~M~#H~~&~~ffi. 
15. tlHJJ5tJZ.lLlJt1t12JiJr~ITT -tl~~1tt¥1ii:ff1tf:, ~~ JiJT~~tlkliJUlk~M IX~ITT JiJT~ 

--~~~~~~~- ~~~~~--~~ft~~ ~~~JV-t iX ~mm xe,~~~JJf--t/l'l--lrJI xe,~~~JY--l/'>1~~ • 

16 . tlHJJ5 txtu Jt1t 12 Ji)r~ ITT - ti~~ {tt¥{ii :ff {cf: , ~ ~ Ji)T~ffi =~MIX ~A~ b~ Ji)T~ 
ffi~~MIX~ITTi*&£ 1J\ITTi*&· 

17. tlHJJ5tJZ.lLlJt1t12JiJr~ITT -tl~~1tt¥1ii:ff1tf:, ~~ JiJr~ffi=~MIX~ITT •&1J\r 
JiJT~ffi ~~MIX~ ITT•&. 

18. tlHJJ5tJZ.lLlJt1t13JiJr~ITT-tl~~1tt¥1ii:ff1tf:, ~'ELt§: 
$~¥~~~.~~~~~~m~~#HJ!~~~~tt~, 

~~~~¥~~~ITT{ij~'ELm~~~~~m~~ITTrW#3i~~~~tt~ITTr~~ 
~oo~~lz~~~~~m~~ITTL$#3i~~~~r~~~OO~ITTL~~~OO~,~lz 

~~r~~~OO~ITTffi*®~r~~*ll~Mffi~ITT~~r$ITTffi*®~r. 
19. ~5f~tLlm-tt~~1tt¥1ii:ff1tf:ITT7:ftt ,'ELt§: 
m~'ELm*11~~1X~~•5Gl4~1X~ITTtt~; 
fr~~tt~ITT~~*ll~~IX~L%~*11~~.~~*ll~~'E1m*ll8m*~' 

fr~~*IIBm*~ITTW3ruITT~m;~m~MIX~,~2z-~~~*118m*~~~~~ 
tlkliJUlk~M IX~ITTr M~~ifil; 

%~~~~~rffi.fil#H*~l:5~~~m;~m~MIX~~MITTffitl;Jru~; 
%~1:5~~*11~~~~*ITT~m~~.~~~m~~'E1m¥~~*~a~~tt~ITT 

JiJr~-!¥L5Gl45U IX~LITT~tlk; 
%~-~~~~m~~,~~*ll~~~~~ffitlffi~ITTLffi.fil; 
%~~~~~Lffi.fil#H*~aft~~ffitlffi~ITTL~M~; 
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*~~~~L~M~aftITT~~ffitlffi~;~H 
frr~M~~~~L~M~~%~*~~M-~,~~~~r~M~~~~~rffi• 

fil, JiJr~~r~titEllffi~7J\.JJ1J ~3itllLlJiJr~~tlk/ijiUJk~M IX~ o 
20. tlHJJ5tJZ.lLlJt1t19JiJr~ITT7:fi!, ~~ JiJr~~1Jk/i,m1Jk~MIX~ITT%~1~H§: 
fflffi-~M~~~~tt~~%~ffi-~MIX~;~H 
ffl~~r~~ffi-~MITTffi=~M~~~~ffi-~MIX~~%~ffi=~MIX~, 
~~~~ffitlffi~%~~~~~~m;~m~MIX~ITT~~ffi=~MIX~~Mo 
21. 11HJJ5tJZ.lLlJt1t20JiJr~ITT1ff!, ~ ~ JiJr~ffitl:ffi~ITT *~*1Ez:tAff, aftJiJT~~tlk/i,m 

ti~ MIX~ ITT JiJr~ffi =~MIX ~ o 
22. tlHJJ5 tJZ.lLl Jt1t20 JiJr~ITT 7:fi!, ~ ~ Ji)r~~r ~~a~ ITT%~ ~trS fr?JT~ r M~~ifil ~ % 

~r~M~,~~r~M~ITT~~a•~~ffi-~MIX~, 
~~ffi=~MIX~fr~~r~M~ITT%~~ffl~%~o 
23. tlHJJ5 tJZ.lLl Jt1t20 JiJr~ITT 7:fi!, ~ ~ Ji)r~~r ~~a~ ITT%~ ~trS fr?JT~ffi =~MIX ~ 

ITT%~~m,a~~rffi•fil~%~r~M~,~~r~M~ITT~~a•~~m=~MIX 
~o 

24. tlz tJJ5 tJZ.lLl ~ * 19 JiJr~ITT 1ff!, ~ ~ JiJr~ r tltE!l :JLlo JiJT~L tltE!l :JL ITT~~%~~ Ji 
~fr[P) r7:f[PJ L~IJ\ITTN'.&o 

25. 1lz1JJ5tJZ.lLl~*19JiJr~ITT1ff!, ~~1§: 

%~~tt~~~m~~3i~~~~tt~ITT¥~~~0 
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11#~:m!t 
cooo1J *0fH& 2zr,5JJ3t~fflGITT -tt~~1tt¥1ii:ff1tf: 2ztLln~JtITT1fi!o 

::11::..§2.-l:±-,l,i 
~ ffl.DVl'-

1/141Jr 

[0002] JtJl~ ~~{t:H{tf: ITT£ r,5JfflfflG& L::JJiJ JEW§ ~~x1t!:~~5fO{fl'tiITT ~* o fr ~~{t:H{tf: 
ITT ti {JG r, 129 7'J ~•P>Gtt~ 1R JEr rfb 1fl'tiITT m~ 129 ~, JiJr ~ ~JJ,J JtJt~.t~:::k ITT fflfflGtt O frffi tJJl 
=-~~ffi~~~:ff#ITTffl1JGr,1297'1~fflfflG&~~~•~tt~•~~~fflITTffi~~JE, 
~~fflfflG&~~ffmOO~%fflGtt**~m:::k~~~o~ffi,~~OO~ffmtt~~ITT~mITT 
I~~47'J=$~~ffi~~~:ff#~AE7fflfflG~~&ITT~~~~o7'17~ffl~~ITT~~, 
~*s~m~T~m-$~IITTtt~•~ITT-$~~~t¥~:ff#o 

£a~IA.I~ 
[ 0003 J R aJHJJ J~, ITT - @ ~ JJTh: 7:f rtJ}Hj¾ 7 Ji~ r'J: ~ ITT fflfflG * Lt ITT - ti~~ 1tt¥ {ii :ff {tf: 2z 
tLlm~ITT1fi!o 
cooo4J tlztlisRS)j fiJJ~,ITT-®~JJTh:7:frt:, -5¥~ - tt~~1tt¥1ii:ff1tf:PT~ ~ti: tt~, ~~ti 
*~~~~~~·~~~~~;~m~fiJ,~~m¥~~*~frtt~ITT·~~~~~LITT 
g;~~tl; ~r~J2'.$It~g~, ~1i1t1j¾frtt~ITT ~"~ ~g~~~L, ~r~J2'.$It~g~~1iti~~m 
-~MITT ffi-~ M ~ ~; ~r ~ titEllffi ~, ~JitllLlffi-~ M ~ ~; ~ lzffi=~ M ~~,~fr 
ffi-~M~~~*~~Mffi~~~,ffi=~M~~~m~ffi-~M~~ITTffi=~Mo*~ 
~Mffi~~m~Mffi=~M~~ITTr$~Mr$3i~M~ITTL$,r$~L$ITT~~ITTr 
•tt~f~L-&,#Hr$ITTL.&:::kfL$ITTr•tto 
cooo5J tlztlisRS)j fiJJ~,ITT-®~JJTh:7:frt:, -5¥~ - tt~~1tt¥1ii:ff1tf:PT~ ~ti: tt~, ~~ti 
*~~~~~~·~~~~~;~m~fiJ,~~m¥~~*~frtt~ITT·~~~~~LITT 
g;~~tl; ~r~J2'.$It~g~, ~iittfj¾frtt~ITT ~"~ ~g~~~L, ~r~J2'.$It~g~~1i~r~tJJJH1 
j:f ~ 5¥0~ ti/ lffiffi ti~ M ~ ~ , ~r ~ tJJJHlj:f ~ ~ t§ffi-{~~ 5¥0 ffi = {~~ , ~ ti/ lffiffi ti~ ~fr ~r ~ tJlfr 
ti Ji~ ITT WH~~ ; ~ lz~r ~ titEll ffi ~ , ~ 7J\. JJIJ Jiti JLl ~ ti/ i,mtl~ M ~ ~ o ~ ti/ i,mtl~ M ~ ~ 
ITT~~~m~~~ffi-~MITTffi-~M~~~2z~m~ffi-~M~~ITTffi=~MITTffi= 
~M~~o~r~titEllffi~~~tl/i,mtl~M~~ITTffi=~M~~titEllo 
cooo6J tlztlisRS)j fiJJ~,ITT-®~JJTh:7:frt:, -t~tLlm - tt~~1tt¥1ii:ff1tf:ITT1fi!PT ~~ti: 
m~~m*~~~~~~·~~~~~ITTtt~;frf't~ITT*~~~~~L%fflG*~~;tig, 
~r ~ ~afiJ~1i~r ~ tJJJrtlJt~, fr~r ~ tJJJrtlJi~ITTW31~~ ITT~tl/1,mtl~ M ~ ~, ~2zq1~~r ~ 
tJJJrtlJt~lo~tl/1,mtl~M ~~ITTr M~~tfil; %fflG~J!r M~~tfil#7J\.JJ,J~~tl/i,mtl~M ~ 
~~MITTffitttru~;%P>G~*~~fiJ~~*ITT~m~fiJ,~m~fiJ~m¥~~*~frtt~ 
ITT·~~5U ~~LITT ~ti; %fflGql~~tl~afiJ ,~r~~afiJ5¥0ffitl:ffi~ITTL~~~ifil; %fflG~J! 
Lffi.fil#*~aftffitlffi~ITTL~M~;*~~L~M~aftITTffitl;Jru~;~lzfrr~ 
tEll :JLlO L titEll :JL ~ % P>G ~r ~ titEllffi ~' ~r ~ titEllffi ~7)\. JJIJ ~ Jiti JLl ~ti/ lffiffitl~ M ~ ~ 0 
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1311 I!! i-~ a~ 
[ 0007] 7F iYLl ~ JJTh:7:f A~~ 83 ~ r ~a if [)ff 00 ITT r~ ~Mi J1 ti£ lit J!:1:tl?JJ.fij~ 0 [)ff 00 :ZZJF ~□ frlltJiJr 
J1 ITT~ F ~~ tHi ITT JF iYLl ~ JJTh: 7f rt: o 
[ 0008 J i5t l3}j ~ J~, PT ~ l;& JJz - ti :1ff li'. ITT ff {ii l¥L JG o iJLl ~□ , i5t l3}j ~ J~, PT ~ l;& JJz ~□ ~ 00 ~tu~ 
7,679, 133~ -~8, 553 ,466~-~8 ,654, 587~ -~8, 559, 235~ ~JJz~OO ~tu03f~2O11; 
0233648~~ 0:ffITT-ti:1ff li'.ITTfffii-!¥LJG, ~tfi'ITT~$17'J ~iffitt 51 fflfrlltifJt o 
[ 0009 J 00 1 ~ tlHJJ5 * i5t l3}j ~ J~, ITT~@~ JJTh: 7f rt: ITT - ti~~ 1tff {ii :ff {cf: ITT 1HH100 o 
coo10J oo 2A~OO 21 ~moo 1 ITT~r - r, ~~ITT tfHlOO, ~JF tBtlHJJ5*i5tS)j ~J~,ITT~®~JJTh: 
7:frt:ITT~m-$~~~ff~:ff#ITT7:f~o 
[0011J 00 3A~ 00 3C~JF t±:!tlHJJ5*l5t l3}j ~ J~,ITT~®~JJTh:7:frt:ITT - ti~~{tff{ii:ff{tf:ITT ~ 
$ 7J\. ( iJLl ~□ 00 2 J ITT $ 7J\. "A" ) ITT JJJC::k tfU fl 00 o 
[ oo 12J 00 4A5f□ 00 4B~JF tB tlHJJ5 * i5t l3}j ~ J~, ITT~@~ JJTh: 7J rt: ITT - ti~~ {tff {ii :ff {cf: ITT~ 
$ 7J\. ( iJLl ~□ 00 2 J ITT $ 7J\. "B" ) ITT JJ)[ :::k tfU fl 00 o 
[ oo 13 J 00 5 ~JF tB tlHJJ5 * i5t l3}j ~ J~, ITT~@~ JJTh: 7f rt: ITT - ti~~ 1tff {ii :ff {cf: ITT~$ 7J\. ( iJLl 
~□ 00 2 J ITT $ 7J\. "c" ) ITT JJ)[ :::k tfU fl 00 o 
[0014J 00 6A5f□ 006B~JF t±:!tlHJJ5*i5t l3}j ~ J~,ITT ~5f~~JJTh:7:frt:ITT - ti~~{tff{ii:ff{tf:ITT ~r 
II ~J~ IX~ ITT 1HH100 o 
[0015] 00 7 A~ 00 7H~JF t±:!tlHJJ5*i5t l3}j ~ }~,ITT ~f~~JJTh:7JAITT tum - ti~~{tff{ii:ff{tf: 
ITT 7:f f! ITT tfU fl 00 o 
[0016] 00 8A~ 00 81 ~JF t±:!tlHJJ5*i5t l3}j ~ }~,ITT ~f~~JJTh:7JAITT tum - ti~~{tff{ii:ff{tf: 
ITT 7:f f! ITT tfU fl 00 o 
[ oo 11J 00 9~ tlHJJ5 * i5t l3}j ~ J~, ITT~ 5¥~ ~ JJTh: 7f rt: ITT - ti~~ 1tff {ii :ff {cf: ITT tfU fl 00 o 
[0018] flli~, ±3: ®[)ff 00 ~ frJF t±:\ ~®JFiJU~JJTh:7JA ~ tu fflITT7:ff! ,~a~5f□ /mzt,tf]j.ITT~ 
~ ~ ·~i , * _§_ * r ft r TiiLrl {j¾ ITT 4& 00 Mi J10 rt rm ' ±3:@ [)ff 00 ::;f ~ ~ b~ iJLl ~ tu ITT ' * _§_ pJ ~ ::;f fl 
~~&~ffw~~~JJTh:7frt:ITTff~~~mztt~~fil,Jtll7f-m~m~~~~mz~~837F~ 
~JJTh:7:f rt:lEEI~ITT {1imz·~i~ ITT ffill O iJU~D '~ TilJ! '73\.-=f ,fil' IX~l□/mz~a~JG{tf:ITT ;t§X't JJ 
~~~lr.PT~~~~mz~:::koffl~mzffl~ITTfflOO~filfr~#~~ITTfflOO~ITT~ffl~fr:zzJF 
t§ 11;Jmz t§ ~ ITT JG 1tt: mz ~ 1-iE ITT ff fr 0 

~1*~~~jj"~ 
[ oo 19 J JJl fr~~~~~~ ~ JF tB JF iYLl ~ JJTh: 7f rt: ITT [)ff 00 £ ~ 00 :1:tl! Mi :t1* i5t l3}j ~ J~, ITT JF iYLl ~ JJTh: 
7:frt:o 
[0020J 001 ~tlHJJ5*i5t l3}j ~ J~,ITT~®~JJTh:7:frt:ITT - ti~~1tff{ii:ff1tf:ITT 1HH100 o 00 2A~ 
00 2J ~moo 1 ITT~I - I' ~~ITT tfUflOO, ~JFt±:!tlz1JJ5*i5tS)j ~}~,ITT~®~JJTh:7:frt:ITTtUm -ti 
~ ~ 1tff {ii :ff 1tf: ITT 7:f f! o 
coo21J ~~~oo 1l□ 002A, H ~1OPT~ 'EL1§J¥LJG[i$5Ll 1X~cAR,JlHl1X~cNRl□ ~r11 ~g~1X~ 
PCR o 3iti IX ~CNR PT~ {:tr r J¥l JG[i$ 5U IX ~CAR-'=5 ~r II~ g~ IX ~PCRZ fa] o 
[0022J H ~lOPT~ 83 Ji~ ~~{t·~i~ ITTtJ14 ( 1JU~Dlis1 J=,) , M~~f;t,rf4 ( iJU~□Jlz~H ~) , 
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~~fflffi-~M-~ITT~~~~~~~M%~,~~~mA~~~~ttMITT~M(~~li 
s1 Jt) , ~~~i1J14 ( iJu ~□Jiz~H ~) , ~~ ffl ~~~i1Jf4-~ ITT~ ~1t~ ~1t1J14 o 1Ju ~□, H ~ 1 o 
m~~~~m~~mA~ffi-~~ttITTli~J=,o 
coo23J m r ri'iJ t¥1it-!¥L JG~ Jdt~Jm ~1'At¥1it-i¥L JG~~tf1Ji5ITT ~r II J2'.$It~ g~ m ~ ~iYu~□m 
~%~frf't ~lOITT ~r II ~j~[X~PCRL O ~rllJ2'.$j~g~m ~ ~t§fffij~f~:ff5f□ 5LJfij~f~:ff, :!JUI 
{rp :ff 5¥□ I~ 1~ tLl ~ g~ o iJU ~□ , ~r II J2'.$l ~ g~ m ~ ~ trS ~ Ji :fl JLl t¥{ii-!¥L JG ITT NM OS 5f□ PMOS s11t 
~,~~Ji :ff 5¥□ ~ ~:ff o 
[0024] iJU~D, :ff{tf:~~ ~fil 12m ~%~frf't ~lOITT ~rll ~j~[X~PCR~ ~ ~~JE~~[X~ 
ACT O ~rlltJJJHJkj:fii:PGsm~aH ~lOITT ~rll ~j~[X~PCRL%~7'J:'x:x. ~~[X~ACT 0 
[0025] ~rlltJJJHJkj:fii:PGsm ~ ~t§)i[gU'f:1:tl?.iiii:frf't ~1o_tITT ~rlltJJJHJk~~~ffil21,ti~g; 
s1lifil23 ,tJlfrtlk~~fil255f□EJ¾Hlfil27 o ~r II tJlfr1Jk~~~ffil21 m ~ ~~~m ~ ~t§li-{ttm 
filoli-~~film~~tt~-~I~%~oli-~~film~~tt~N*~r~I~~%~o 
fa] ~~tmm ~%~ft~rll tJlJrtJkJiii:PGSITTW3~{~fzzffi _t, :3f Jl~1Jk/iJUJk~M ix~13m ~~tt 
fr~rlltJlfr1Jkj:fii:PGSITTW3{~Llfflffi-~M:ti~~~!X~ACTrm%~offi-~Mm~~1'A~1Jlzz 
ITTI II~~:lztrlITT JG~, iJU~DM~ offi-~Mm~~1'A~1Ji:zzITTV~~:lztrlITTJG~, iJU~D~~~ 
E$0~1Jk/iJUJk~M!X~13m~ffl~-=fiiAI~%~oiYLl~□ ,~1Jk/iJUJk~MIX~l3m~fflr,5J 

~ ifit ~ -=f iiAI ~% ~ 0 iJU~D '~tlkliJUlk~ MIX~ 13m ~ ffl~ ~ -=f{tm M:ti~ I~%~ 0 
rt rm' R SJHJJ }~,::;;r-~~ T lf:L 
coo26J a~rllJ2'.$It~g~ITT%~zm, ti~H~ Jtfil31l□ ~rll ~~~tfil33m~aH ~1o_t% 
~, 1Ju ~□ J@ur::1:t1?.% ~ 0 ti~u1~ Jtfil31 m ~ timl~ ~ ~%:1:tl?.•~~r II J2'.$It ~ g~ 0 ~r 11 ~~~tfil33 
m ~ ~ 1i g; ~~~ ~t fil ( 1Yu ~□ ~ 1i@• 1i tm fil, @ffl 1i tm fil, @m• 1i tm fil 5¥□ 1[£ k ~ * M fil ~ 
ITT~d>-~) o 
[0027] ~ ~~ 0015¥□ 00 2B' ffi- r:fifijEl(JL33a m ~ti%~' ~-~r II tJlJrtJkJiii:PGS' * _§.ffi= 
r:flmE!l:JL33b m~ti%~, 7J\.JJIJ~ft~1Jk/iJUJk~M [X~13o 
[ 002sJ ffi- r :tlmE!l :JL 3 3a5f□ ffi = r :tlmE!l :JL 3 3 b m ~ ~tt a ~r 11 ~~ ~ifil 3 3 _t % ~¾HJ 00 ~ 
(:5KJF tB) rt J§ti~Ll iJu ~□ ~ ri'iJ ff tt:1:tl?. ti~Ll ~r II~~ ~f fil3 3 rm%~ o ffi- r :tlmE!l :JL 3 3a m ~ % ~ 
7'J~-~rlltJlfr1Jkj:fii:PGSITTtJlfr1Jk~~fil25, ffi= r:flmE!l:JL33b m~%~7'J$73\.j:tg~ft~1Jk/ 
iJUJk~MIX~13o 
[0029J ffi- r:flmE!l:JL33a5f□ffi= r:flmE!l:JL33bITT{ij~ m ~A~b~_tN:tt]~>J\ITT rN'.& o 3 
ffi= r:flmE!l:JL33b1Bz:%~at, H ~1OITTTP1:zzffim ~~tt~rPJ :FPtHi~LlI ~rmtffi'.[!!]Ao 
[0030J a-@~JJTh:7:frt: ~, affi- r:flmE!l:JL33a5f□ ffi= r:flmE!l:JL33bITT%~zJ§, mi&~ 
M1X~1sm~~ttfflffi=~M:ti~~1Jk/iJUJk~MIX~l3rm%~offi=~Mm~~l:5ffi­
~MITT5f~~::;;r-~ ITT5f~~ITT~M, :ff Jl m~ ~t§iYU~D~ (C) ,ffl (N) ~- (F) o 
[0031J mi&~M1X~1sm~fflffi=~Ml□ffi-~M~:ti~omi&~MIX~15~ITTffi=~ 

M ITT1:&Ltm ~JJ\T~tlkliJUlk~ M [X~13 ~ ITTffi-~M ITT1:&lt O 1Ju~□ 'mi&~ M [X~15 ~ ITT 
ffi=~M ITT1:&Ltm~ 1J\-~tf;~ -~JL~tf;~ o 
[0032] mi&~M [X~15ITT%~m~ ~trS~~ffi=~MiiAiLlH~lOITT 83 ffi= r:flmE!l:JL33b 
~-ITT$7J\.~ 0 ~D003A~ JiJTJF 'mi&~M ix~1sm~%~Y'JA~b~~1Jk/ijUJk~M [X~13ITT 
i*Lt:~}~ITTi*&o~ g z, mi&~M1X~1sm~%~affi= r:flmE!l:JL33b~II o 
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[0033] fr~®~JJTh:7:frt: ~, ~□ 003B~ JiJTJF, mi&~~ IX~15PT~fr~1Jk/ijiUJk~~ IX~13 
ITT%fflGzJ§ * llft~rll M~~1fil33ITT%fflGzfrrti%fflG omi&~~ IX~15PT ~iiU11iffl ~-=ffi 
AI Z:~~ ~~ ~ ~iiAiLlH ~ 1 o ~, % fflG~1Jk/i,m1Jk~ ~IX~ 13, rtJ§1f ffl-'=5 ffl r~1Jk/i,m 
1lk~~ IX~13ITT ~ -=fiiA¾HJ;t§~ ITT ~-=fiiA¾HJ~~ ~=~~fjfiAiLl~1Jk/i,m1Jk~~ IX 
~13~ rmti%fflG O ~=~~PT~ m ~~~11itmz1[£~ 11itJiAtifiAJLlm1&~~ 1X~15~; rt 
rm, R aJHJJ J~,::;;r-~~ r lf:L 
[0034] mz~, mi&~~ IX~15PT~-'=5~1Jk/i,m1Jk~~ 1X~13~JEQtffi'.%fflGo iJU~D, 3~1Jk/i,m 
1Jk~~IX~13%fflGSt ,~~~~5f□~=~~PT~tffi:~JEQf±AiLlf't~lO~ o 
[0035] ~ ~~0015¥□ 00 2c, ~ttlru~fil415f□~tHaJ ~tJtfEfil43PT ~frJl~~~ r:titEll:JL33a 
5¥□~= r:titEll:JL33bITT ~rll M~~1fil33_l)1[9U'f:l:1P.%fflG~t?J>JITT JJ.fjt 0 
[0036] ~ttlru~fil41 pJ~ 83 ;t§Mr~rll ~~~1fil33Jl~ti~Ll:i&1lt!:ITT1J14%fflG, ~tHaJ~ 
tJtfEfil43 pJ ~ 83 ;t§ X'JT~ ttlru ~ fil41 Ji~ ti~Ll:i& 11 ti: ITT ;t,t 14 % P>G O ~ ttlru ~ fil41 pJ ~ 83 iJU 
~□ $ s1 titfil , tit fil , 'ft fil mz tit 'ft fil % fflG , mz ~ 1~H§ iJLl ~□ $ s1 titfil , titfil , 'ft fil mz tit 'ft fil o ~ ti: 
raJ ~ tJtfEfil43 PT~ 83 iJu ~□tit• 1i tm fil % p)G , mz ~'EL1i1Ju ~□tit• 1i tm fil 0 
coo31J ~ttlru~fil41 PT~ 11mJi~ B!Pf '6' ~frql~tl:~ITTml~I z: ( 1Ju~□11m1t"¥=~t§m 

t~ (CVD) mz~-=f filmt~ (ALD) IZ:) 1ffi'.mf~oi3:1IL~ttlru~fil41ITTJJ.&PT~b~~~r:titEll:JL 
3 3a5f□ ~ = r :titEll :JL 33 b ITT _l N: /3t ITT :::k t/,J ~ ~ :~>J\ o 1!1 llt , ~ ttlru ~ fil41 PT~ t?J >J :l:ti?.qi ~~ 
~ r :titEll :JL 3 3a5f□ ~ = r :titEll :JL 3 3b ITT P9 :zz 00 , * Jl PT~$ 73\.:l:tl?.tJtfE ~ ~ r :titEll :JL 3 3a5f□ ~ 
= r :titEll :JL33b O fr~@ ~JJTh:7:f A~ '~ttlru ~ fil41 pJ ~ -'=5 mi&~~ IX~ 151Ui:titEll O am 
i&~~ IX~157f-1Bz:%fflGITTtilJG r '~ttlru~fil41 pJ~-'=J~1Jk/i,m1Jk~~ IX~131Ui:titEll 0 
[003sJ ~tHaJ ~tJtfEfil43PT ~a~ttlru~fil41_lml~ oft~®~JJTh:7:frt: ~, ~tHaJ~tl 
fEfil43PT ~ %fflG7'JtlJEffl~ttlru~fil41qi~ITT~~ r:titEll:JL33a5f□~= r:titEll:JL33b o 
[0039] ~~~0015¥□ 002D, a~ttlru~fil415f□~tHaJ~tlJEfil43ITT%fflGzJ§, f:IB1tIZ:PT 
~ 1ffi'.tAff '~ -~r II ~~~1fil33 ITTT,91:zz 00 0 [!I llt' ~ttlru ~425f□~tHaJ ~ j:j; ft 00 ~44 pJ ~ % P>G 

a~~ r:titEll:JL33a5f□~= r:titEll:JL33bITT{ij~~ o 
[0040] lltJ§, ~rll ~~~1fil33PT ~ti00~1t~%fflG~ftH ~1OITT-!¥L5Gl45U IX~CAR5fD3iti 
IX~CNRITT ~r II ~~~100~35 oif 7'J~r II ~~~100~35ITT%fflGITT~a ~, ~r IIJ2'.$:1Ha~PSTRPT ~% 
fflGfrf't ~lOITT ~r II ~j~IX~PCR_l' * _§_±3:]!_ '~rll J2'.$:1Ha~PSTRPT ~ 'ELtrS~r lltJJJHJktiii: 
PGS -~1Jk/i,m1Jk~~ IX~135f□~rll ~~~100~35 o 
coo41J ~~~oo 15¥□ 00 2E, a~rll ~~~100~35ITT%fflGzJ§, titu~a~11OPT ~%fflGaH ~10 
ITT 1¥l 5G 14 5U IX ~CAR5f□ 3iti IX ~CNR_l o 1J tLl ~a~ 11 OPT~ 'EL 1§ti ii: iJLl ~□ 5t ~ :1:tl?.ti ii: fr f1 ~ 
1OLITT~tl:filSL5f□~~~1fil ILDo 
[ 0042] ati tLl ~a~ 110 ~ , ~ tl:filSL PT~ 83 ~~ ;t§ X'JT~~ ~1fil I LD ~ r,5J ti~Ll:i& 11 tUi ti~Ll ITT 
;t,t 14 % fflG , mz ~ 'EL trS ~~ ;t§ x1 r ~~ ~1 fil I LD ~ r,5J ti~Ll :l& 11 ti: ti ti ~Ll ITT ;t,t 14 o 1t 7'J JF iYLl , ~ ti: fil 
SL PT~ 83-'=5~~~1fil ILD7G~ ITT~~~1tJ14%fflG o iJU~D, ~tl:filSL PT~ 83titffl1ttmfil%fflG, ~~~1 
fil ILDPT~ 83tit-1ttmfil%fflG o~tl:filSL PT~Jl~lt~;t§~ ITT JJ.fjt, :3f Jl~~~1fil ILD~ ITT~ 
y~~ PT~Jl~ -'=5~B~~~1fil ILD7G~ ITTJJ.&o 
[0043] iJU~D, 1JtLl~a~ 1 lOITT%fflGPT ~ 'ELtrSfrf't ~lO_l%fflG~~ 5t ~:l:tl?.tiii:~tl:filSL5fD 
~~~1fil ILDITTfil~~a~ ,:ff Jlx1 fil~~a~tAff11t!fIZ:0±3:1!. ,1,t!fIZ:PT~ 'ELtrS~ r WJJJ: 
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fr1¥'-5Gl45UIX~CARlP1HilX~CNR_l%fflGql~fil~~a~ITT¾HiOO~ (:5KJFt±:!) ,1fJ=l:Httioo 
~~~~~~ffl~~fil~~~-~~~fflOO~~~~~fflOO~ITTfOOOO~-~H*~~ffl 
OO~ofr*~*~tiOO~ITTW!JlzfrJ ,ti~Llfil~~a~lo~tiOO~ITTWJJIPT~tim2[~-=f1JZo 
[0044] 1t ~1,t!f I Z: ITT ~a~' ti tLl~a~ 11 OPT~ 1'A1¥'-5Gl4 5U IX ~CARM 1$ JLl 3iti IX ~CNR' 
* _§. pJ ~ fr3iti IX ~CNR_lJllHfri'J~a~ 0 iYLl ~o 'ti tLl ~a~ 110 pJ ~Ji~~ r,§1 Lt fr!j!Ji rPJ ~r II 
~J~IX~PcRITT7f rPJ _t~-§' ~fr~7frt:~1J\ITT~fr1t~a~ otitu~a~ 11OPT ~Ji~r~~rll ~a~ITT 
¥1L r,§1 tt£:::kITT ¥1L r,§1 tt o 1Yu~o, titu~a~ 110ITT ¥1L r,§1 ttPT~:::krmz~r~rll ~a~ITT r,§1 tt 
ITT :::k t/,J 21if o 
[0045] llt~r 'fr%fflGtitu~a~ 11 OITT 1,t!f I Z:Jt)i fa]' $,&fa] ~~tmDSPPT ~%P>Gfr~r II M~~i 
00 ~35ITT {~fzz 00 _t O $,&fa] ~~tmDSPPT ~ ~mz~ pJ ~ ~trS~tl:filSLlO~~~ifil ILDITT **i ~ rPJ 
ff ti: ti~Ll I z: ti~Ll ITT Ju~$ 7J\. o 
[0046] ~~~00 ll0002F, _t f:l:B 1t~~~ffil5OPT~%fflG~ql~Ji1j¾~titLl~a~l lOITTf't ~ 
1 o O _t f :l:B 1i~~~tfilso PT~ M 1$ ~ ::;;r-1iq1 ~ ti tu ~a~ 11 ow 1l q1~~r 11 ~a~ , * 1l PT~ Ji~ 
~* _t f :l:B ITT J,91* 00 o _t f :l:B 1t~~~f fil5O PT~ 83 ;t§ Mr~ tl:filSLJl~ ti~Ll:i& 11 ti: ITT ;t,rf4 % 
p)G 0 

[0047] frL f:l:B1t~~~ffil5OITT%fflGZJ§, ¥1L~a~VSPT~%fflGfr1¥'-5Gl45U IX~CAR_l, ~ 
J!ti tu ~a~ 11 o o 3 fr 1HH1 oo ~ii~~~ at , ¥ 1L~a ~vs PT~ fr~ IE 7:f ri'iJ _t mz ~ ~ z '¥ % %~ 
:1ff li'. 0 

[0048] llt~r, fr¥H~a~VSITT%fflGJtJifa], $i&¥1L~a~DVSPT~fr3itilX~CNR_l%fflG~ 
$73\.:l:tl!~J!titu~a~l lO0$i&¥1L~a~DVSPT~Jl~ -'=5¥1L~a~VS~*;t§~ ITT~a~ '* _§. 

PT~%fflG~~J!~tl:filSLITTftw$ o 
[0049] ¥1L~a~VSlO$i&¥1L~a~DVSITT%fflGPT ~ ~trS%fflG~J!titu~a~ 11O:ff~ftH 
~lOITT ¥1L:JL, ~Hfr¥1L:JLITT{ij~~%fflGr ~~1t00~LSPlO_l~~1t00~USP 0±3:1!., ffl 
rr~~1t00~LSPlO_l~~1t00~USPITT~~1t;t,tf]j.pJ~Jl~1~Jlt::;f~ITTs11t~a~ofr~ 
®~JJTh:7:f A~, r ~~1t00 ~LSPPT ~ Jl~tt%~, * 1l r ~~1t00 ~LSPITTT,91* OOPT ~ {tr 
r~rll ~g~IX~PCR_lITT~ttlru~42ITTTP1*00z r ollt~r, ~~moPT~%fflGfrL~~1tOO 
~USPITT{ij~ITTT,91$~ o~~mDPT~~ti~~ ~~ITT~~IX~ ,mz~PT~ 83 ~~;t,rf4%fflGo 
~~~~~005£vMffi:1:tl!Mi:t1¥1L~a~VSlO$i&¥1L~a~DVSo 
[0050] ~~~ 00 ll0002G, ~~ filfaJ ~~~ffil6OPT ~%fflGfrL f:l:B 1t~~~tfilso_tjf Jl PT ~qi 
~¥1L~a~VSlO$i&¥1L~a~DVSITTTP1*00 0 

[0051] fr~~ filfa] ~~~ffil6OITT%fflGZJ§, ~~I Z:PT ~ ffl ~tlkEL~~~tl:filSL1ffi'.tA1T o 
1t ~~~I Z: ITT ~a~ , ~trS 5t ~ :1:tl!:l:i ii: fr H ~ 1 o _t ITT~ tlkELlO ~~ ~ifil I LD ITT ~ tlk~a ~ s TpJ 
~ ti% p)G O ~ tlk~a~STPT ~ fr3iti IX ~CNR_lJl~~fri'J~a~ 0 
[0052] ~~I Z:PT ~ ~tr5fr1¥'-5Gl45U IX~CARl03itilX~CNR_l%fflG~J!~~ filfa] ~~~i 
fil6O, _t f :l:B 1t~~~f fil5Oloti tLl ~a~ 11 Ojf ~ ftH ~ 1 o ITT ~1J1t o ~~I z: PT~ ~t§* ~* 83 ~'lJ 
1t~ft ITT~tl:filSL~ fr~~~ffil ILDZfaJ %fflGtJJJHJklX ~, ~H7J\.JJ!JfrtJJJHJklX ~ ~ %fflG ~tJkEL o 
[0053] ±3:1!., ~1J1tPT~fr~~7:fri'iJDl_lfil1$:3t _§. pJ~fr5tx.~~7:f ri'iJD1 ITT~=7:frPJD2_l 
1~lltfaJ~~3f ofr~®~JJTh:7:frt: ~, ~1JttPT~Jl~~d>W3~7G~ ITT*&,* Jl PT~%fflG~ft it 
titu~a~l 1Ofr1ffH100 ~Jl~iJU~O~*_t "H" %ITT~a~ 0~1J1tPT~-'=5¥1L~a~VSfa]~~7T' * 
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_§. PT L;)JJ~ fflG 7'J ~ft~ tl:filSUfO ~~ ~f fil I LD ITT {~U :zz 00 o 
[ 0054 J tJlfr ti IX~ ITT% fflG PT ~ ~ t§ 11 J=l:BtiAl 7'J ;t§ x1T_tf:l:E31t ~~ ~1 fil 5 o, ~~ ~ifil I LD, ¥ 1L 
~a ~vs 5¥0 H ~ 1 OJl~lgt~U :lztrl ti: ITT t_gr~u We 7:DI~ ~ rPJ ~ tl::1:tl?Jgt~U ~ tl:filSL 0 

[0055] ~ tlkELITT %fflGPT ~ ~trSfrJl~tJJJrtlklX ~ITTtltLl~a~ 11 o_t)1[9U'f :l:filmf~~li t~~~fil 
~~~fil-~ffl~ri'iJ~tt~~~m~fr~fflITT~:zzOO_tITTm~~~fil~~~filom~~~ 
fil pJ ~ 83 ~~ffl{ttmfil ( iJU~OTiN, TaNmzWN) %fflG o ~~fil pJ ~ 83 ~~;t,rf]j. ( iJU~OW ,Al, Ti, 
Ta,comzcu) %fflG o 
[0056] fr~®~JJTh:7:frt: ~, fr~tlkELITT%fflGZlW, 7]( f~~~f OO~HPPT ~1Bz:%fflG~j¾%:1:tl?. 
qi~tJlfrtlk IX~ ITT~ :zz 00, ~o 00 5 ~ JiJTJF o 7]( f ~~~i 00 ~HPPT ~ ffl 1fNAND IAJ J! t¥{ii s11t'l'f ITT tf 
1h5 t¥{ii fil ITT ~w7J\. 0 7]( f ~~~i 00 ~HPPT ~ ~mz~ pJ ~ ~trS r,5J k ~ * ~;t,rf]j. ( 1JLl ~ot§• 1t tm 5¥0 
~-1t tm) ~ITT~ t~ o llt~r, fr7-k f ~~~i 00 ~HP ITT% fflGZlW, ~-1t tm fil PT~% fflGfr r ~ ~ 
1t00 ~LSPITT {~U:zz 00 _to 
[0057] llt~r, 0j¾~tlklX~CSRPT ~%fflGfr83 ~1gtt~ftITTH ~10~ o 0j¾~tlklX~CSRPT 
~fr~~ 7J rPJ D 1 _tfil {$ 1H~llt f ff, :3t Jl PT~ fr~= 7J rPJ 02_t 1~llt fa]~~ 3f o 0j¾~tlk IX~ 
CSR PT ~iiU1ffll:5H ~lOITT ~~::;;r-~ ITT~~ITT ~~ti~H ~lOYm%fflG o 0j¾~tlklX~CSRPT 
~ ~ 13-n~~ ~ ( 1YLl~O~$ (As) mz~~ (P)) o 

[0058] ti~,~~~ 0015f0002G, fr~tlk~a~STITT%fflGZffl, ~~ filfaJ~~~ffil605fO_t f:IB 1t 
~~~ffil50PT~ti00~1t~fr3i1ilX~CNR_t%fflG1¥'-51AitEll:JL50c,:3f llfr~r[l~j~IX~PCR 
L%fflG_ttitEll:JL50a5f050b o 
[0059J 1¥'-5GtltE!l:JL50c ~,&_ttitEll:JL50a5f050bITT%fflGPT ~ ~trSfr~~ filfaJ ~~~ffil6o_t% 
fflG ttUl 00 ~ (:5K JF tB) , ~ 2z ~ ri'iJ ~ tt:1:tl?. ti~Ll ~ ~ fil faJ ~~ ~i fil 6 o lo _t f :IB 1t ~~ ~1 fil so o fr~ 
®~JJTh:7:frt: ~, 1¥'-5GtltE!l:JL50c ~,&_ttitEll:JL50a5f050b PT~~ at%fflG, 1B 'jj:_ a)j ~J~,::;;r-~~ T 
lltofr~®~JJTh:7:frt: ~, 1¥'-5GtltE!l:JL50c~ ITT~®pJ~ti%fflG, rtffl, _ttitEll:JL50a5f050b PT~ 
1:51¥'-5GtltE!l:JL50c ~ ITT ~B1¥'-5GtltE!l:JL~JEQ%fflG o fr~®~JJTh:7:frt: ~, _ttitEll:JL50a5f050b PT 
~!5tltE!l:JL50c~ ITT~®~JEQ%fflG, rtffltitEll:JL50c~ ITT ~BtitEll:JL PT ~ti%fflG o 
[0060] fr~®~JJTh:7JA ~ '1¥'-5GtltE!l:JL50c PT~7J\.JJIJ%fflG7'Jfr3i1ilX~CNRL~ft~1JkEL 
ITTftw$ o1¥'-5GtltE!l:JL50c PT~Jl~1~llt7G~ ITT ¥1L *Lt,~~ ¥1L *lt~fr¥1L TH ~lOITT 
r,m :zz 00 ITT 7:f ri'iJ _t ~~u; ITT *Lt o 
[0061] fr~®~JJTh:7:frt: ~, 3_t:J'itEll:JL50a5f050b1Bz:%fflGSt, _t f:IB 1t~~~ffil50PT ~ ~trS 
1:5 ~ti: faJ ~ tl ft 00 ~44;t§ ~ ITT ;t,rf4, * 1l PT~ 1:5 ~ti: faJ ~ tl ft 00 ~44~,EQtffi'. ti~Ll o fri3:t~ 
ti;£ r, _ttitEll:JL50a5f050b PT~~ft~ttlru~42o 
[0062J fr~@~ JJTh:7:f rt:~ , _t titEll :JL50a5¥o sob PT~ Ji~ 1J\ T 1¥'-5GtltE!l :JL50c ITT¥ 1L 1*& 
ITT ~A 11 ITT¥ 1L 1*& o llt~r , _t titEll :JL 50a5¥o 50b ITT¥ 1L 1*& PT~ AT r titEll :JL ( iJu ~o ~ ~ 00 
2BITT 33a5f033b) ITT ¥1l1*& o iJu~o, _ttitEll:JL50a5f050bITT r,5J N: b~ PT ~AT rtitEll:JL ( iJu~o~ 
~002BITT33a5f033b) ITT r,5J N:b~ o ep{f 3~rPJ ~tHi~LlIZ:tifflT%fflG_ttitEll:JL50a5f050bSt, 
_ttitEll:JL50a5f050bITT{ij~ PT~ Ji~ b~ r N'.&£AITT _t N'.Lt o _ttitEll:JL50a5f050bITT r N:&PT 
~ 1J\ Tr titEll :JL33a5f0 33b ITT _t N: Lt o llt~r, _t titEll :JL50a5f0 50b ITT {ij~ ITT r N:&PT ~ AT~ 
tl:faJ ~tlftOO ~44ITT _tN:tt o 
[ 0063 J ~ ~~ 00 15¥0 00 2H, 83 _t titEll :JL 50a5f0 50b~ ft ITT~ ttlru ~42PT ~ti~~* , ~ ft r titEll 
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:JL33a5f033bl¥J 17'] * 00 0 fr~ttl'E!Hl421Bz: ~~* 1¥Jtf ;£ r' r:titEll:JL33a5f033b pJ ~7J\.JJIHEz:3iti 
JLl_t:titEll:JL50a5f050bo 
[ 0064] fr~@~ JJTh:7:f A~ '~ ttlru ~42 l¥J ~ ~* pJ ~ ~ trS11 J=l:BtiAl 7'J ;t§ X'JT ~r II~~ ~i 00 ~ 
35Jl~ti~Ll:lztrltl:1¥Jti~LlWc7:f ~rPJ :FPtl:mz~ri'iJ ~ tl::1:tl?.ti~Ll~ttlru~42 0 

[0065] 1f 7'J~ttlru~421¥J ~~* 1¥J~a~, ~rlltJJJHl:l:iii:PGSITT~~fil pJ~jffijjJi~ r:titEll 
:JL33ati• ft,* llmi&~ ~IX~ 15 PT~ iffitt~ = r :titEll :JL33bti• ft o mi&~~ IX~ 15PT 
~ ~ 11: ~ ti/ lffiffi ti~~ IX~ l 31Bz: ffl T ~ ~* ~ tl:ffi ~421¥1 ti~Ll ~ 1tmz ti~LlJfLl ;j'ff\ tf , mz ~ ffl Jlh 

~ 1J\ ~ ti/ i,m ti~~ IX~ l 31Ez: ffl r ~ ~* ~ tl:ffi ~421¥1 ti~Ll ~ 1tmz ti~LlJfLl 1ff\ tf 1¥1 PT~~ ti: o iJLl 
~o ,~tl:ffi~42PT~ 83 $s1lifil%fflG, mz~~t§$s1lifil ,:ff llmi&~~IX~15PT~:tqJtLl:3t 
~ 11: f1~10 ~ITT~ ti/ lffiffitl~ ~IX~ 13fr ti~Ll~tl:ffi ~42St ii 7G 1f~Htl?. ti~Ll, mz~m Jlh~ 

1J\H ~1 o~ 1¥J~tl/i,mtl~ ~ IX ~13frti~Ll~tl:ffi~42Stti7f-£,~:l:tl?.ti~Lll¥JPT~~tl: o 
[0066] ~ ~~ 0015¥0 00 2 I, J¥l 51AltE!lffi ~CPLGPT ~ % fflGfrJ¥l JGtitE!l:JL50c ~ 5f0fr3iti IX~ 
CNR_t, :3f Jl~rlltitE!lffi~PPLGa5fOPPLGb PT~%fflGfrrtitE!l:JL33a,33b5fO_t:titE!l:JL50a,50b 
~ ~ lJz fr~r II~ g~ IX ~PcR_t o 
[0067] J¥l JGtitE!lffi~CPLG~lJz~r II :titE!lffi~PPLGa5fOPPLGbITT%fflGPT ~ ~trSfrLtitE!l:JL 
50a, 50b5f0 r :titEll :JL3 3a, 33 b ~ J]z 1¥L JG :titEll :JL 50c ~ )l[gU~ :1:tl?. ml~ ~Ji t~ ~ ~ fil 5¥0 ~ ~ fil, rt J§ 
tAfff:l:B1tiz:•ft~~ filfaJ~~~ffil60l¥JJ,91:zzOO 0±3:1!., ~lit~~~filPT~ 83 ~&~t~~~ 
ffl1tt?JJ (iJU~OTiN, TaNmzWN) %fflG, mz~~trS~Y'~f~~~ffl1tt?JJ (iJU~OTiN, TaNmzWN) o~~ 
filpJ~ 83 ~&~t~~~;t,rf]j. (iJU~OW ,AL Ti, Ta,comzcu) %fflG ,mz~~trS~Y'~f~~~;t,rf]j. 
(iJU~OW ,Al' Ti' Ta,comzcu) ofr~®JFiJU~JJTh:7JA ~ '1¥LJGtitEllffi~CPLG~J]z~rlltltE!lffi~ 

PPLGa5fOPPLGb PT~ ~St%fflG, :3f llfri3:t~tf;£ r, J¥lJGtitE!lffi~CPLGPT~Jl~ l:5~rlltitE!l 
ffi~PPLGa5fOPPLGbl¥]J,91:zz 00~,:zjs:~f OOl¥JJ,91:zz 00 o llt~r, 129 7'JLtitE!l:JL50a, 50b5fOrtitE!l:JL 
33a,33bffl~~fil~1jz:l:JDt, Ji)T ~~rlltitE!lffi~PPLGa5fOPPLGbl¥]4ij~ PT~ ~j!~~ filfa] ~~ 
~tfil6o,_t f:l:B 1t~~~tfil5olo~rll ~~~t00~35mH9:~ J'f. oo o 
[0068] J¥L JGtitE!lffi~CPLGPT ~%fflG7'J~J!~~ filfa] ~~~ffil605f0_t f:l:B 1t~~~ffil50, :3f Jl 
PT~ 7)\. JJ'J 1tHi iu ~ ti EL 1¥J tw w O J¥L JG :ti tEll tru ~cPLG PT~% P>G 7'J Ji~ fr tA ri'iJ J¥L JG 14 5Ll IX~ 
CARITT7JrPJ _t~1J\!¥1¥1l *&o 
[0069] ~r II titE!lffi ~PPLGa5fOPPLGb PT~ ~trS 1:5 ~r II tJJJHl:1:iii:PGS1¥JtJJJHl~~fil25tltE!l1¥J 
~~~r II :titEllffi ~PPLGa, ~J]z ~3itilLl~tl/i,mtl~ ~IX~ 131¥] ~=~r II :titEllffi~PPLGb o 
±3:1!., ~=~rll:titEllffi~PPLGbITT ~:zzOOPT ~1irrH ~101¥JJ,91:zzOOz r :3f Jl PT~l:5 mi&~ 
~IX~15tltEllo 
[0070] ~~~r II :titEllffi~PPLGalO~=~r II :titEllffi~PPLGb pJ ~mz~PT ~1Bz:tl1j¾7'J3i~i 

:1:t1?. ~ J!~ ~ fil raJ ~~ ~tfil6o, _t f :1:B 1i~~ ~tfil 50 lo ~r 11 ~~~too~ 35 , * 1l PT~ fr ~r 11 ~~~too 
~351:5 _t f:l:B 1t~~~ffil50Z!'aJ ITT J'f. 00[)ffili:Jl~~1tl¥J N'.&o iJU~O, ~~~rll titE!lffi~PPLGa 
5¥o~=~rll:titEllffi~PPLGbl¥J{ij~ pJ~ ~trS~J!~rll ~~~100~351¥Jr$Pl ~J]z},A r$P13i 
~i:l:tl?.M1$1¥J~j!_t f:l:B 1t~~~ffil505fO~~ filfa] ~~~ffil60ITT _t $P2 o 3}kf't ~10ITTTP1:zz00¥ 
1i:1:tl?.~~Ll;at ,_t$P21¥J¥1i *ltPT~Arr$P11¥J¥1i *&o r$Pl5fO_t $P21¥]4ij~pJ~ 
frrPJ r7:frPJ _tJ1_~~1J\!¥JN:lt, :ff Jl r$Pl 1¥J_tN:ttPT~AT _t $P21¥JrN'.&o 
[0071] ~~~0015f0002J, ~=filfa]~~~ifil70PT ~%fflGfrql~J¥lJGtitE!lffi~CPLG~J]z~~ 
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~r II :titEllffi~PPLGalO~=~r II :titEllffi~PPLGbl¥J~~ filfa] M~~ffil6o_t 0 

coonJ 1:tr~.lHitElltru~BPLG,JlHl:titElltru~cNrlo~rllJlHl:titElltru~PcNrPT~%mGa~= 
filfa]~~~ifil70~ 0 

[0073] {vJ".lHitEllffi~BPLGPT ~1Bz:t}Hj¾7'Jfr1¥'-5Gl45U IX~CAR_t~J!~=filfa] ~~~ifil 70, 
:3f Jl PT~ 73\.JJ1J1tHilLl ¥ H~a~VS o JlHi:titEllffi ~CNTPT ~ ft3iti IX ~CNR_t ~ J!~ =fil fa]~~ 
~tfil 70, * ll PT~ 73\. JJ,J 1tHi iu J¥L 5G:tltElltru ~cPLG O ~r 113!:ti:titElltru ~PcNrPT ~ ii:t1Hj¾ 7'J a 
~rll ~J~IX~PcR_t~J!~=filfa]~~~ifil70, :3f _§. pJ~73\.JJIJltHllLl~~~rlltltE!lffi~PPLGa 
lO~ =~r II :titE!lffi ~PPLGb o 
[0074] ti~, {ir~BL,1i3i~ ICLlO~r II Jiti~PCL pJ ~%fflGft~=filfa]~~~ffil 70_t o{iI~ 

BL PT ~fr1¥'-5Gl45U IX~CARLft~=7:f rPJD2_tfil{$jf _§. PT~3itilLl1ir~titE!lffi~BPLGo1i 
Ji~ICL PT ~1Bz:ti{j¾ft3itilX~CNR_tjf Jl PT ~3itilLl3itititEllffi~CNT o ~r 113!:ti~PCL PT 
~ii:ti1j¾a~rll ~J~IX~PcR_t* 1l PT ~3!:tlJLl~rllJ!:ti:titEllffi~PcNr o 
[0075] 00 3A~ 00 3C~JF t±:!tlHAs*R 8)j ~ J~,1¥J~®~JJTh:7:frt:1¥J - tt~~{tt¥{ii:ff{tf:1¥1 ~ 
$ 73\. ( iJLl ~o 00 2 J l¥J $ 73\. "A" ) l¥J JJ)[ :::k tfLl fl 00 o 
[0076] ~~~003A, mi&~~IX~15PT~ftD$:l:tl!%mGft~tlk/ijUJk~~IX~13~ oiYU~O, m 
i&~ ~ IX~ 15PT ~ Ji~ b~~tlk/i,m;J;Jk~ ~ IX~ 131¥1 N'.&£ 11\ 1¥1 N:& o ~=~r II :titEllffi ~ 
PPLGb pJ~Jl~ l:5mi&~~ IX~15HtititEl11¥J ~:zzOO, :3f Jll:5~tlk/i,m;J;Jk~~ IX~13fa] ~~ 
3f omi&~~ IX~15PT~ 'ELll~=~rll:titEllffi~PPLGbITTffiAiLlH ~10~ 1¥1 $73\. o 
[oonJ ~~~003B, mi&~~ IX~15PT~%mGft~tlk/i,m;J;Jk~~ IX~131¥J _t $IX~~ o iJLl 
~o 'mi&~~ IX~15PT~Jl~b~~tlk/i,m;J;Jk~ ~ IX~131¥li*&£1J\1¥1i*l3t O ~=~rll:titEllffi 
~PPLGb pJ~Jl~{irr mi&~~ IX~15 ~ :3f _§.l:5~;j;Jk/i,m;J;Jk~~ IX~131¥J ~:zzOOl'aJ ~~3fl¥J 
~:zzOO 0 

[0078] ft003Cl¥J~JJTh:7:frt: ~, mi&~~ IX~15PT~ti~"Bltofti3:5f~ti1JG r, ~=~rll:titEll 
ffi~PPLGb PT~l:5~tlk/i,m;J;Jk~~ IX~131ltititEll o 
[0079] fr~®~JJTh:7:frt: ~, ~=~rll:titEllffi~PPLGb PT~l:5~tlk/i,m;J;Jk~~ IX~131ltiti 
tEll,Jf Jli3:11L~tlk/i,m;J;Jk~~IX~13PT~ffl~~~~ (iJLl~oM~ (B) lO~~ (P) ~1¥J~5f~) lo~= 
~~ (iJU~O~ (C) ,ffl (N) lOI( (F) ~1¥J~y~5f~) :tHi~o 
[0080] 00 4AlO 004B~JF t±:!tlHAs*R 8)j ~ J~,1¥J~®~JJTh:7:frt:1¥J - tt~~{tt¥{ii:ff{tf:1¥J~ 
$ 73\. ( iJLl ~o 00 2 J l¥J $ 73\. "B" ) l¥J JJ)[ :::k tfLl fl 00 o 
[0081] ~~~004Al0004B' ~=~rll:titEllffi~PPLGbl¥Jr$PllO_t $P21¥J{ij~ pJ~Jl~fr 
rPJ r7:f rPJ _t~1J\!¥J N'.&o iJU~O, fr~=~rlltitE!lffi~PPLGb~, r$Pl ITT LN'.&Wl PT~:::kr 
_t $P21¥JrN:/3tW2 0 [!]Jlt' ~=~rll :titEllffi~PPLGb pJ ~fr~rll ~~~f 00~351:5 _t f:IB {t~~~t 
fil 5ozJaJ 1¥1 * f ~Ji~ n ttr ,8 0 llt ~r , _t f :1B 1i~~ ~tfil 50 PT~ Ji~ 1L :tiql ~ ~ = ~r 11 :titEll 
ffi ~PPLG b ITT r $P 11¥] J,91 :zz 00 ITT~$ 73\.1¥] ~ :zz 00 o 
coo82J ~o004A~ JiJrJF, 3frfHH100 ~*i~JR~at, ~=~rll:titEllffi~PPLGb1¥J_t $P2PT~l:5 
r$Plx1liofr~®~JJTh:7JA ~, ~0004B~ JiJrJF ,~=~rlltitE!lffi~PPLGbl¥]_t $P2PT~1'A 
r$Pl {ffia5¥$o~ g Z,~=~rlltitE!lffi~PPLGbl¥]_t $P2PT~1'A r$P13iti:l:tl!M{$ ,{8 ~_t 
$P2 ITT~ 'Ll' pJ ~ 1:5 r $P 11¥] ~ 'Ll' 7G x11i o 
[0083J 00 5~JF t±:!tlHAs*RS)j ~J~,1¥J~®~JJTh:7:frt:1¥J - tt~~1tt¥{ii:ff1tf:1¥J~$73\. ( iJLl 
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~□ 00 2 J ITT $ 7J\. "c" ) ITT JJ)[ :::k tfU fl 00 o 
[0084] ~~~005' '!lf~~a~VSITT{ij~pJ~ 'ELtrSr ~~1tOO~LSP5f□_t~~1tOO~USP 0 

[0085] r ~~1t00~LSPPT ~iffijjJt ~ 83 ¥1L:JL.ftITT H ~10J=IH'f::fts1 filITT:lz1Alt!:~r M 
j-:_* (SEG) IZ:tBUl~fflG O [!]Jlt' r ~~1tOO~LSPPT~~tJtfE¥1i:JLITTr$1X~ITTtt%~a~ 0 

r ~~1t 00 ~LSPPT ~ % fflGT'J Jl~ J¥l s1 mzg; s1 ~a~, 1B * '}j:_ a)j ~}~,PT~ 7G~~ r llt or ~~1t 
00 ~LSPPT ~ 83 iJU~□~M*~a~ '~,t}l~ ~1t;t,tf45¥□!mz1tiftm~ ~1t;t,tf4% p)G 0 

[0086] _t~~1t00~USPPT~%fflGfrti1j¾~r ~~1t00~LSPITT¥1i:JL~ oL~~1t00~ 
USPPT~-'=5r~~1t00~LSNitEllo 
[0087] t'Mffi:1:tl!, ~□ 005~ JiJTJF, _t~~1t00~USPPT~ 'E1t§~~~~1t00~SP15f□~=~~ 

1t00~SP2o~~~~1t00~SP1 PT~ltHilUr ~~1t00~LSP ,:ff Jl PT~Jl~tffl~ltlifITT~ 
$ 5f□ fBJJ: 3f ITT J,91 $ ITT ~%~mziffi 'Ll' *5}%~ o ~ ~ ~ ~1t 00 ~SP 1 ITT P9 $~fa] PT~ ffl M~~1 fa]~ 
tj;JEOO~VrtJtfLllt~r, ~~~~1t00~SP1 pJ~-'=J~=~~1tOO~SP2ITT 17'J:zzffi5f□r ~~ 
1t00~LSPITTTP1:zzffi1itElloiYLl~D, ~~~~1t00~SP1 PT~ft it~=~~1t00~SP2~3itifU 
r~~1t00~LSPo 
[0088] _t~~1t00~USPPT ~ 831i~mz*1iE~~1t;t,tf]j. ( iJU~Dli (Si) , 'ft (Ge) mz~1tif 
tm) ~ ITT ~y~5f~%fflG, mz~'EL1§1i~mz*1iE~~1t;t,tf]j. ( iJU~Dli (Si) , 'ft (Ge) mz~1tiftm) 
~ ITT~&~5f~ ollt~r, _t~~1t00~USPPT~Jl~ -!¥Ls1,~Fs15¥D$s1~a~~ ITT~5f~ o 
[0089] fr~®~JJTh:7:frt: ~, frL~~1tOO~USPITT%fflGZlW, ¥1LM~~100~VPPT~%fflGfr 
¥1L:JLITT{ij~~, ~□ 005~ JiJTJF o~ g Z, ¥1LM~~100~VPPT~1'A~,t}kEL-'=5¥1L~a~vszfaJ 
ITT IX~¥1L:l:tl!M1$JU~~~1fil ILD-'=5¥1L~a~vszfaJITT ~BIX~ ollt~r, 7](f~~~100~HPPT~ 
})_ ~ ,t}kEL-'=J~li 1~~~~1filBLKZfaJ ITT IX ~lA ~ ,t}kELITTT,91:zz oomz~:zz 00 7]( f:l:tl!M1$JU ~ B IX 
~o 

[0090] ¥ 1[~~~100 ~ VPPT ~ 'ELt§~~ mz]!g; ~ fil o fr~@ ~JJTh:7:f A~ , ¥ 1[~~~100 ~ VP 
PT~ ffl1fNANDIA] i!t¥1ii:ff1tf:ITT t¥1ii5G1tf:, :3f _§.PT~ 'ELtrS~ij-11H~~1fil TIL, ~ :Wt¥1ii filCIL5f□ 
~Ji 1~~~~1fil BLK ~ ITT ~y~@ 01Ju ~□' ~ :w t¥1ii filC IL pJ ~ ~mz~ pJ ~ 'E1t§1¥~~~~1fil, ~¥ lr. 
$~,tlkmzJi~ ~ ~M*,8 ITT~~~1fil O t'Mffi:1:tl!' ~ :Wt¥1iifilCIL pJ ~ 'E1t§liffl1ttmfil ,liffl-
1t tm fil , 1i' tit ffl 1t tm fil , AA* s11tlifil 5¥□ fil ii: 1¥ ~fil ~ ITT~ & ~ 5¥~ o ~i iliH~ ~1 fil TI L PT ~ 83 
~ w ~ :::k r ~ :W t¥1ii filC IL ITT w ~ ITT ;t,t 14 ~ ITT ~y~ 5¥~% fflG , :3f Jl ~Ji t~~~~1fil BLKPT ~ 83 r,§j 
k~ * ~t,tf4 ( 1Yu~oig•1ttml□~•1ttm) %fflG o 
[ 0091 J fr~®~ JJTh:7:f rt:~ , ¥ 1[~~ ~100 ~ VPPT ~ ffl 1t ;t§~ t¥1ii :ff 1tf: mzPT ~~~Ji t¥1ii :ff ITT 
t¥1ii5G1tf:, * ll PT~ 'ELt§t§~filmzPT~~~lifil o 
[0092J 00 6A5f□ 006B~JF t±:\,tlHJJ5*'jj:_ 8)j ~ J~,ITT ~5f~~JJTh:7:frt:ITT - tt~~1tt¥1ii:ff1tf:ITT ~r 
II ~ g~ IX~ ITT 1HH100 o 
[0093] 7'J T f~~rari1' )tjfrr~ ~~ 00 2A~ 00 2Jfa1i:t1ITT 5G1tf:PT ~ 83 t§1!;Jmz;t§~ ITT [)ff 001iici1i 
iR , rm ::;;r-m 2l ~ m ii: Mi :i1 o 

[0094] ~~~006A5f□ 006B' ~o_tji)rj£' ~rll ~j~IX~PCRLITT~~~rll1itEllffi~PPLGa5fD~ 
=~rll:titEllffi~PPLGbITT{ij~ pJ~ 'E1t§r$Pl5f□_t $P2 0 

[0095] fr006AITT~JJTh:7JA ~, fr~~~rll :titEllffi~PPLGal□~=~r 11:titEllffi~PPLGbITT{ij 
~~, r$Pl ITTTP1:zzffiPT~Jl~~t}A$@fffr~1£7JfPJ ITT1Mli%~o l!lllt, fr~~~rll:J'itEll 
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ffiHlPPLGalo~=~rll:titEIFlru~PPLGbITT{ij~~, pJ~IDJ Jtr$P11=5_t $P27Gx11i, mz~~ 
1J\ r$P11=5_t $P2::;fX'fliITTPT~~tL~1!;J:1:tl!, PT~IDJ Jt~~~rll:titEllffi~PPLGa5fO~=~rll 
:titEllffi~PPLGbfr~rll M~tf 00~351=5 _t f:l:B 1tM~tffil50ZJaJtitJJ~Ll, mz~~Jj\ ~~~r 11:ti 
tEllffi~PPLGalO~=~r II :titEllffi~PPLGbfr~r II M~tf 00~351=5 _t f:l:B 1tM~tffil50ZJaJtitJJ 
~Ll ITT PT~~ tL 
[0096] fr~~~rll:titEllffi~PPLGalO~=~rlltltE!lffi~PPLGbITT{ij~~, r$P1ITTTP1:zz00 
PT~ Ji~$ :ill%%~, ~o 00 6B ~ JiJTJF o iJLl ~o, fr~ ~~r II :titEllffi ~PPLGalO ~ =~r II :titEllffi 
~PPLGbITT{ij~~, r$Pl ITTTP1:zz00PT ~ 'ELtrSfr~~7JfPJ _tfil1$ITT~~$7J\.5f0fr~=7:f ri'D 
_t.J!1$ITT~=W7J\. o 
[0097] 00 7 A~ 00 7H~JF t±:!tlHAs*R SJHJJ }~,ITT ~5f~~JJTh:7JAITT tum - tt~~1tt¥1ii:ff1tf: 
ITT 7:f i! ITT tfU fl 00 o 
[0098] 7'J T f~~rari1' )tjfrr~ ~~ 00 2A~ 00 2Jfa1i:t1ITT 5G1tf:mzWJJfpJ ~ 83 t§1!;Jmz;t§~ ITT[)ff 00 
tiicitiiH, rm7Gm2[~ mii:Mi:t1o 
coo99J ~ ~~ oo 7 A, ti {rrM~ttfil 11 lor ~ttfil PT~% fflG iYLl ~o J119U'f :l:tl!% fflGT'Jqf ~~ _t.% fflG~r 
II tJlfr ti :l:i ii:PGS 5¥0~ ti/ i,m ti~~ IX~ 13 ITT H ~ 1 o o 
[0100] r ~tl:fil pJ ~j¾%:1:tl!%fflGT'Jqf~f1~lOITTT,91:zz005f0~r II tJlJrtl:l:iii:PGS O r~tl:fil 
PT~ 83 t§X>frti{rflM~ttfil 11Ji~ti~Ll:l&1lt!:ITT1Jf4%fflGoti{rflM~ttfil 11 PT~1'A r~tl:fil1=5 
t1~1ozJaJITT IX~M1$, :ff Jl PT~frr~tl:fil1=5~rlltJlJrtl:l:iii:PGSzJaJ oti{rflM~ttfil 11 PT~ 
~mz~PT~'ELmli•~~filjf_§.pJ~~tt~ffl~-~I~mzm~I~Ym%fflGo 
[0101] fr~®~JJTh:7JA~, r~tl:filpJ~fr~rll~J~IX~PCR1=53itilX~CNRZJaJtiW7J\. 
:1:tl!ti~Uo [!]Jlt, r~tl:00~LSLPT~%fflGfr1¥'-5Gl45U IX~CAR5f03itilX~CNR_t, :3f Jl$i&~ 
ti: 00 ~DSL PT~% fflGfr~r II~ g~ IX ~PcR_t o 
co102J :ti~, r f:l:B 1tM~ttfil20PT ~%fflGfrf't ~1o_t or f:l:B 1tM~ttfil20PT ~1im1~T'J 
frr~tl:OO~LSL5fO$i&~tl:OO~DSLLJl~:l:?J>}ITT JJ.fjt Or f:l:B 1tM~tffil20pJ ~Jl~~tt 
f :l:B 1tI ~ ti f :l:B 1t ITT J,91 :zz 00 , :3f Jl PT ~ 1=5 $ i& ~ ti: 00 ~DSL ITT~ r,§j J,91 :zz 00 ~* _t j¾f 00 o 
[0103] ~~~00 7B, r:titEll:JL33a5f033b PT~tBz:%fflG, ~J!r f:l:B 1tM~tffil205fO$i&~tl:OO 
~DSL r :titEll :JL 3 3a5f0 3 3 b pJ ~ 'ELtrS 7J\. JJIJ % P>GT'J :!J ft ~r II tJlfr tl:l:i ii:PGS ITT~~ r :titEll :JL 3 3a 
~2z%fflGT'J:!lft~tl/i,mtl~ ~ IX ~13ITT~= r:titEll:JL33b o 
[ o 104 J fr r :titEll :JL 3 3a5f0 3 3 b ITT% fflGZJ§ , mi&~~ IX~ 15 PT~ ~tt ffl ~ = ~ ~ ( iJLl ~o ~ 
(C) ,ffl (N) 5¥01( (F) ~ITT~&~5f~) :ti~~tl/i,mtl~~IX~13Ym%fflG,~0)tjlW~~~002BJi)r 
J1o 
[ o 105] ~ ~~ 00 7C, ~ tl:ffi ~425¥0 ~ ti: fa]~ :l:JDt 00 ~44 PT~% fflGfr r :titEll :JL 33a5f0 3 3b ITT 4ij 

~~o 

co 1 o6J fr~® ~JJTh:7:f rt:~ , ~tttru ~42lo~tHaJ ~ :1:JtfE oo ~44ITT r,m* OOPT ~ 1=5 r f :l:B 1i 
M~tffil20ITTTP1:zzOO~*_tj¾f 00 o~tl:ffi~42PT~ 83 t§X>fr r f:l:B1tM~tffil205fO$i&~tl: 
OO~DSLJl~ti~Ll:l&1lt!:ITT1Jf-t%fflG o 
co101J ~~~0070, ~~jt ~:1:tl!:1:tii:~ttfilsLlo~~ttfil rLDITTtltLl~afiJ110PT~%fflGfrr f 
:l:B 1t~~ttfil2o_t o 
[0 108] tl tLl~afiJ 11 OPT~ fr3iti IX ~CNRL ITT r f :l:B 1t~~ttfil20_tJ!_~~fri'J~afiJ O 3tl tLl 
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~a~l 1O1BUl~fflGSt, ~rll ~J~IX~PCRLITT mi&~tl:OO~DSL PT~ti•ft, mz~~rll ~J~IX~ 
PCR_lITT~ttlru~42ITTTP1:zzffiPT~ti•ft o 
co109J ~~~oo 7E, fr1:ltLl~a~ 11OITT%fflGzJ§, _t f:l:B 1tM~~tfilsoPT ~%fflGfrf't ~1o_t o 
_t f:l:B 1tM~~ffil5OPT ~1'k!¥'. JG!4 5U IX~CARM1$JLl~rll ~J~IX~PCR, :ff Jl PT ~Jl~~*_t 
f :l:B ITT r,m :zz 00 o 
[0110] frL f:l:B1tM~~ffil5OITT%fflGZJ§, ¥1i~a~VS5f0$i&¥1i~a~DVSPT~1Bz:%fflG, 1m 
)tjlW~ ~~ 002F Jife:t1o fri3:1¥ITT~JJTh:7JA ~, ¥1i~a~VS5f0$i&¥1i~a~DVSPT ~%fflG7'J~J! 
tltLl~a~l 1O, r f:l:B1tM~~ffil2O, r~tl:OO~LSL5¥0ti{rflM~~ifil 11, :3f _§. pJ~JitilLlH ~ 
lOo 
[0111] ~~~007F' ~1Jk~a~STPT~imttffl~1JkEL{~~r~tl:OO~LSL5f0~tl:filSLYm%fflG 0 
~0)tjlW~~~002G}i)r;i1, ffl~,f]kEL~~ r~tl:00~LSL5f0~tl:filSL PT~ 'E1trS%fflG~1g,tt, ~~* 83 
~1g,tt. ft ITT r ~ti: 00 ~LSL5f0~tl:filSL ~ % fflGiffl 11k IX~,~ J]z73\. JJIJ friffl 11k IX~~% fflG ~ 11k 
EL 

[0112] fr~1Jk~a~STITT%fflGZJ§, ~~ filfa] M~~ffil6O5f0_l f:l:B 1tM~~ffil5OpJ ~iioo~ 
1t, ~ %fflG3itilX ~CNR_lITT J¥l JGtitEll:JL5Oc ~JJz~r II ~g~ IX ~PCR_lITT LtitEll:JL5Oa5f05Ob o 
[0113J 3 LtitEll:JL5Oa5f05Ob%fflGfr_t f:l:B 1tM~~ffil5O~ at, ~tHaJ fsjJU:JtJE00~44 PT~ti 
~~* ,.ft~ttlru~42o-!¥LJGtitEll:JL5Oc PT~%fflG7'J·ft~,fJkELfr3itilX~CNR_lITTftw$, :3f 
Jl•ft~1JkEL~ ITT~ rffiITT~~ITT 1¥L JGtitEll:JL PT ~%fflG7'J~J!~~ filfaJ M~~ffil6O, _t f:l:B 
1tM~~ffil5O5f0r f:l:B 1tM~~ffil2O o 
[0114J ti~, EE LtitEll:JL5Oa5f05Ob.ftITT~ttlru~42PT~ti~~*, ~%fflG.ft$i&~~ 
IX~ 15 ITT r titEll:JL33a5f0 33b o ±3:1!., ~ttlru ~42PT ~ 11 ffl :i& 117'1 ;t§ Mr r f :l:B 1tM~~f fil 20 
5f0$i&~tl:OO~DSLJl~ti~Ll:i&1ltl:ITTti~LlWc7:f1ffi'.~~*01f 7'J~ttlru~42ITT ~~*ITT~a~ 'H 
~lOPT~tirtitEll:JL33a5f033b.ft, :3t Jl$i&~~ IX~15PT~IDJ Jtrn rtitEll:JL33a5f033b. 
ft ITT H ~ 1 Ofr ~ ~* ~ ttlru ~4 2 ITT ti~Ll I z:JtJHaJ ti ti~Ll mz 1ff\ tf , mz ~ ~ 1J\ EE r titEll :JL 3 3alo 
33b. ft ITT H ~ 1 Ofr ~ ~* ~ ttlru ~42 ITT ti~Ll I Z:Jt)i fa] titi~umz ;J'ff\ tf ITT pJ ~~ ti: 0 
[ 0115] ~ ~~ 00 7 G, J¥L JG titE!l ffi ~CPLG PT~% fflG fr J¥L JG titE!l :JL 5Oc ~ 5¥0 fr 3iti IX ~CNR_l , 
:3f _§.~~~rlltitEllffi~PPLGa5f0~=~rlltitEllffi~PPLGbPT~%fflGfrrtitEll:JL33a,33b5f0_l 
titEll:JL5Oa,5Ob~ ~l]zfr~rll ~j~IX~PCR_l 0 
[0116] ~0~~~002I}i}r;i1, ~~~rlltitEllffi~PPLGal0~=~rlltitEllffi~PPLGbITT{ij~ pJ~ 
'ELtrS%fflG7'J~J!r f:l:B 1tM~~ffil2OITT r$Pl, ~J]z},A r$P13i~i:l:tl!M1$:3t%fflG7'J~J!_t f 
:l:B 1tM~~ffil5O5f0~~ filfa] M~~ffil6OITT _t $P2 0 
[0117] fr~®~JJTh:7JA ~, ~~~rlltitEllffi~PPLGal0~=~rlltitEllffi~PPLGbITT{ij~ITT 
r$Pl PT~Jl~1irr~1JkEL~ ITT~ rffi~~l:5~=~ rffiITT~~zfaJ ITTTP1:zzffi o~~~rll 
titE!lffi~PPLGa5f0~=~rll titE!lffi~PPLGbITTTP1:zzffipJ ~ 1irrb~ r ~~1t00~LSPITT7]( f £ 
r,5JITT7](f~o 
co 11 sJ ~ ~~ oo 7H, ~ = fil faJ ~~ ~tfil 70 PT~% }J)Gfrql_ffi[ J¥L JG titEll M ~cPLG ~ JJz~ ~ ~" 11 ti 
tEllffi~PPLGal0~=~r II titEllffi~PPLGbITTT,91:zz ffiITT~~ filfa] ~~~ffil6O_l 0 
co119J ~o_tJiJr:t1,1:tr~titEllffi~BPLG,JitititE11M~cNrlo~r113itititEllffi~PcNrPT~% 
P>Gfr~=filfa]~~~ffil 7O~ olft~r, {ir~BL,1i3i~ICL5f0~r II Jiti~PCL pJ ~%fflGfr~=filfa] 
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M~~ifil 7o_t o 
[0120J 008A~008I~JF t±:!tlHAs*i5ta)j tiJ J~,ITT ~5f~~JJTh:7:frt:ITTtLlm - tt~~{tt¥{ii:ff{tf: 
ITT 7:f tt ITT tfU fl 00 o 
co121J 7'J T r~~rari1, )tjfrr~ ~~ oo 2A~ oo 21Mi:t1ITT 5G1tt:mzWJJtPT L;J, rn t§1!;Jmzt§~ ITT[)ft oo 
tiicitiiH, rm7Gm2[~ mii:Mi:t1o 
co122J frOO sA~OO sHITT ~JJTh:7:frt: ~, m:1&~ ~ IX~ 1slo~t1:tru~42PT L;J,frtltu~afiJ 11 o 
ITT~$ 7J\. ( iJLl ~or tl tLl ~a fiJ 11 Oa) ITT% fflGz.J§ 1BUl~ fflG o 
co123J ~ ~~ oo sA, ~r II J2'.$:IHafiJPsTRPT L;},%fflGfrH ~1 oITT ~r 11 ~J~ IX~PcR_t 0±3:1!., ~r 
II J2'.$:1Ha fiJPS TR pJ L;J, 'EL trS ~r II tJJJHJkj:f ii:PGS ,Jj ti/ lffiffi tlk~ ~IX~ 13 5¥0 ~r II M~ ~i 00 ~ 3 5 0 ~r 
II M~~f 00 ~35PT L;), %fflGT'Jqi~~r II tJlfr;j;Jkj:fii:PGS5f0~tlk/i,m;J;Jk~ ~IX~ 13, Jf •KH ~ lOITT 
J¥l 5G[i$ 5U IX ~CAR5f03iti IX ~CNR o 
[0 124 J ~ ~~ 00 8B, rtl tLl~afiJ 11 Oa pJ L;J, % fflGfrf't ~ 1 OITT J¥l 5G[i$ 5U IX ~CAR5f03iti IX ~CNR 
_to 
[0125] rtltLl~afiJl lOa pJ L;), 'ELtrS¥1i:1:tl!l0:'x: ~:l:tl!Jiii:frf't ~1o_tITT r~tl:filSLal0r M~ 
~ifil ILDao rtltLl~afiJ 11OaITT%fflGPTL;J, 'ELtrSfrti{j¾~ ~rll J2'.$:IHafiJPSTRITT f1 ~1o_t5e. ~:l:tl! 
j:fii: r~tl:filSLal0rM~~ifil ILDa,flJ§x1r~tl:filSLa5f0rM~~ifil ILDatAff11t!fI Z:: 0 I!] 
llt, rtltLl~afiJl lOa pJL;J,fr3itilX~CNR_tJl~~fri'J~afiJ o 
[0126] llt~r, frrt:ltLl~afiJ 11OaITT%fflGJtJHaJ, $:i&!'aJ ~~tmosPPT L;J,%fflGfr~rll M~~f 00~35 
ITT{~Ll:zzOO _to $:i&!'aJ ~~tmDSPpJL;J,~mz~PT L;J, 'ELtrSr~tl:filSLa5f0r M~~ifil ILDaITT :5K1ffi'.~rPJ 
ff ti: ti~Ll I z:: ti~Ll ITT Ju~$ 7J\. o 
co121J ~ ~~ oo sc, r f:l:B 1tM~~tfil2OPT L;J, %fflGfrf't ~ 1o_t or f:l:B 1tM~~tfil2OPT L;J, %fflG 
T'JJJtfErtltLl~afiJ11Oal:5~rllJ2'.$:IHafiJPSTRZJaJ ITTl'aJ~ IX~JfJl~~*_t f:l:B ITTTP1:zz00 o 
[ o 12sJ r f :l:B 1tM~ ~i fil 20 PT L;J, iffitt% fflG qi~ H ~ 1 o ITT M~ ~ifil * x1 M~ ~i filtA ff f 001tI 
z:; rm% P>G O r f j:B 1tM~ ~ifil 20 pJ L;J, % P>G 7'J qi~ ~r II J2'.$:1Ha fiJPS TR 0 

[o 129] ti~,~~ r :titEll :JL33a5f0~ = r :titEll :JL33b PT L;J, % fflGT'J~ J!r f :l:B 1tM~~f fil2O5f0 
~r II M~ ~i 00 ~3 5 o ~o _t.Jife:t1, fr~~ r :titEll :JL 33a5f P ~ = r :titEll :JL3 3b ITT% fflGZJ§ , $:i&~ ~ 
IX~15PTL;J,%fflGfr~tlk/i,m;J;Jk~~ IX~13~ o 
[0 130] ~ ~~ 00 8D, frm'.i&~ ~IX~ 15 ITT% fflGZJ§, ~tl:ffi ~425f0~tHaJ ~ j:JD'E 00 ~44 pJ 
L;J,%fflGfr~~ r:titEll:JL33a5f0~= r:titEll:JL33bITT{ij~~ o 
[0131] ~~~008E' _t;j;JtLl~afiJl lOb pJ L;},%fflGfrrtltLl~afiJ11Oa_t 0 

[0132] _t;j;JtLl~afiJ 11Ob pJ L;), 'ELtrS¥1i:1:tl!l0:'x: ~:l:tl!Jiii:frrtltLl~afiJ 1 lQa_tITT _t~tl:fil 
SLb5f0_t~~~ifil ILDb O _t;j;JtLl~afiJ 11Ob pJ L;J,iffittfrf't ~1o_t5e. ~:l:tl!j:fii:_t~tl:filSLb)f0L~~ 
~ifil I LDb:3t Jlx1 _t ~tl:filSL b5f0 _t~~~ifil I LDbtAff 11t!f I z:; rm% P>G O _t;j;j tLl ~afiJ 11 Ob pJ L;J, 
% fflG 7'J fr 3iti IX ~CNR_t Jl~ ~fri'J ~a fiJ o 
[0133] 3_t;J;JtLl~afiJ 11Ob1Bz:%fflGSt, ~r II ~J~IX~PCRLITT~tl:ffi~425f0~tHaJ~j:JtJ'E 
00 ~44 ITT r,m :zz 00 PT L;J, ti• ft o 
[0134] ~ ~~008F' _t f:l:B 1t~~~ffil5OPT L;},%fflGfr~r IIJ2'.$:IHafiJPSTR5f0r f:l:B 1t~~~ffil2O 
_t, qi~_t;J;JtLl~atiJl lObo 
[0135] fr_t f:l:B 1t~~~ffil5OITT%fflGzJ§, ¥1i~afiJVSPT L;J,%fflGT'J~J!rtltLl~afiJ 11Oa5f0 
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_t 1:l tLl ~a~ 110 b O fr~@~ JJTh: 1J A~ ' ¥ 1( ~a~ vs ITT% P>G pJ ~ 'EL trS % P>G ~ j! r 1:l tLl ~a~ 
11 Oal0 _ttl tLl~a ~ 11 Ob:3t ~ ftf't ~ 10 ITT¥ 1L :JL ~ 2z fr¥ 1L :JL ITT {ij~ ~ % fflG 1:5 H ~ 1 OtitEll 
ITT¥1i~~~OO~o~*,¥1Lffi•oo~wPT~fr¥1i~~~OO~ITT%fflGz$%fflGfr¥1i 
:JLITT{ij~~ ofri~~JJTh:1Jrt: ~, 002F~ JiJTJFITTr ~~{tOO~LSPITT%fflGfr¥1i~a~VSITT%fflG 
JtJi faJ PT~ ti~-mt o 
[0136] ~p_tji}rji, fr¥H~a~VSITT%fflGJtJifa], $i&¥1L~a~DVSPT~fr3iti!X~CNRL% 
fflG7'J~J!r1:ltLl~a~l lOalo_t1JtLl~a~l lOb o 
[0137] ~~~008G, fr¥H~a~VSl0$i&¥1L~a~DVSITT%fflGZJ§, ~~ filfa]~~~ffil6OPT~ 
ti% fflG o ~ ~ fil faJ ~~ ~tfil6o PT~% fflGfr _t f :IB 1t~~ ~t filso _t , q1 ~ ¥ 1L ~a ~vs lo mi&¥ 1L 
~a~DVSITTTP1:zzffi o 
[0138] ti~, r~tl:filSLalo_t~tl:filSLbpJ~ffl~1JkELfH~o~a~, ~~ ~1JkEL¥1i:l:ti?Ji 
ii:frf't ~1o_tITT ~1Jk~a~STPT~tBz:%fflG 0 

[0139] ~o_tJifeJi, fr~1Jk~a~STITT%fflGzJ§, J¥l JGtitEll:JL5Oc ~2z_ttitEll:JL5Oal05Ob PT~ 
% P>G7'J ~ J!~ ~ fil fa] ~~~f fil6Ol0 _t f :IB {,t~~~f fil5O o J¥L JGtitE!l:JL5Oc PT~% P>G7'J7J\. JJIJ ~ ft 
~1JkELITTftw$, :3f llLtitEll:JL5Oal05Ob PT~7J\.JJIJ%fflG7'J~-~ttlru~42o 
[0140] ti~, EE LtitEll:JL5Oal05Ob~ftITT~ttlru~42PT ~ti~~*, ~ftrtitEll:JL33al0 
33bITT P9 :zzffi~2z$i&~~ IX~15o 
[ 0141 J ~ ~~ 00 8H, J¥L JG titE!l ffi ~CPLG PT~% fflG fr J¥L JG titE!l :JL 5Oc ~ l0 fr 3iti IX ~CNRL , 
:3f _§_~~~rlltitEllffi~PPLGalo~=~rlltitEllffi~PPLGbPT~%fflGfrrtitEll:JL33a,33bl0_t 
titEll:JL5Oa, 5Ob~ ~lz fr~r II ~j~[X~PCRL O ~p_tji)rji' ~~~rll titEllffi~PPLGalo~=~r 
lltitE!lffi~PPLGbITT{ij~ PT~ 'e1t§r$Pll0_t $P2ofr~®~JJTh:1Jrt: ~, ~~~rlltitE!lffi~ 
PPLGalo~=~r II titEllffi~PPLGbITT{ij~ITT r $Pl ITT ¥1L *LtPT ~~ iRT~r II ~~~100~35 
ITT JJttlo/mzr f:IB 1t~~~ffil2OITT JJ&rmr'J:~o 
co142J ~~~oosr, ~=filfaJ~~~tfil7oPT~%fflGfrql~J¥LJGtitElltru~cPLc~2z~~~rllti 
tEllffi~PPLGalo~=~r II titEllffi~PPLGbITTT,91:zz ffiITT~~ filfa] ~~~ffil6Q_t 0 

[0 143] ~o _tji)rji, {ir~_JHitEllffi ~BPLG, 3itititEllffi ~CNTl0~r II 3itititEllffi ~PCNTPT ~ % 
fflGfr~=filfa]~~~ffil 7O~ o~~r, {ir~BL,1i3i~ICLl0~r II Jiti~PCL pJ ~%fflGfr~=filfa] 
~~~ifil 70_t 0 

[o 144] 00 9~1IHJi1LDt l3}j ~ ,~,ITT ~5f~~JJTh:1Jrt:ITT - tt~~{tt¥{ii:ff{tf:ITT tfUfiOO o 
[0145] ~~~009' ~~~tlk~a~STll0~=~tlk~a~ST2PT~frf't ~lOITT J¥lJG[i$5U [X~_t 
1ffi'.tl{j¾7'J1~~fa] ~~* 0 ~~~tlk~a~STll0~=~tlk~a~ST2ITT{ij~ pJ ~ 'E1tr55t ~:1:tl!:l:iii:fr 
f1 ~1o_tITT ~1JkELl0~~~ffil ILDo fr~®~JJTh:1Jrt: ~, ~~~1Jk~a~STll0~=~1Jk~a~ST2 
pJ~fr~1Jri'iJ _t.J!{$, :3f _§_~~~ifs] ~:1:j;-Jf,fil 12OPT ~1Bz:tl{j¾fr~~~tlk~a~ST11:5~=~1Jk 
~a~ST2ZfaJ o 
[0146] ;;1gmJa~CHSPT~'ELtrS~J!~~~tlk~a~ST1ITT~~¥1[~~{tttvsPll0~j!~ 
=~1Jk~a~ST2ITT ~=¥1i ~~{tttVSP2, ~lz~~ ~~¥1[~~{tttVSPll0~=¥1i~~ 
{tttVSP21~~3itiITT7-kf~~{t00~HSPo 
[0147] ~~¥1[~~{tttVSPll0~=¥1i~~{tttvsP2PT~1Bz:ti{j¾fr%fflG7'J~J!~~ 
~1Jk~a~ST1lo~=~1Jk~a~ST2ITT ¥1L:JL ~ 0 ~~¥1[~~{tttVSPll0~=¥1L~~{ttt 

17 

Micron Ex. 1002, p. 735 
Micron v. YMTC 
IPR2024-00910



CN 108695336 A 14/141Jr 

VSP2ITT{ij~ pJ ~ 'ELtrSti1j¾fr~~ r,5J 7]( f~ITT ~~mo O ~~¥1[ ~~1tttVSP1 pJ ~ JlHllLl 
1ir~BL,~=¥1L~~1tttVSP2PT~JlHilLl0j¾~flk~CSLo 
[0148] 7](f~~1t00~HSPPT~1Bz:ti1j¾fr%fflGrf't~lO~ITT7](f[!J_]~E§!X~~ o7-kf~~ 
1t00~HSPPT~1'A~~~1Jkta~ST1 rffiITT [X~Jj( f:l:tl!M1$JLl~=~1Jkta~ST2rffiITT Yi~ 
IX~, :3f Jl PT~~~~~¥1[~~1tttVSPll0~=¥1L~~1tttVSP21~llt3itlo 
[ o 149 J ~ r II ti tEll ffi ~ PT ~ JffijjJitEll :JL 3!:ri JLlMOS s11t 'l'f o 1IHJi1LDt l3}j ~ J~, ITT~@~ JJTh: 7J rt: , 
~M~ITTL$!X~~r$1X~PT~**%fflG,~®§*~a•~~~!X~LITT~mITT~; 
~~~,PT~~*fflr%fflG~M~ITTI~~ITTI~~;o 
[ 0150] ffi tl:ffi ~ ffl f % p)G ~r II :ritEll ffi ~ ' * _§.±3: pJ ~ 111~ ~~~ ffl ~ ~ fJ f]j.~ {}Z tJDt :ritEll 
:JLITTL$!X~lPr$1X~o 
[0151J $i&3i~M !X~PT ~%fflGft~1Jk/i,m1Jk~M !X~L o ~llt, PT ~!DJ lt~1lk/i,m1Jk~M 
IX~fr*~ffitlffi~~~ffl$,~~~~~m;~m~MIX~fr*~ffitlffi~~~ffl$ITT 
PT~~tL 
[ 0152] ii rt 8 t?: Ji 1t 7F tB lO ta3 J1 T 'jj:_ l3}j ~}~,ITT 7F iYLl ~ JJTh: 7J A ' 18 ~* ~9i ~ ~ im tt* )dn 
~~m,PT~fr~~*~%rt:~m~LITT~~ffi~~~~ffl~~~*ITTff~~ffillo 
[0153] *$ m~*:$~20174=4):j7 B frl"500 ~OiHrtJZ.faDti5tITTl"500 ~tu$ m~l0-
2017-0045114~ITT1Jt~tJZ., ~~$ 179 ~imtt 51 fflfrlftifjf o 
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PTO/SB/140 
Doc Code: PET.AUTO U.S. Patent and Trademark Office 
Document Description: Petition automatically granted by EFS-Web Department of Commerce 

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF 
THE ISSUE FEE UNDER 37 CFR 1.313(c) 

Application Number 16402202 

Filing Date 02-May-2019 

First Named Inventor Wenyu Hua 

Art Unit 2812 

Examiner Name SYEDGHEYAS 

Attorney Docket Number 10018-01-0045-US 

Title 
THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR FORMING THE SAME 

An application may be withdrawn from issue forfurther action upon petition by the applicant. To request thatthe Office 
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § l. l 7(h) and a 
showing of good and sufficient reasons why withdrawal of the application from issue is necessary. 

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313(c). 

A grantable petition requires the following items: 
(1) Petition fee; and 
(2) One of the following reasons: 
(a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims 
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or 
claims to be patentable; 
(b) Consideration of a request for continued examination in compliance with § 1.114 (for a utility or plant application only); or 
(c) Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a 
CPA under 37 CFR l .53(d). 

Petition Fee 

0 Small Entity 

0 Micro Entity 

@ Regular Undiscounted 

Reason for withdrawal from issue 
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0 One or more claims are unpatentable 

@ Consideration of a request for continued examination (RCE) (List of Required Documents and Fees) 

0 
Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must 
have power of attorney pursuant to 37 CFR 1.32(b)). 

RCE request,submission, and fee. 

□ 
I certify, in accordance with 37 CFR 1.4(d)(4) that: 

The RCE request ,submission, and fee have already been filed in the above-identified application on 

Are attached. 
[81 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ 
An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney 
in this application. 

0 An attorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity. 

0 A sole inventor 

0 
A joint inventor; I certify that I am authorized to sign this submission on behalfof all of the inventors as evidenced by the 
power of attorney in the application 

0 A joint inventor; all of whom are signing this e-petition 

Signature /Zhiwei Zou/ 

Name ZhiweiZou 

Registration Number 66041 
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Electronic Patent Application Fee Transmittal 

Application Number: 16402202 

Filing Date: 02-May-2019 

Title of Invention: 
THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR FORMING THE 

SAME 

First Named Inventor/Applicant Name: Wenyu Hua 

Filer: Zhiwei Zou/Anna O'Connor 

Attorney Docket Number: 10018-01-0045-US 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

PETITION FEE- 37 CFR 1.1 ?(H) (GROUP Ill) 1464 1 140 140 

RCE- 1 ST REQUEST 1801 1 1360 1360 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1500 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Decision Date : October 30, 2020 

In re Application of: 

Wenyu Hua 

Application No: 16402202 

Filed: 02-May-2019 

Attorney Docket No: 10018-01-0045-US 

DECISION ON PETITION 

UNDER CFR 1.313(c)(2) 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed October 30, 2020 , to withdraw the above-identified 
application from issue after payment of the issue fee. 

The petition is GRANTED. 

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for 
continued examination). See 37 CFR 1.313(c)(2). 

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again 
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance. 

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197. 

This application file is being referred to Technology Center AU 2812 for processing of the request for continuing examination 
under 37 CFR 1.114. 

Office of Petitions 
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Electronic Acknowledgement Receipt 

EFSID: 41003286 

Application Number: 16402202 

International Application Number: 

Confirmation Number: 7288 

Title of Invention: 
THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR FORMING THE 
SAME 

First Named Inventor/Applicant Name: Wenyu Hua 

Customer Number: 153988 

Filer: Zhiwei Zou/Anna O'Connor 

Filer Authorized By: Zhiwei Zou 

Attorney Docket Number: 10018-01-0045-US 

Receipt Date: 30-OCT-2020 

Filing Date: 02-MA Y-2019 

Time Stamp: 23:01:30 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1500 

RAM confirmation Number E20200TN01234819 

Deposit Account 602227 

Authorized User Anna O'Connor 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.21 (Miscellaneous fees and charges) 

37 CFR 1.20 (Post Issuance fees) 

Micron Ex. 1002, p. 776 
Micron v. YMTC 
IPR2024-00910



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

207510 

1 
Quick Path Information Disclosure 10018-01-0045-

1 no 
Statement US_RequestQPIDS.pdf 

193d6a94be0ce9ec78694 75ae848ae81 Sa6 
a3ff5 

Warnings: 

Information: 

697606 

2 
Request for Continued Examination 

10018-01-0045-US_RCE.pdf no 3 
(RCE) 

45a 1729538edc4eed0861 bbd6bc7e43fbc0 
407c3 

Warnings: 

Information: 

612227 

3 
Information Disclosure Statement (IDS) 10018-01-0045-

4 
Form (SB08) US_IDS4_SB082.pdf 

no 
97e202d544648d8087fecb8ab4be4afa467 

3ff97 

Warnings: 

Information: 

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for 
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if 
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available 
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent 
Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems. 

16561670 

4 Foreign Reference CN 108886040_Bibl.pdf no 57 
9d78133f8ec8ab56cb0994f6457161 e96d5 

ee64d 

Warnings: 

Information: 

3478924 

5 Foreign Reference CN104157654_Bibl.pdf no 17 
b3cc7f357208bac87a756a9762b3471 5354 

57Sf0 

Warnings: 

Information: 
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22383153 

6 Foreign Reference W02018071143A2.pdf no 93 
e74f5cd 1 cd7e7077e02001 Ode8aa6a89772 

beccO 

Warnings: 

Information: 

10674009 

7 Foreign Reference CN 108695336_Bibl.pdf no 53 
de Off 4d b6e5 e4 994 2 923125 26d 1 d 87 c3 de9 

a4e5e 

Warnings: 

Information: 

31574 

8 Petition automatically granted by EFS petition-request.pdf no 2 
ddb4f8fdefcc58f81 cb45aa614b7885431 OS 

a9eb 

Warnings: 

Information: 

32145 

9 Fee Worksheet (5B06) fee-info.pdf no 2 
7bed84c816594fe83961 d4b817ad4367f5a 

bb4ee 

Warnings: 

Information: 

Total Files Size (in bytes) 54678818 

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

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: QPIDS.REQ 
Document Description: Quick Path Information Disclosure Statement 

PTO/SB/09 (08-14) 

CERTIFICATION AND REQUEST FOR CONSIDERATION OF AN INFORMATION DISCLOSURE 
STATEMENT FILED AFTER PAYMENT OF THE ISSUE FEE UNDER THE QPIDS PILOT PROGRAM 

Non-Provisional Application Number: 
16402202 Filing Date: May 2, 2019 

First Named Inventor: Wenyu HUA Title of Invention: THREE-DIMENSIONAL MEMORY DEVICE AND 
METHOD FOR FORMING THE SAME 

THE UNDERSIGNED HEREBY CERTIFIES AND REQUESTS THE FOLLOWING FOR THE ABOVE­
IDENTIFIED APPLICATION. 

1. Consideration is requested of the information disclosure statement (IDS) submitted herewith, which is being 
filed after payment of the issue fee. 

2. Check the box next to the appropriate selection: 

0 Each item of information contained in the IDS was first cited in any communication from a foreign patent 
office in a counterpart foreign application not more than three months prior to the filing of the IDS. See 
37 CFR 1.97(e)(1). 

OR 

D No item of information contained in the IDS was cited in a communication from a foreign patent office in a 
counterpart foreign application, and, to the knowledge of the person signing the certification after making 
reasonable inquiry, no item of information contained in the IDS was known to any individual designated in 
37 CFR 1.56(c) more than three months prior to the filing of the IDS. See 37 CFR 1.97(e)(2). 

3. Please charge the IDS fee set forth in 37 CFR 1.17(p) to Deposit Account No. _6_0_-2_2_2_7 _____ _ 

4. A Petition to Withdraw from Issue After Payment of the Issue Fee (37 CFR 1.313(c)(2)), including the 
petition fee set forth in 37 CFR 1.17(h), is submitted herewith as a Web-based ePetition. 
WARNING: Do not submit the petition as a follow-on paper via EFS-Web. Submit the petition as a Web­
based ePetition by signing on to EFS-Web as a registered user, selecting the radio button next to "Existing 
application/patent," and then selecting the radio button next to "ePetition (for automatic processing and 
immediate grant, if all petitions requirements are met)." Failure to use the Web-based ePetition interface will 
result in automatic entry of the RCE. 

5. A request for continued examination (RCE) under 37 CFR 1.114 and the RCE fee under 37 CFR 1.17(e) are 
submitted herewith. 

6. The RCE will be treated as a "conditional" RCE. In the event the examiner determines that any item of 
information contained in the IDS necessitates the reopening of prosecution in the application, the 
undersigned understands that (i) the RCE will be processed and treated as an RCE under 37 CFR 1.114 
and therefore (ii) the IDS fee under 37 CFR 1.17(p) will be returned in accordance with 37 CFR 1.97(b)(4). In 
the event that no item of information in the IDS necessitates reopening prosecution, the undersigned 
understands that the RCE will not be processed and the RCE fee under 37 CFR 1.17(e) will be returned. 

7. This certification and request is being filed as a Web-based ePetition and is not accompanied by an 
amendment to the application. Inclusion of an amendment will result in automatic entry of the RCE. 

Signature /Zhiwei Zou/ Date 1 0/30/2020 

Practitioner 

~p~~~Typed) Zhiwei Zou Registration Number 66 Q4 1 
(If applicable) ' 

Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with 
37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one 
signature, see below.* 

0 *Total of 1 forms are submitted. --

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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United States Patent and Trademark Office 

Document Code:VVFEE 

User :75320 

Sale Accounting Date:i i/02/2020 

Sale Item Reference Number 
16402202 

Qfjfrc ('.f the Chi~f Fimmclal Qjjfrer 

Effective Date 
10/30/2020 

Document Number 
I2020A2C 12391491 

Fee Code Fee Code Description Amount Paid 
$260.00 1806 SUBMISSION- INFORMATION 

DISCLOSURE STMT 

Payment Method 
Deposit Account 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/402,202 05/02/2019 

153988 7590 11/09/2020 

Bayes PLLC 
1765 Greensboro Station Place 
Suite 900 
McLean, VA 22102 

FIRST NAMED INVENTOR 

WenyuHua 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

10018-01-0045-US 

CONFIRMATION NO. 

7288 

EXAMINER 

GHEYAS, SYED I 

ART UNIT PAPER NUMBER 

2812 

NOTIFICATION DATE DELIVERY MODE 

11/09/2020 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

USPTO@dockettrak.com 
eofficeaction@appcoll.com 
uspto@bayes.law 

PTOL-90A (Rev. 04/07) 
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Corrected 
Notice of Allowability 

Application No. 
16/402,202 
Examiner 
SYED I GHEYAS 

Applicant(s) 
Hua et al. 
Art Unit 
2812 I AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 10/30/2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-14 and 21-26. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 10/30/2020. 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/SYED I GHEYAS/ 
Primary Examiner, Art Unit 2812 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20201104 
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Application/Control Number: 16/402,202 
Art Unit: 2812 

Notice of Pre-AJA or AJA Status 

Page 2 

L The present application, filed on or after 1farch 16. 2013, is being examined under the 

first invemor to file provisions of the AJA. 

Information Disclosure Statement 

1. The information disclosure statement (IDS) submitted on October 30, 2020 was filed 

after the mailing date of the Notice of Allowance on 10/26/2020. The submission is in 

compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure 

statement is being considered by the examiner. 

Allowable Subject Matter 

Claims 1-14 & 21-26 are allowed. 

The following is an examiner's statement of reasons for allowance: The reasons for 

allowance have not changed since the previous Office Action (Notice of Allowance, mailed on 

10/26/2020). 

Conclusion 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 
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Application/Control Number: 16/402,202 
Art Unit: 2812 

Any inquiry concerning this communication or earlier communications from the 

Page 3 

examiner should be directed to SYED GHEYAS whose telephone number is (571)272-0592. 

The examiner can normally be reached on M to F: 7:30 AM to 5 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Charles Garber can be reached on 571-272-2194. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

11/04/2020 
/SYED I GHEY AS/ 
Primary Examiner, Art Unit 2812 
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Receipt date: 10/30/2020 16/402,202 - GAU: 2812 

Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

Application Number 16402202 

Filing Date )019-05-02 

INFORMATION DISCLOSURE First Named Inventor l~enyuHUA 
STATEMENT BY APPLICANT 

Art Unit 12812 
( Not for submission under 37 CFR 1.99) 

Examiner Name I GHEYAS, SYED I. 

Attorney Docket Number 110018-01-0045-US 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 ~08886040 CN A 2018-11-23 $ANDISK 
ll"ECHNOLOGIES LLC 

NSTOF 
2 ~04157654 CN A 2014-11-19 MICROELECTRONICS 

CAS 

3 ~018071143 WO A2 2018-04-19 MONOLITHIC 3D INC. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /S.I.G/ 
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Receipt date: 10/30/2020 16/402,202 - GAU: 2812 

Application Number 16402202 

Filing Date 2019-05-02 

INFORMATION DISCLOSURE First Named Inventor I Wenyu HUA 
STATEMENT BY APPLICANT 

Art Unit 2812 
( Not for submission under 37 CFR 1.99) 

Examiner Name I GHEYAS, SYED I. 

Attorney Docket Number 10018-01-0045-US 

SAMSUNG 
4 ~08695336 CN A 2018-10-23 f::LECTRONICS CO LTD 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /SYED I GHEYAS/ I Date Considered I 11/03/2020 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i1 
English language translation is attached. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /S.I.G/ 
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Receipt date: 10/30/2020 16/402,202 - GAU: 2812 

Application Number 16402202 

Filing Date 2019-05-02 

INFORMATION DISCLOSURE First Named Inventor I Wenyu HUA 
STATEMENT BY APPLICANT 

Art Unit 2812 
( Not for submission under 37 CFR 1.99) 

Examiner Name I GHEYAS, SYED I. 

Attorney Docket Number 10018-01-0045-US 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e)(1). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /Zhiwei Zou/ Date (YYYY-MM-DD) 2020-10-30 

Name/Print Zhiwei Zou Registration Number ~6,041 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour 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. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /S.I.G/ 
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Receipt date: 10/30/2020 16/402,202 - GAU: 2812 

Privacy Act Statement 

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb 2.1.17 
ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /S.I.G/ 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/402,202 12/08/2020 

153988 7590 11/18/2020 

Bayes PLLC 
1765 Greensboro Station Place 
Suite 900 
McLean, VA 22102 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10861872 10018-01-0045-US 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

7288 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Wenyu Hua, Wuhan, CHINA; 
YANGTZE MEMORY TECHNOLOGIES CO., LTD., Wuhan, CHINA; 
Fandong Liu, Wuhan, CHINA; 
Zhiliang Xia, Wuhan, CHINA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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