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Application Number 

Title of Invention DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO ARCHITECTURE 

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

Secrecy Order 37 CFR 5.2: 

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

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El ~ANG-TING I ~UE I El 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City Es1NcHu l1country of Residence i I~ I 

Mailing Address of Inventor: 

Address 1 ':,/0 MACRONIX NO. 16 LI-HSIN ROAD 

Address 2 ~CIENCE-BASED INDUSTRIAL PARK 

City I ~SINCHU I State/Province 11 

Postal Code 11 I Countryi I~ 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

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

Customer Number t6353 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO ARCHITECTURE 

Attorney Docket Number MXIC 2194-1 I Small Entity Status Claimed □ 
Application Type Non provisional T 

Subject Matter Utility T 

Total Number of Drawing Sheets (if any) 1112 I Suggested Figure for Publication (if any) 11 
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Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

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

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

I 

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

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

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

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner IO Limited Recognition (37 CFR 11.9) 

Customer Number ~6353 

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

Prior Application Status I I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I I I· I 
Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 
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Foreign Priority Information: 

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

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

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

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

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

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

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

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

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

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

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

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

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

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

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

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

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

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

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

any documents and information identified in subsection 1A above. 

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

application. 

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

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

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

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

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

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I t,iACRONIX INTERNATIONAL CO., LTD. 

Mailing Address Information For Applicant: 

Address 1 NO. 16 LI-HSIN ROAD 

Address 2 $CIENCE-BASED INDUSTRIAL PARK 

City HSINCHU State/Province 

Country I !rw Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Assignee 11 

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

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. ~ 
Organization Name I t,nACRONIX INTERNATIONAL CO., LTD. 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 NO. 16 LI-HSIN ROAD 

Address 2 SCIENCE-BASED INDUSTRIAL PARK 

City i--JSINCHU I I State/Province 

Countryi I rw Postal Code 

Phone Number Fax Number 

Email Address 

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

Signature: Remove 

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

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

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

Signature vYidingWu/ Date (YYYY-MM-DD) ~017-01-20 

First Name ~IDING I Last Name I r'u Registration Number 65992 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime 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: 

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 PatentCooperationTreaty. 

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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DECLARATION (37 C.F.R. 1.63) FOR UTILITY PATENT APPLICATION USING AN 
APPLICATION DATA SHEET (37 C.F.R. 1.76) AND ASSIGNMENT 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO 
ARCHITECTURE 

As a below named inventor, I hereby declare that: 

This declaration is directed to the attached application, or (if following box is checked): 

[ ] United States application or PCT international application number filed on. 

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

I believe that I am the original inventor or an original joint inventor of a claimed invention in the 
application. 

I have reviewed and understand the contents of the application, including the claims. 

I am aware of the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in 37 CFR Section 1.56. 

Whereas, the undersigned inventor(s) has/have made certain inventions, improvements, and discoveries 
(herein referred to as the "Invention") disclosed in the above-identified patent application and further 
identified by the Docket Number provided above in the header of this document; 

Whereas, Macronix International Co., Ltd., a corporation of Taiwan having a place of business at No. 16 
Li-Hsin Road, Science-Based Industrial Park, Hsinchu, Taiwan (herein referred to as "Macronix"), 
desires to acquire, and each undersigned inventor desires to grant to Macronix, the entire worldwide right, 
title, and interest in and to the Invention and in and to any and all patent applications and patents directed 
thereto; 

Now, therefore, for good and valuable consideration, the receipt and sufficiency thereof being hereby 
acknowledged, each undersigned inventor ("ASSIGNOR") hereby sells or has sold, assigns or has 
assigned, and otherwise transfers or has transferred to Macronix (the "ASSIGNEE"), its successors, legal 
representatives, and assigns, the entire worldwide right, title, and interest in and to the Invention, the 
above-identified United States patent application, and any and all other patent applications and patents for 
the Invention which may be applied for or granted therefor in the United States and in all foreign 
countries and jurisdictions, including all divisions, continuations, reissues, reexaminations, renewals, 
extensions, counterparts, substitutes, and extensions thereof, and all rights of priority resulting from the 
filing of such applications and granting of such patents. In addition, each undersigned inventor hereby 
authorizes and requests the Director of the United States Patent and Trademark Office to issue any United 
States Patent, and foreign patent authorities to issue any foreign patent, granted for the Invention, to 
Macronix, its successors, legal representatives, and assigns, the entire worldwide right, title, and interest 
in and to the same to be held and enjoyed by Macronix, its successors, legal representatives, and assigns 
to the full end of the terms for which any and all such patents may be granted, as fully and entirely as 
would have been held and enjoyed by the undersigned had this Assignment not been made; and each 
undersigned inventor agrees to execute any and all documents and instruments and perform all lawful acts 
reasonably related to recording this Assignment or perfecting title to the Invention and all related patents 
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and applications, in Macronix, its successors, legal representatives, and assigns, whenever requested by 
Macronix, its successors, legal representatives, or assigns. 

Each undersigned inventor acknowledges their prior and ongoing obligations to sell, assign, and transfer 
the rights under this Assignment to Macronix and is unaware of any reason why they may not have the 
full and unencumbered right to sell, assign, and transfer the rights hereby sold, assigned, and transferred, 
and has not executed, and will not execute, any document or instrument in conflict herewith. Each 
undersigned inventor also hereby grants Macron.ix, its successors, legal representatives, and assigns, the 
right to insert in this Assignment any further identification (including, but not limited to, patent 
Application Number) which may be necessary or desirable for recordation of this Assignment. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 
U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both. 

(1) Legal Name oflnventor: HANG-TING LUE 8~/i! 

{00571385.DOCX } 

Page 2 of 2 

Micron Ex. 1022, p. 11 
Micron v. YMTC 
IPR2024-00793 



MXIC 2194-1 
(Pl050004US) 

DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND 
ARCHITECTURE 

Inventor: Hang-Ting Lue g ~M 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to high density memory devices, and 

particularly to memory devices in which multiple planes of memory cells are arranged to 

provide a three-dimensional 3D array. 

Description of Related Art 

[0002] As critical dimensions of devices in integrated circuits shrink to the limits 

of common memory cell technologies, designers have been looking to techniques for 

stacking multiple planes of memory cells to achieve greater storage capacity, and to 

achieve lower costs per bit. For example, thin-film transistor techniques are applied to 

charge trapping memory technologies in Lai, et al., "A Multi-Layer Stackable Thin-Film 

Transistor (TFT) NAND-Type Flash Memory," IEEE Int'l Electron Devices Meeting, 11-

13 Dec. 2006; and in Jung et al., "Three Dimensionally Stacked NAND Flash Memory 

Technology Using Stacking Single Crystal Si Layers on ILD and TANOS Structure for 

Beyond 30nm Node," IEEE Int'l Electron Devices Meeting, 11-13 Dec. 2006. 

[0003] Three dimensionally stacked NAND flash memory with a charge trap layer 

(SiN) has a lateral charge migration issue, where lateral charge migration is expected to 

cause problems because the charge trap layer is shared between word lines. Lateral 

charge migration can cause unwanted results in a negative shift of the threshold voltage 

(VI) and a positive shift of the string read current immediately after programming. See 

Choi et al., "Comprehensive evaluation of early retention (fast charge loss within a few 

seconds) characteristics in tube-type 3-D NAND Flash Memory," IEEE 2016 Symposium 

on VLSI Technology Digest of Technical Papers. 

[0004] It is desirable to provide a structure for three-dimensional integrated circuit 

memory including a charge trap layer (SiN) without lateral charge migration issues. 
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SUMMARY 

[0005] A vertical channel memory is described, which can be configured as a 3D 

NAND flash memory device. The memory device can include discrete charge trapping 

elements in recessed regions on opposing sidewalls of conductive strips in stacks of 

conductive strips. In embodiments, the discrete charge trapping elements are dielectric 

charge trapping elements. 

[0006] In an example described herein, the memory device comprises a plurality 

of stacks of conductive strips alternating with insulating strips, where the insulating strips 

in the stacks have first and second sides, and the conductive strips in the stacks have first 

sidewalls recessed relative to the first sides of the insulating strips which define first 

recessed regions in sides of the stacks. 

[0007] The memory device comprises vertical channel pillars disposed between 

the stacks, where the vertical channel pillars have first and second channel films disposed 

on adjacent stacks in the plurality of stacks and a dielectric material between and 

contacting the first and second channel films. 

[0008] The memory device comprises data storage structures at cross points of the 

vertical channel pillars between the stacks and the conductive strips in the stacks. The 

data storage structures can include tunneling layers in contact with the vertical channel 

pillars, discrete charge trapping elements in contact with the tunneling layers, and 

blocking layers between the discrete charge trapping elements and the first sidewalls of 

the conductive strips. The discrete charge trapping elements are disposed in the first 

recessed regions on the first sidewalls of the conductive strips. In embodiments, the 

discrete charge trapping elements disposed in the first recessed regions are dielectric 

charge trapping elements. 

[0009] The conductive strips in the stacks can have second sidewalls opposite the 

first sidewalls recessed relative to the second sides of the insulating strips which define 

second recessed regions on the second sidewalls of the conductive strips. The data 

storage structures can include discrete charge trapping elements disposed in the second 

recessed regions in contact with the tunneling layers, and blocking layers between the 

discrete charge trapping elements in the second recessed regions and the second sidewalls 

{00541945.DOC} 

Page 2 of 28 

Micron Ex. 1022, p. 13 
Micron v. YMTC 
IPR2024-00793 



MXIC 2194-1 
(Pl050004US) 

of the conductive strips. In embodiments, the discrete charge trapping elements disposed 

in the second recessed regions are dielectric charge trapping elements. 

[0010] As described herein, discrete charge trapping elements are disposed in the 

first and second recessed regions on the opposing first and second sidewalls of 

conductive strips in a plurality of stacks of conductive strips, where the discrete charge 

trapping elements disposed in the first recessed regions on the first sidewall of 

conductive strips in a particular stack are separated from the discrete charge trapping 

elements disposed in the second recessed regions on the second sidewall of conductive 

strips in an adjacent stack by a vertical channel pillar disposed between the particular 

stack and the adjacent stack, the vertical channel pillar having first and second channel 

films disposed on adjacent stacks in the plurality of stacks and a dielectric material 

between and contacting the first and second channel films. At layers of conductive strips 

in the stacks in a direction along the conductive strips (e.g. X-direction, FIG. 10), the 

discrete charge trapping elements and the vertical channel pillars are isolated by 

insulating structures (e.g. 1001-1009, FIG. 10) through the layers of conductive strips. 

[0011] In one embodiment, the conductive strips in the plurality of stacks of 

conductive strips can include a semiconductor material such as polysilicon. In another 

embodiment, the conductive strips in the plurality of stacks of conductive strips can 

include a metal material such as tungsten. 

[0012] The vertical channel pillars can be arranged so that a first row of the 

vertical channel pillars disposed on the first sidewalls of a particular stack of conductive 

strips is offset in a row direction from a second row of the vertical channel pillars 

disposed on the second sidewalls of the particular stack of conductive strips 

[0013] Methods for manufacturing memory devices as described herein are also 

provided. In one embodiment, a method for manufacturing includes forming stacks of 

conductive strips including a semiconductor material such as polysilicon. In another 

embodiment, a method for manufacturing includes forming stacks of conductive strips 

including a metal material such as tungsten. 

[0014] Other aspects and advantages of the present invention can be seen on 

review of the drawings, the detailed description and the claims, which follow. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a simplified perspective diagram of a 3D SGVC NAND 

memory device. 

[0016] Figures 2 through 10 illustrate an example process flow for a memory 

architecture including data storage structures including discrete charge trapping elements. 

[0017] Figure 11 is an example flow chart illustrating a manufacturing method for 

a memory architecture including data storage structures including discrete charge 

trapping elements. 

[0018] Figures 12-17 illustrate an example process flow for an alternative memory 

architecture including data storage structures including discrete charge trapping elements. 

[0019] Figure 18 is an example flow chart illustrating a manufacturing method for 

an alternative memory architecture including data storage structures including discrete 

charge trapping elements, using a gate replacement process after forming the data storage 

structures. 

[0020] Figure 19 is a block diagram of an integrated circuit memory including a 

3D memory array including discrete charge trapping elements in recessed regions on 

sidewalls of conductive strips. 

DETAILED DESCRIPTION 

[0021] A detailed description of embodiments of the present invention is provided 

with reference to the Figures. It is to be understood that there is no intention to limit the 

technology to the specifically disclosed structural embodiments and methods but that the 

technology may be practiced using other features, elements, methods and embodiments. 

Preferred embodiments are described to illustrate the present technology, not to limit its 

scope, which is defined by the claims. Those of ordinary skill in the art will recognize a 

variety of equivalent variations on the description that follows. Like elements in various 

embodiments are commonly referred to with like reference numerals. 

[0022] Figure 1 is a simplified perspective diagram of a 3D NAND flash memory 

device, according to a 3D vertical channel technology having a structure as described in 

co-pending U.S. Patent Application No. 14/637,204 (Attorney Docket No. MXIC 2147-
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lB), filed on 3 March 2015, which application is incorporated by reference as if fully set 

forth herein. 

[0023] The memory device includes a plurality of stacks of conductive strips. The 

plurality of stacks of conductive strips includes even stacks ( e.g. 112 and 114) and odd 

stacks (e.g. 111 and 113). The even stacks of conductive strips 112 and 114 include upper 

strips configured as string select lines (e.g. SSL0 and SSLl), and intermediate strips 

configured as word lines (e.g. WL). An even stack (e.g. 112) can also include a dummy 

strip (e.g. DGl) between the upper strip (e.g. SSL0) and the intermediate strips (e.g. 

WLs) in the even stack, which is not configured to form a memory cell for data storage. 

[0024] The odd stacks of conductive strips (e.g. 111 and 113) in the memory 

device can include upper strips configured as ground select lines (e.g. GSL0 and GSLl). 

An odd stack ( e.g. 111) can also include a dummy strip ( e.g. DG0) between the upper 

strip (e.g. GSL0) and the intermediate strips (e.g. WLs) in the odd stack, which is not 

configured to form a memory cell for data storage. At least one of the even stacks and 

odd stacks of conductive strips can include bottom strips configured as assist gates (AG) 

disposed below the intermediate strips. 

[0025] The stacks of conductive strips can be disposed on an insulating layer 101 

which can comprise a silicon oxide or other dielectric on a semiconductor substrate. The 

stacks 111-114 include layers of insulating material 121, 122, 123, 124, 125 and 126, 

separating the conductive strips in the stacks from one another. The conductive material 

can be a polysilicon material or other material selected for compatibility with the data 

storage structure. The layers of insulating material can comprise silicon dioxide 

deposited in a variety of ways as known in the art. Also, the layers of insulating material 

can comprise other insulating materials, and combinations of insulating materials. In this 

example, all of the insulating layers consist of the same material. In other examples, 

different materials can be used in different layers as suits a particular design goal. 

[0026] Data storage structures 130 are disposed on the sidewalls of the 

corresponding even and odd stacks of conductive strips. Semiconductor films 140 are 

disposed on the data storage structures 130 on the sidewalls of the corresponding even 

and odd stacks. An insulating material 150 such as silicon dioxide is filled between stacks 

on the inside surfaces of the semiconductor films 140. In one embodiment, the insulating 
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material 150 can completely fill the regions between the stacks. In another embodiment, 

the insulating material 150 can leave an air gap 161 at least in regions adjacent the 

intermediate strips of conductive strips (e.g. WL). 

[0027] Semiconductor films 140 include portions 170 and 171 which overlie the 

odd stacks 111 and 113respectively. Portions 173, 174 and 175 of the semiconductor 

films 140 overlie the even stack 112. Portions 177, 178 and 179 of the semiconductor 

films 140 overlie the even stack 114. The portions 170 and 171 connect the 

semiconductor films having outside surfaces disposed on the data storage structures on 

the sidewalls of the odd stacks 111 and 113on the common source side of the NAND 

strings together and provide landing areas for interlayer connectors for connection to a 

common source line. The portions 173, 174, 175, 177, 178 and 179 are separated and 

provide landing areas for interlayer connectors making independent connections to bit 

lines. 

[0028] A patterned conductor layer or layers overlie the stacks. A first interlayer 

connector connects a first conductor (e.g. bit lines BL0, BL 1, BL2) to a top surface of a 

first semiconductor film on the data storage structures on the sidewalls of an even stack 

in the plurality of stacks ( e.g. 112, 114). A second interlayer connector connects a 

second conductor (e.g. source reference conductor lines 190 and 194) to a top surface of a 

second semiconductor film on the data storage structures on the sidewalls of a 

corresponding odd stack in the plurality of stacks (e.g. 111 and 113). 

[0029] Data storage structures 130 can include a tunneling layer 132, a charge 

storage layer 131, and a blocking layer 133. The data storage structures 130 can include 

for example dielectric charge trapping materials known as ONO (oxide-nitride-oxide), 

ONONO (oxide-nitride-oxide-nitride-oxide), SONOS (silicon-oxide-nitride-oxide­

silicon), BE-SONOS (bandgap engineered silicon-oxide-nitride-oxide-silicon), TANOS 

(tantalum nitride, aluminum oxide, silicon nitride, silicon oxide, silicon), and MA BE­

SONOS (metal-high-k bandgap-engineered silicon-oxide-nitride-oxide-silicon). 

[0030] Semiconductor films 140 have outside surfaces and inside surfaces. The 

outside surfaces are disposed on the data storage structures on the sidewalls of the 

corresponding even and odd stacks in the plurality of stacks forming a 3D array of 

memory cells (e.g. 135). The semiconductor films 140 are connected to form a current 
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path 145 from an upper end to a lower end of the semiconductor film on the 

corresponding even stacks, and from a lower end to an upper end of the semiconductor 

film on the corresponding odd stacks. 

[0031] The even stacks ( e.g. 114) in the plurality of stacks include string select 

switches (e.g. 137) coupled to first string select lines (e.g. SSLl). The string select 

switches can include the data storage structures 130 on the sidewalls of the even stacks 

( e.g. 114) in the plurality of stacks. The data storage structures 130 can include charge 

trapping nitride material such as ONO, as described above. 

[0032] Figures 2 through 10 illustrate an example process flow for a memory 

architecture including data storage structures including discrete charge trapping elements. 

To form the structure shown in Figure 2, a plurality of layers of a conductive material, 

such as doped polysilicon, or other material suitable for use as word lines, separated by 

layers of insulating material are disposed over a substrate ( e.g. 200). 

[0033] Figure 2 illustrates a stage of the process flow after etching the plurality of 

layers of the conductive material, to define a plurality of stacks of conductive strips, 

including stacks 210 and 220, alternating with insulating strips. For instance, stack 210 

includes conductive strips 211, 213, 215 and 217 alternating with insulating strips 212, 

214, 216 and 218, and stack 220 includes conductive strips 221, 223, 225 and 227 

alternating with insulating strips 222, 224, 226 and 228. The conductive strips are 

disposed in a direction X orthogonal to a YZ plane defined by a Y direction and a Z 

direction. Each stack can include a bottom plane (GSL) of conductive strips, a plurality of 

intermediate planes (WLs) of conductive strips, and a top plane of conductive strips 

(SSLs), as shown in Figure 1. Although as shown in the example of Fig. 2, a trench (e.g. 

250) separating two adjacent stacks ( e.g. 210, 220) is flush with a top surface of a 

substrate ( e.g. 200), in embodiments, the trench can extend into the substrate. 

[0034] As shown in the example of Figure 2, a stack (e.g. 220) or an insulating 

strip (e.g. 228) can have a width of about 110nm (nanometers), an insulating strip (e.g. 

228) can have a thickness of about 20nm, and a conductive strip (e.g. 227) can have a 

thickness of about 50nm. 

[0035] The insulating strips in the stacks have first and second sides. For instance, 

an insulating strip 218 has a first side 218a and a second side 218b. The conductive strips 
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in the stacks have first and second sidewalls. For instance, a conductive strip 217 has a 

first sidewall 217a and a second sidewall 217b. 

[0036] Figure 3 illustrates a stage of the process flow after recessing the first 

sidewalls of the conductive strips relative to the first sides of the insulating strips to 

define first recessed regions in sides of the stacks. For instance, the first sidewall 217a of 

the conductive strip 217 is recessed relative to the first side 218a of the insulating strip 

218 to define a first recessed region 317a in a side of the stack 210. Similarly, first 

recessed regions 31 la, 313a and 315a are formed on respective first sidewalls of the 

conductive strips 211, 213 and 215 in a first side of the stack 210. Second recessed 

regions 311 b, 313b, 315a and 317b are formed on respective second sidewalls of the 

conductive strips 211, 213 and 215 in a second side of the stack 210 opposite the first 

side. 

[0037] The conductive material in the conductive strips can be recessed by using 

isotropic etching technology. As shown in the example of Figure 3, a conductive strip 

(e.g. 227) can be recessed by about 15 nm (nanometers) on its first sidewall and/or its 

second sidewall. A polysilicon lateral recess process can be performed by adding NF3, 

CH3F, CH2F2 with suitable gas and power in the polysilicon etcher tool. An example 

recipe for the polysilicon lateral recess process can include 180mT/ 500T/TCCT 

1.0/100V(DC25%, Freq 200)/gas equal/ 400NF3 /10CH3F/30CH2F2/ 60-60-56-56/ 20-

He/20. 

[0038] Figure 4-8 illustrate forming a memory layer on sidewalls of conductive 

strips in the plurality of stacks. The memory layer contacts sidewalls of the conductive 

strips in the plurality of stacks. The memory layer can comprise a multilayer data storage 

structure, including tunneling layers, charge trapping material, and blocking layers, 

examples of which are discussed above. In one preferred example, the memory layer is 

implemented as illustrated below with reference to Figures 4-8. 

[0039] Figure 4 illustrates a stage of the process flow after depositing blocking 

layers (e.g. 410) over the first sidewalls (e.g. 217a, Fig. 2) of the conductive strips (e.g. 

217, Fig. 2) in the first recessed regions (e.g. 317a, Fig. 3). The blocking layers (e.g. 410) 

can be deposited over the second sidewalls (e.g. 217b, Fig. 2) of the conductive strips 

(e.g. 217, Fig. 2) in the second recessed regions (e.g. 317b, Fig. 3). The blocking layers 
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(e.g. 410) can be deposited over the first sides (e.g. 218a, Fig. 2) and/or the second sides 

(e.g. 218b, Fig. 2) of the insulating strips (e.g. 218, Fig. 2). For instance, the blocking 

layers can have a thickness of about 10nm. 

[0040] The blocking layers can include a combination of multilayer thin films to 

optimize erase saturation. For instance, the combination of multilayer thin films can 

include layers of materials such as High- K (high dielectric constant as compared to 

silicon dioxide), capped SiN, ONO (Oxide-Nitride-Oxide, e.g. 04, N3, 03) for double 

trapping BE-SONOS (Band-gap Engineered Silicon-Oxide-Nitride-Oxide-Silicon). The 

blocking layers are further described in co-pending U.S. Patent Application No. 

14/637,204 (Attorney Docket No. MXIC 2147-lB), filed on 3 March 2015, which 

application is incorporated by reference as if fully set forth herein. 

[0041] Figure 5 illustrates a stage of the process flow after depositing charge 

trapping material ( e.g. 510) over the blocking layers ( e.g. 410) in the first recessed 

regions (e.g. 311a, 313a, 315a, 317a, Fig. 3). In embodiments, the charge trapping 

material is dielectric charge trapping material. The charge trapping material can be 

deposited over the blocking layers ( e.g. 410) in the second recessed regions ( e.g. 311 b, 

313b, 315b, 317b, Fig. 3). The charge trapping material can be deposited over the 

blocking layers over the first sides (e.g. 218a) and/or the second sides (e.g. 218b) of the 

insulating strips ( e.g. 218). The charge trapping material can include SiN (silicon nitride). 

The charge trapping material can have a thickness of about 15nm to 30nm in the first 

recessed regions and/or the second recessed regions. Although the charge trapping 

material typically includes SiN, the charge trapping material can include SiON, HfO2, 

Al2O3, etc. 

[0042] As shown in the example of Figure 5, the charge trapping material (e.g. 

510) as deposited in the first recessed regions (e.g. 31la,313a, 315a, 317a, Fig. 3) in a 

first side of a stack ( e.g. 210) may not be separated between adjacent first recessed 

regions, because the charge trapping material deposited on sides of the insulating strips 

(e.g. 520) may connect the charge trapping material in adjacent recessed regions. 

Similarly, the charge trapping material ( e.g. 510) as deposited in the second recessed 

regions (e.g. 31 lb, 313b, 315b, 317b, Fig. 3) in a second side of a stack (e.g. 210) may 

not be separated between adjacent second recessed regions. 
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[0043] Figures 6, 7 and 10 illustrate methods to separate the charge trapping 

material into discrete charge trapping elements. In embodiments, the discrete charge 

trapping elements are dielectric charge trapping elements. Figures 6 and 7 illustrate 

methods to separate the charge trapping material between adjacent first recessed regions, 

and between adjacent second recessed regions, in a vertical direction (e.g. the Z­

direction). Figure 10 illustrates methods to separate the charge trapping material in the X­

direction. In the Y-direction, the charge trapping material ( e.g. 510, FIG. 10) is separated 

by the vertical channel pillars (e.g. 910, 920 and 930, FIG. 10) on one side, and by the 

conductive strips (e.g. 217, FIG. 10) on an opposite side. The Z-direction is orthogonal to 

a plane defined by the X-direction and the Y-direction, and the X-direction is orthogonal 

to the Y-direction. 

[0044] Figure 6 illustrates a stage of the process flow after an isotropic etching 

process is applied to the charge trapping material ( e.g. 510), to pull back the charge 

trapping material towards the conductive strips over whose sidewalls the blocking layers 

(e.g. 410, Fig. 4) and the charge trapping material (e.g. 510, Fig. 5) are deposited. The 

isotropic etching process can remove most of the charge trapping material deposited over 

the blocking layers over the first sides and second sides of the insulating strips, while 

keeping the charge trapping material in the first recessed regions and the second recessed 

regions. But a small amount of the charge trapping material ( e.g. 620) may still remain 

over the sides of the insulating strips, connecting the charge trapping material in adjacent 

recessed regions. 

[0045] Figure 7 illustrates a stage of the process flow after an oxidation process is 

applied to oxidize the charge trapping material ( e.g. 510) on sides of the stacks, so that 

the charge trapping material (e.g. SiN) deposited on sides of the insulating strips can be 

oxidized into an oxide layer (e.g. Si ON) on sides of the stacks, while keeping the charge 

trapping material ( e.g. SiN) in the first recessed regions and the second recessed regions. 

The oxide layer thus formed can serve as part of the tunneling layers which are described 

in connection to Figure 8. Consequently, the charge trapping material in adjacent first 

recessed regions on a first side of the stack are separated from each other in a vertical 

direction (e.g. Z-direction), as opposed to being connected via the charge trapping 

material on sides of the insulating strips between adjacent first recessed regions. 
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Similarly the charge trapping material in adjacent second recessed regions on a second 

side of the stack are separated from each other in the vertical direction, as opposed to 

being connected via the charge trapping material on sides of the insulating strips between 

adjacent second recessed regions. 

[0046] Figure 8 illustrates a stage of the process flow after depositing tunneling 

layers ( e.g. 810) over the charge trapping material in the first recessed regions on the first 

side of the stacks and in the second recessed regions on the second side of the stacks. The 

tunneling layers can include a bandgap engineered composite tunneling dielectric layer 

comprising a layer of silicon dioxide less than 2 nm thick. In one embodiment, the 

composite tunneling dielectric layer consists of an ultrathin silicon oxide layer 0 1 (e.g. 

<=ISA), an ultrathin silicon nitride layerN1 (e.g.< =30A) and an ultrathin silicon oxide 

layer 0 2 (e.g. <=3SA), which results in an increase in the valence band energy level of 

about 2.6 eV at an offset ISA or less from the interface with the semiconductor body. 

The 0 2 layer separates the N1 layer from the charge trapping layer, at a second offset (e.g. 

about 30A to 4SA from the interface), by a region of lower valence band energy level 

(higher hole tunneling barrier) and higher conduction band energy level. The electric 

field sufficient to induce hole tunneling raises the valence band energy level after the 

second location to a level that effectively eliminates the hole tunneling barrier, because 

the second location is at a greater distance from the interface. Therefore, the 0 2 layer 

does not significantly interfere with the electric field assisted hole tunneling, while 

improving the ability of the engineered tunneling dielectric to block leakage during low 

fields. These layers can be conformally deposited using for example LPCVD. 

[0047] Figure 9 illustrates a stage of the process flow after forming vertical 

channel pillars disposed between the stacks, such as between an odd stack 210 and an 

even stack 220. The vertical channel pillars are formed by forming first and second 

channel films ( e.g. 910 and 920) on the data storage structures on sidewalls of adjacent 

stacks, and depositing a dielectric material (e.g. 930) between the first and second 

channel films (e.g. 910 and 920), where the dielectric material contacts the first and 

second channel films (e.g. 910 and 920) on the sidewalls of the adjacent stacks. 

Consequently the vertical channel pillars have first and second channel films disposed on 

the data storage structures on sidewalls of adjacent stacks in the plurality of stacks and a 
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dielectric material between and contacting the first and second channel films. In one 

embodiment, the dielectric material (e.g. 930) can completely fill the regions between the 

stacks. In another embodiment, the dielectric material (e.g. 930) can leave an air gap 961 

at least in regions adjacent the intermediate strips of conductive strips in the stacks (e.g. 

211, 213, 215, 217, 221, 223, 225 and 227). 

[0048] The deposition techniques applied to form layers of materials in the data 

storage structures and channel films can be carried out by LPCVD processes, which 

provide excellent film quality and conformality required. The data storage structures can 

include blocking layers ( e.g. 410), charge trapping material ( e.g. 510), and tunneling 

layers ( e.g. 810). On the other hand, tools such as atomic layer deposition ALD tools can 

be utilized for these films. 

[0049] An even/odd level decoder (e.g. 1950, FIG. 19) can be coupled to a 

plurality of even/odd word lines such as the conductive strips (e.g. 211, 213, 215, 217, 

221, 223, 225, and 227) in the odd stack 210 and the even stack 220 that can act as word 

lines. 

[0050] Figure 10 illustrates a stage of the process flow after etching to isolate the 

data storage structures (e.g. 1010) along the conductive strips (e.g. 217,227, 237), to 

form discrete charge trapping elements ( e.g. 510) , and to isolate the first and second 

channel films (e.g. 910 and 920) and the dielectric material (e.g. 930) between the first 

and second channel films along the conductive strips, to form vertical channel pillars 

between the stacks. The discrete charge trapping elements ( e.g. 510) are in contact with 

the tunneling layers ( e.g. 810) and the blocking layers ( e.g. 410) between the discrete 

charge trapping elements and the first sidewalls of the conductive strips (e.g. 217). The 

data storage structures (e.g. 1010) can include the blocking layers (e.g. 410), the discrete 

charge trapping elements ( e.g. 510), and the tunneling layers ( e.g. 810). The vertical 

channel pillars can include first and second channel films (e.g. 910 and 920) and a 

dielectric material (e.g. 930) between the first and second channel films. 

[0051] Figure 10 is a cross-section taken in the XY plane along a line A-A' which 

is marked in Figure 9. The cross-section illustrates a layout view with a dielectric 

material (e.g. 930) between first and second channel films (e.g. 910 and 920), and an 

insulating structure ( e.g. insulators 1001-1009) isolating the data storage structures ( e.g. 
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1010) and the vertical channel pillars (e.g. 910, 930, 920) along a conductive strip (e.g. 

227). In one embodiment, the dielectric material (e.g. 930) can completely fill the regions 

between the stacks. In another embodiment, the dielectric material (e.g. 930) can leave an 

air gap 961 at least in regions adjacent the intermediate strips of conductive strips in the 

stacks (e.g. 211, 213, 215, 217, 221, 223, 225 and 227). 

[0052] In the layout view, the conductive strips 217, 227 and 237 are illustrated. 

Each of the conductive strips in the cross-section is disposed in a separate stack of 

conductive strips. Although one conductive strip is shown for a respective stack, each 

stack can include multiple conductive strips disposed vertically and separated by 

insulating strips. Vertical channel pillars (e.g. 910, 930 and 920) are disposed between 

the conductive strips (e.g. 217, 227 and 237). 

[0053] In this embodiment, the vertical channel pillars are arranged so that a first 

row of the vertical channel pillars (e.g. 1011-1014) disposed on the first sidewalls (e.g. 

1031) of a particular stack of conductive strips ( e.g. 227) is offset ( e.g. 1090) in a row 

direction (e.g. the X direction) from a second row of the vertical channel pillars (e.g. 

1021-1023) disposed on the second sidewalls (e.g. 1032) of the particular stack of 

conductive strips. This results in a twisted layout allowing a tighter pitch for overlying bit 

lines. 

[0054] The example process flow illustrated in Figures 2 through 10 can result in 

an SGVC (single gate vertical channel) architecture including data storage structures 

including discrete charge trapping elements. The data storage structures are disposed at 

cross points of the vertical channel pillars between the stacks and the conductive strips in 

the stacks. The data storage structures include tunneling layers in contact with the 

vertical channel pillars, discrete charge trapping elements in contact with the tunneling 

layers and blocking layers between the discrete charge trapping elements and the first 

sidewalls of the conductive strips, where the discrete charge trapping elements are 

disposed in the first recessed regions on the first sidewalls of the conductive strips. The 

data storage structures can include blocking layers between the discrete charge trapping 

elements and the second sidewalls of the conductive strips, where the discrete charge 

trapping elements are disposed in the second recessed regions on the second sidewalls of 

the conductive strips. 
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[0055] Figure 11 is a flow chart illustrating a manufacturing method for a memory 

architecture including vertical channel pillars disposed between stacks in a plurality of 

stacks of conductive strips, where the vertical channel pillars have first and second 

channel films disposed on adjacent stacks in the plurality of stacks and a dielectric 

material between and contacting the first and second channel films, and data storage 

structures including discrete charge trapping elements at cross points of the vertical 

channel pillars between the stacks and the conductive strips in the stacks. The method 

includes forming a plurality of stacks of conductive strips alternating with insulating 

strips, where the insulating strips in the stacks have first and second sides, and the 

conductive strips in the stacks have first sidewalls, as described in connection to Figure 2 

(Step 1111). The method includes recessing the first sidewalls of the conductive strips 

relative to the first sides of the insulating strips to define first recessed regions in sides of 

the stacks, as described in connection to Figure 3 (Step 1112). 

[0056] The method includes forming data storage structures in the first recessed 

regions (Step 1113). This step can include depositing blocking layers over the first 

sidewalls of the conductive strips in the first recessed regions as described in connection 

to Figure 4, depositing charge trapping material over the blocking layers in the first 

recessed regions as described in connection to Figures 5-7, and depositing tunneling 

layers over the charge trapping material in the first recessed regions as described in 

connection to Figure 8. 

[0057] Furthermore, depositing the blocking layers can include depositing the 

blocking layers over the first sides of the insulating strips, and depositing the charge 

trapping material can include depositing the charge trapping material over the blocking 

layers over the first sides of the insulating strips, and separating the charge trapping 

material between adjacent first recessed regions. Separating the charge trapping material 

can include removing the charge trapping material over the blocking layers over the first 

sides of the insulating strips, while keeping the charge trapping material in the first 

recessed regions. 

[0058] The method includes forming vertical channel pillars by forming first and 

second channel films on the data storage structures on sidewalls of adjacent stacks (Step 

1114), and depositing a dielectric material between the first and second channel films, the 
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dielectric material contacting the first and second channel films on the sidewalls of the 

adjacent stacks (Step 1115). 

[0059] The method can further include etching to isolate the data storage structures 

along the conductive strips, to form discrete charge trapping elements in contact with the 

tunneling layers and the blocking layers between the discrete charge trapping elements 

and the first sidewalls of the conductive strips, as described in connection with Figure 10. 

[0060] The conductive strips in the stacks of conductive strips can have second 

sidewalls opposite the first sidewalls. The manufacturing method can further include 

recessing the second sidewalls of the conductive strips relative to the second sides of the 

insulating strips to define second recessed regions in sides of the stacks, and forming the 

data storage structures including discrete charge trapping elements as described herein in 

the second recessed regions. 

[0061] Figures 12-17 illustrate an example process flow for an alternative memory 

architecture including data storage structures including discrete charge trapping elements. 

Figure 12 illustrates an architecture similar to that shown in Figure 9. A difference is that 

Figure 9 illustrates stacks of conductive strips (e.g. 211, 213, 215 and 217 in stack 210; 

221, 223, 225, 227 in stack 220), where the conductive strips can include a 

semiconductor material, while Figure 12 illustrates stacks of sacrificial strips (e.g. 1211, 

1213, 1215 and 1217 in stack 1210; 1221, 1223, 1225, 1227 in stack 1220), where the 

sacrificial strips can include a material such as silicon nitride (SiN). 

[0062] Figure 12 illustrates a stage of the process flow after a sequence of process 

steps similar to the process steps illustrated in Figures 2-9, using sacrificial strips instead 

of conductive strips as in Figures 2-9. The sequence of process steps resulting in the stage 

illustrated in Figure 12 includes: 

[0063] Step 1: forming a plurality of stacks of sacrificial strips (e.g. 1211, 1213, 

1215 and 1217 in stack 1210; 1221, 1223, 1225, 1227 in stack 1220) alternating with 

insulating strips (e.g. 1212, 1214, 1216 and 1218 in stack 1210; and 1222, 1224, 1226 

and 1228 in stack 1220), the insulating strips in the stacks having first and second sides, 

and the sacrificial strips in the stacks having first sidewalls. This step is similar to the 

process step described in connection to Figure 2, using sacrificial strips instead of 

conductive strips. 
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[0064] Step 2: recessing the first sidewalls of the sacrificial strips relative to the 

first sides of the insulating strips to define first recessed regions in sides of the stacks. 

This step is similar to the process step described in connection to Figure 3, using 

sacrificial strips instead of conductive strips. 

[0065] Step 3: forming data storage structures in the first recessed regions. This 

step is similar to the process steps described in connection to Figures 4-8. This step can 

include depositing blocking layers ( e.g. 1240) over the first sidewalls of the sacrificial 

strips (e.g. e.g. 1211, 1213, 1215 and 1217 in stack 1210) in the first recessed regions; 

depositing charge trapping material (e.g. 1250) over the blocking layers in the first 

recessed regions; and depositing tunneling layers (e.g. 1280) over the charge trapping 

material in the first recessed regions. 

[0066] Furthermore, depositing the blocking layers in Step 3 can include 

depositing the blocking layers over the first sides of the sacrificial strips. Depositing the 

charge trapping material in Step 3 can include depositing the charge trapping material 

over the blocking layers over the first sides of the sacrificial strips, and separating the 

charge trapping material between adjacent first recessed regions. Separating the charge 

trapping material can include removing the charge trapping material over the blocking 

layers over the first sides of the insulating strips, while keeping the charge trapping 

material in the first recessed regions. 

[0067] Step 4: forming first and second channel films (e.g. 1291 and 1292) on the 

data storage structures on sidewalls of adjacent stacks (e.g. 1210 and 1220). This step is 

similar to the process steps described in connection to Figure 9. 

[0068] Step 5: depositing a dielectric material (e.g. 2193) between the first and 

second channel films (e.g. 1291 and 1292), the dielectric material contacting the first and 

second channel films on the sidewalls of the adjacent stacks (e.g. 1210 and 1220). 

[0069] Figures 13-17 illustrate stages in the process flow to replace the sacrificial 

strips in the stacks with a metal material such as tungsten. Figure 13 illustrates a stage of 

the process flow after etching the stacks (e.g. 1210 and 1220) to form a trench (e.g. 1310, 

1320), exposing the sacrificial strips in the trench (e.g. 1211, 1213, 1215 and 1217 in 

trench 1310; 1221, 1223, 1225, 1227 in trench 1320). 
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[0070] Figure 14 illustrates a stage of the process flow after removing the 

sacrificial strips in the trenches (e.g. 1211, 1213, 1215 and 1217 in trench 1310; 1221, 

1223, 1225, and 1227 in trench 1320). Figure 15 illustrates a stage of the process flow 

after depositing the metal material ( e.g. 1510) in the trenches ( e.g. 1310, 1320). 

[0071] Figures 16 and 17 illustrate a stage of the process flow after separating the 

metal material (e.g. 1510) between the insulating strips in the trench, as shown in the ZY 

plane and the ZX plane. For instance, if the metal material includes tungsten (W), then a 

tungsten etch process can be applied to the metal material ( e.g. 1510) in the trenches to 

separate the metal material between the insulating strips in the trenches. 

[0072] The example process flow illustrated in Figures 12 through 17, using a gate 

replacement process, can result in an SGVC (single gate vertical channel) architecture 

including data storage structures including discrete charge trapping elements, and using a 

metal material for gates. The data storage structures are disposed at cross points of the 

vertical channel pillars between the stacks and the metal strips (e.g. 1510, FIG. 16) in the 

stacks. The data storage structures include tunneling layers in contact with the vertical 

channel pillars, discrete charge trapping elements in contact with the tunneling layers and 

blocking layers between the discrete charge trapping elements and the first sidewalls of 

the metal, where the discrete charge trapping elements are disposed in the first recessed 

regions on the first sidewalls of the metal strips. The data storage structures can include 

blocking layers between the discrete charge trapping elements and the second sidewalls 

of the metal strips, where the discrete charge trapping elements are disposed in the 

second recessed regions on the second sidewalls of the metal strips. 

[0073] Figure 18 is an example flow chart illustrating a manufacturing method for 

an alternative memory architecture, including first forming data storage structures 

including discrete charge trapping elements in recessed regions in sides of stacks of 

sacrificial strips, and then replacing the sacrificial strips in the stacks with a metal 

material to form metal gates. The method includes forming a plurality of stacks ( e.g. 

1210, 1220) of sacrificial strips (e.g. 1211, 1213, 1215 and 1217) alternating with 

insulating strips (e.g. 1212, 1214, 1216 and 1218), where the insulating strips in the 

stacks have first and second sides, and the sacrificial strips in the stacks have first 

sidewalls, as described in connection to Figure 12 (Step 1811 ). The method includes 
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recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

insulating strips to define first recessed regions in sides of the stacks, as described in 

connection to Figure 12 (Step 1812). 

[0074] The method includes forming data storage structures in the first recessed 

regions (Step 1813). This step can include depositing blocking layers ( e.g. 1240) over the 

first sidewalls of the sacrificial strips in the first recessed regions as described in 

connection to Figure 12, depositing charge trapping material (e.g. 1250) over the 

blocking layers in the first recessed regions as described in connection to Figures 5-7, and 

depositing tunneling layers (e.g. 1280) over the charge trapping material in the first 

recessed regions as described in connection to Figure 12. 

[0075] Furthermore, depositing the blocking layers can include depositing the 

blocking layers over the first sides of the insulating strips, and depositing the charge 

trapping material can include depositing the charge trapping material over the blocking 

layers over the first sides of the insulating strips, and separating the charge trapping 

material between adjacent first recessed regions. Separating the charge trapping material 

can include removing the charge trapping material over the blocking layers over the first 

sides of the insulating strips, while keeping the charge trapping material in the first 

recessed regions. 

[0076] The method includes forming vertical channel pillars by forming first and 

second channel films on the data storage structures on sidewalls of adjacent stacks (Step 

1814), and depositing a dielectric material between the first and second channel films, the 

dielectric material contacting the first and second channel films on the sidewalls of the 

adjacent stacks (Step 1815). 

[0077] The method can further include etching to isolate the data storage structures 

along the sacrificial strips, to form discrete charge trapping elements in contact with the 

tunneling layers and the blocking layers between the discrete charge trapping elements 

and the first sidewalls of the sacrificial strips, as described in connection with Figure 10, 

when the stacks include sacrificial strips (e.g. 1217 and 1227, Fig. 12) instead of 

conductive strips (e.g. 217 and 227, Fig. 10). 

[0078] The sacrificial strips in the stacks of sacrificial strips can have second 

sidewalls opposite the first sidewalls. The manufacturing method can further include 
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recessing the second sidewalls of the sacrificial strips relative to the second sides of the 

insulating strips to define second recessed regions in sides of the stacks, and forming the 

data storage structures including discrete charge trapping elements as described herein in 

the second recessed regions. 

[0079] The method includes replacing the sacrificial strips in the stacks with a 

metal material (Step 1816). The replacing step can include etching the stacks (e.g. 1210 

and 1220) to form a trench (e.g. 1310, 1320, Fig. 13), exposing the sacrificial strips in the 

trench (e.g. 1211, 1213, 1215 and 1217 in trench 1310; 1221, 1223, 1225, 1227 in trench 

1320); removing the sacrificial strips in the trench (e.g. Fig. 14); depositing the metal 

material ( e.g. 1510, Fig. 14) in the trench; and separating the metal material between the 

insulating strips in the trench (Figs. 16 and 17), as described in connection to Figures 13-

17. 

[0080] Figure 19 is a block diagram of an integrated circuit memory including a 

3D memory array including discrete charge trapping elements in recessed regions on 

sidewalls of conductive strips. The integrated circuit 1901 includes a memory array 1960 

including one or more memory blocks as described herein with single gate vertical 

channel cells including data storage structures including discrete charge trapping 

elements in recessed regions on opposing sidewalls of conductive strips. 

[0081] The data storage structures are disposed at cross points of the vertical 

channel pillars between the stacks and the conductive strips in the stacks. The data 

storage structures include tunneling layers in contact with the vertical channel pillars, 

discrete charge trapping elements in contact with the tunneling layers and blocking layers 

between the discrete charge trapping elements and the first sidewalls of the conductive 

strips, where the discrete charge trapping elements are disposed in the first recessed 

regions on the first sidewalls of the conductive strips. The data storage structures can 

include blocking layers between the discrete charge trapping elements and the second 

sidewalls of the conductive strips, where the discrete charge trapping elements are 

disposed in the second recessed regions on the second sidewalls of the conductive strips. 

In embodiments, the conductive strips can include a semiconductor material such as 

polysilicon or a metal material such as tungsten. 
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[0082] An SSL decoder 1940 is coupled to a plurality of SSL lines 1945, arranged 

in the memory array 1960. An even/odd level decoder 1950 is coupled to a plurality of 

even/odd word lines 1955. As described in connection to Figure 9, an even/odd level 

decoder 1950 can be coupled to a plurality of even/odd word lines such as the conductive 

strips (e.g. 211, 213, 215, 217, 221, 223, 225, and 227) in the odd stack 210 and the even 

stack 220 that can act as word lines. A global bit line column decoder 1970 is coupled to 

a plurality of global bit lines 1965 arranged along columns in the memory array 1960 for 

reading data from and writing data to the memory array 1960. Addresses are supplied on 

bus 1930 from control logic 1910 to decoder 1970, decoder 1940 and decoder 1950. 

Sense amplifier and program buffer circuits 1980 are coupled to the column decoder 

1970, in this example via first data lines 1975. The program buffer in circuits 1980 can 

store program codes for multiple-level programming to indicate program or inhibit states 

for selected bit lines. The column decoder 1970 can include circuits for selectively 

applying program and inhibit voltages to bit lines in the memory in response to the data 

values in the program buffer. 

[0083] Sensed data from the sense amplifier/program buffer circuits are supplied 

via second data lines 1985 to multi-level data buffer 1990, which is in turn coupled to 

input/output circuits 1991 via a data path 1993. Also, input data is applied in this 

example to the multi-level data buffer 1990 for use in support of multiple-level program 

operations for each of single gate vertical channel cells in the array. 

[0084] Input/output circuits 1991 drive the data to destinations external to the 

integrated circuit 1901. Input/output data and control signals are moved via data bus 

1905 between the input/output circuits 1991, the control logic 1910 and input/output 

ports on the integrated circuit 1901 or other data sources internal or external to the 

integrated circuit 1901, such as a general purpose processor or special purpose 

application circuitry, or a combination of modules providing system-on-a-chip 

functionality supported by the memory array 1960. 

[0085] In the example shown in Figure 19, control logic 1910, using a bias 

arrangement state machine, controls the application of supply voltages generated or 

provided through the voltage supply or supplies in block 1920, such as read, erase, verify 

and program bias voltages. The control logic 1910 is coupled to the multi-level buffer 
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1990 and the memory array 1960. The control logic 1910 includes logic to control 

multiple-level program operations. 

[0086] The control logic 1910 can be implemented using special-purpose logic 

circuitry as known in the art. In alternative embodiments, the control logic comprises a 

general-purpose processor, which can be implemented on the same integrated circuit, 

which executes a computer program to control the operations of the device. In yet other 

embodiments, a combination of special-purpose logic circuitry and a general-purpose 

processor can be utilized for implementation of the control logic. 

[0087] While the present invention is disclosed by reference to the preferred 

embodiments and examples detailed above, it is to be understood that these examples are 

intended in an illustrative rather than in a limiting sense. It is contemplated that 

modifications and combinations will readily occur to those skilled in the art, which 

modifications and combinations will be within the spirit of the invention and the scope of 

the following claims. What is claimed is: 
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1. A memory device, comprising: 

CLAIMS 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks; 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material between and contacting the first and second channel 

9 films; and 

10 data storage structures at cross points of the vertical channel pillars between the 

11 stacks and the conductive strips in the stacks, the data storage structures including 

12 tunneling layers in contact with the vertical channel pillars, discrete charge trapping 

13 elements in contact with the tunneling layers, and blocking layers between the discrete 

14 charge trapping elements and the first sidewalls of the conductive strips, the discrete 

15 charge trapping elements disposed in the first recessed regions on the first sidewalls of 

16 the conductive strips. 

1 

1 2. The memory device of claim 1, wherein the discrete charge trapping elements 

2 disposed in the first recessed regions are dielectric charge trapping elements. 

1 

1 3. The memory device of claim 1, wherein the conductive strips in the stacks have 

2 second sidewalls opposite the first sidewalls recessed relative to the second sides of the 

3 insulating strips which define second recessed regions on the second sidewalls of the 

4 conductive strips; and 

5 the data storage structures include discrete charge trapping elements disposed in 

6 the second recessed regions in contact with the tunneling layers, and blocking layers 

7 between the discrete charge trapping elements in the second recessed regions and the 

8 second sidewalls of the conductive strips. 

1 
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1 4. The memory device of claim 3, wherein the discrete charge trapping elements 

2 disposed in the second recessed regions are dielectric charge trapping elements. 

1 

1 

1 

1 

5. 

6. 

The memory device of claim 1, wherein the dielectric material comprises a gap. 

The memory device of claim 1, wherein the conductive strips in the plurality of 

2 stacks of conductive strips include a metal material. 

1 

1 7. A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks and having second sidewalls 

6 opposite the first sidewalls recessed relative to the second sides of the insulating strips 

7 which define second recessed regions in sides of the stacks; 

8 vertical channel pillars disposed between the stacks, the vertical channel pillars 

9 having first and second channel films disposed on adjacent stacks in the plurality of 

10 stacks and a dielectric material between and contacting the first and second channel 

11 films; and 

12 data storage structures at cross points of the vertical channel pillars between the 

13 stacks and the conductive strips in the stacks, the data storage structures including 

14 tunneling layers in contact with the vertical channel pillars, discrete charge trapping 

15 elements in contact with the tunneling layers and blocking layers between the discrete 

16 charge trapping elements and the first sidewalls of the conductive strips and between the 

17 discrete charge trapping elements and the second sidewalls of the conductive strips, the 

18 discrete charge trapping elements disposed in the first recessed regions on the first 

19 sidewalls of the conductive strips and disposed in the second recessed regions on the 

20 second sidewalls of the conductive strips, 

21 wherein the vertical channel pillars are arranged so that a first row of the vertical 

22 channel pillars disposed on the first sidewalls of a particular stack of conductive strips is 
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23 offset in a row direction from a second row of the vertical channel pillars disposed on the 

24 second sidewalls of the particular stack of conductive strips. 

1 

1 8. The memory device of claim 7, wherein the discrete charge trapping elements are 

2 dielectric charge trapping elements. 

1 

1 

1 

1 

9. The memory device of claim 7, wherein the dielectric material comprises a gap. 

10. The memory device of claim 7, wherein the conductive strips in the plurality of 

2 stacks of conductive strips include a metal material. 

1 

1 11. A manufacturing method, comprising: 

2 forming a plurality of stacks of conductive strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the conductive strips 

4 in the stacks having first sidewalls; 

5 recessing the first sidewalls of the conductive strips relative to the first sides of 

6 the insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions; 

8 forming first and second channel films on the data storage structures on sidewalls 

9 of adjacent stacks; and 

10 depositing a dielectric material between the first and second channel films, the 

11 dielectric material contacting the first and second channel films on the sidewalls of the 

12 adjacent stacks. 

1 

1 12. The manufacturing method of claim 11, said forming the data storage structures 

2 compnsmg: 

3 depositing blocking layers over the first sidewalls of the conductive strips in the 

4 first recessed regions; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 
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7 depositing tunneling layers over the charge trapping material in the first recessed 

8 reg10ns. 

1 

1 13. The manufacturing method of claim 12, wherein the charge trapping material is 

2 dielectric charge trapping material. 

1 

1 14. The manufacturing method of claim 12, comprising: 

2 said depositing the blocking layers including depositing the blocking layers over 

3 the first sides of the insulating strips; and 

4 said depositing the charge trapping material including depositing the charge 

5 trapping material over the blocking layers over the first sides of the insulating strips; and 

6 separating the charge trapping material between adjacent first recessed regions. 

1 

1 15. The manufacturing method of claim 14, said separating the charge trapping 

2 material including removing the charge trapping material over the blocking layers over 

3 the first sides of the insulating strips, while keeping the charge trapping material in the 

4 first recessed regions. 

1 

1 16. The manufacturing method of claim 11, comprising: 

2 etching to isolate the data storage structures along the conductive strips, to form 

3 discrete charge trapping elements in contact with the tunneling layers and the blocking 

4 layers between the discrete charge trapping elements and the first sidewalls of the 

5 conductive strips. 

1 

1 17. The manufacturing method of claim 11, wherein the conductive strips in the 

2 stacks of conductive strips have second sidewalls opposite the first sidewalls, the 

3 manufacturing method comprising: 

4 recessing the second sidewalls of the conductive strips relative to the second sides 

5 of the insulating strips to define second recessed regions in sides of the stacks; and 

6 forming the data storage structures in the second recessed regions. 

1 
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1 18. The manufacturing method of claim 17, 

2 etching to isolate the first and second channel films and the dielectric material 

3 between the first and second channel films along the conductive strips, to form vertical 

4 channel pillars between the stacks, so that a first row of the vertical channel pillars 

5 disposed on the first sidewalls of a particular stack of conductive strips is offset in a row 

6 direction from a second row of the vertical channel pillars disposed on the second 

7 sidewalls of the particular stack of conductive strips. 

1 19. The manufacturing method of claim 11, said depositing a dielectric material 

2 between the first and second channel films including leaving a gap between the first and 

3 second vertical channel films. 

1 

1 20. A manufacturing method, comprising: 

2 forming a plurality of stacks of sacrificial strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the sacrificial strips in 

4 the stacks having first sidewalls; 

5 recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

6 insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions; 

8 forming first and second channel films on the data storage structures on sidewalls 

9 of adjacent stacks; 

10 depositing a dielectric material between the first and second channel films, the 

11 dielectric material contacting the first and second channel films on the sidewalls of the 

12 adjacent stacks; and 

13 replacing the sacrificial strips in the stacks with a metal material. 

1 

1 21. The manufacturing method of claim 20, said forming the data storage structures 

2 compnsmg: 

3 depositing blocking layers over the first sidewalls of the sacrificial strips in the 

4 first recessed regions; 
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5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing tunneling layers over the charge trapping material in the first recessed 

8 reg10ns. 

1 

1 22. The manufacturing method of claim 21, wherein the charge trapping material is 

2 dielectric charge trapping material. 

1 23. The manufacturing method of claim 20, said depositing a dielectric material 

2 between the first and second channel films including leaving a gap between the first and 

3 second vertical channel films. 

1 

1 24. 

2 

3 

4 

5 

1 

Ill 

The manufacturing method of claim 20, said replacing comprising: 

etching the stacks to form a trench, exposing the sacrificial strips in the trench; 

removing the sacrificial strips in the trench; 

depositing the metal material in the trench; and 

separating the metal material between the insulating strips in the trench. 
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ABSTRACT 

A memory device includes a plurality of stacks of conductive strips 

alternating with insulating strips, the insulating strips having first and second sides, and 

the conductive strips having first sidewalls recessed relative to the first sides of the 

insulating strips which define first recessed regions in sides of the stacks. Vertical 

channel pillars are disposed between the stacks, the vertical channel pillars having first 

and second channel films disposed on adjacent stacks and a dielectric material between 

and contacting the first and second channel films. Data storage structures at cross points 

of the vertical channel pillars and the conductive strips include tunneling layers in contact 

with the vertical channel pillars, discrete charge trapping elements in the first recessed 

regions in contact with the tunneling layers and blocking layers between the discrete 

charge trapping elements and the first sidewalls of the conductive strips. 
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PTO/AIA/80 (07-12) 
Approved for use through 11/30/2014. 0MB 0651-0035 

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

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE US PTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement 
under 37 CFR 3.73(c). 
I hereby appoint: 

[l] Practitioners associated with Customer Number: 
146353 I OR 

□ Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and all patent applications a ssigned Qilli. to the undersigned according to the USPTO assignment records or assignments docu ments 
attached to this form in accordance with 37 CFR 3.73(cl. 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3. 73(c) to: 

[Z] The address associated with Customer Number: 146353 I OR 
Firm or □ Individual Name 

Address 

City 

Country 

Telephone I Email 

Assignee Name and Address: Macron ix International Co., Ltd., No. 16, Li-Hsin Road, Science-Based 
Industrial Park, Hsinchu, TW 

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/SB/96 or equivalent) is required to be 
Filed in each application in which this form ls used. The statement under 37 CFR 3.73(c) may be completed by one of 
'fhe-practitioners·appointed-in-this-form;-and-must-identify·the·application-in-which-this-Power-of-Attorney-is-to-be-filed-. -

SIGNATURE of Assignee of Record 
The individual whose ~gnature and ti!!g is supplied below is authorized to act on behalf of the assignee 

Signature (✓- ¥-½✓ Date 2012.09. 2..b, 

CHIH YUAN lu -
Name Telephone 

Title PRESIDENT 
This collection of information Is required by 37 CFR 1.31, 1.32 and 1.33. The 1nformat1on Is required 10 obtain or retain a benefit by the public which Is to file (and 
by the US PTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes 
to complete, including gathering, preparing, and submitting the completed application form to the US PTO. 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 lnforma1ion 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 1460, Alexandria, VA 22313,1450, 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant!Patent Owner: MACRONIX INTERNATIONAL CO., LTD. 

Application No./Patent No.: 15141 0,965 Filed/Issue Date: _2_0_1_7_-0_1_-2_0 ________ _ 

Titled: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO ARCHITECTURE 

MACRONIX INTERNATIONAL CO., LTD. , a CORPORATION 
--------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

2. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U .S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 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 displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

0 As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

Niding Wu/ 
Signature 

VIDING WU 
Printed or Typed Name 

[Page 2 of 2] 

2017-01-20 
Date 

65992 
Title or Registration Number 
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Attorney Docket No. MXIC 2194-1 
(P1050004US) 

DECLARATION (37 C.F.R. 1.63) FOR UTILITY PATENT APPLICATION USING AN 
APPLICATION DATA SHEET (37 C.F.R. 1.76) AND ASSIGNMENT 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO 
ARCHITECTURE 

As a below named inventor, I hereby declare that: 

This declaration is directed to the attached application, or (if following box is checked): 

I?<] United States application or PCT international application number 15/41 0,9~5filed on ?Q ~an_uary 2q1 7 

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

I believe that I am the original inventor or an original joint inventor of a claimed invention in the 
application. 

I have reviewed and understand the contents of the application, including the claims. 

I am aware of the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in 37 CFR Section 1.56. 

Whereas, the undersigned inventor(s) has/have made certain inventions, improvements, and discoveries 
(herein referred to as the "Invention") disclosed in the above-identified patent application and further 
identified by the Docket Number provided above in the header of this document; 

Whereas, Macronix International Co., Ltd., a corporation of Taiwan having a place of business at No. 16 
Li-Hsin Road, Science-Based Industrial Park, Hsinchu, Taiwan (herein referred to as "Macronix"), 
desires to acquire, and each undersigned inventor desires to grant to Macronix, the entire worldwide right, 
title, and interest in and to the Invention and in and to any and all patent applications and patents directed 
thereto; 

Now, therefore, for good and valuable consideration, the receipt and sufficiency thereof being hereby 
acknowledged, each undersigned inventor ("ASSIGNOR") hereby sells or has sold, assigns or has 
assigned, and otherwise transfers or has transferred to Macronix (the "ASSIGNEE"), its successors, legal 
representatives, and assigns, the entire worldwide right, title, and interest in and to the Invention, the 
above-identified United States patent application, and any and all other patent applications and patents for 
the Invention which may be applied for or granted therefor in the United States and in all foreign 
countries and jurisdictions, including all divisions, continuations, reissues, reexaminations, renewals, 
extensions, counterparts, substitutes, and extensions thereof, and all rights of priority resulting from the 
filing of such applications and granting of such patents. In addition, each undersigned inventor hereby 
authorizes and requests the Director of the United States Patent and Trademark Office to issue any United 
States Patent, and foreign patent authorities to issue any foreign patent, granted for the Invention, to 
Macronix, its successors, legal representatives, and assigns, the entire worldwide right, title, and interest 
in and to the same to be held and enjoyed by Macronix, its successors, legal representatives, and assigns 
to the full end of the terms for which any and all such patents may be granted, as fully and entirely as 
would have been held and enjoyed by the undersigned had this Assignment not been made; and each 
undersigned inventor agrees to execute any and all documents and instruments and perform all lawful acts 
reasonably related to recording this Assignment or perfecting title to the Invention and all related patents 

{00571385.DOCX} 
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Attorney Docket No. MXIC 2194-1 
(Pl050004US) 

and applications, in Macronix, its successors, legal representatives, and assigns, whenever requested by 
Macronix, its successors, legal representatives, or assigns. 

Each undersigned inventor acknowledges their prior and ongoing obligations to sell, assign, and transfer 
the rights under this Assignment to Macronix and is unaware of any reason why they may not have the 
full and unencumbered right to sell, assign, and transfer the rights hereby sold, assigned, and transferred, 
and has not executed, and will not execute, any document or instrument in conflict herewith. Each 
undersigned inventor also hereby grants Macron.ix, its successors, legal representatives, and assigns, the 
right to insert in this Assignment any further identification (including, but not limited to, patent 
Application Number) which may be necessary or desirable for recordation of this Assignment. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 
U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both. 

(1) Legal Name oflnventor: HANG-TING LUE 8~/i! 
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Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND ARCHITECTURE 

First Named Inventor/Applicant Name: HANG-TING LUE 

Customer Number: 46353 

Filer: Viding Wu/Amy Jonsson 

Filer Authorized By: Viding Wu 

Attorney Docket Number: MXIC 2194-1 

Receipt Date: 20-JAN-2017 

Filing Date: 

Time Stamp: 13:15:09 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 
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Assignee showing of ownership per 37 

373.pdf no 4 
CFR 3.73 
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Warnings: 
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Total Files Size (in bytes) 335142 

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

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

15/410,965 

46353 
MACRONIX 

FILING or 
37l(c)DATE 

01/20/2017 

GRPART 

UNIT 

2811 

C/O HAYNES BEFFEL & WOLFELD LLP 
P. 0. BOX366 
HALF MOON BAY, CA 94019 

FIL FEE REC'D 

2340 

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

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

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

MXIC 2194-1 24 4 
CONFIRMATION NO. 3219 

FILING RECEIPT 

1111111111111111111111 m~mmmmui~1wi~ 11111111111111111111111 

Date Mailed: 01/30/2017 

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

lnventor(s) 
HANG-TING LUE, HSINCHU, TAIWAN; 

Applicant( s) 
MACRON IX INTERNATIONAL CO., LTD., Hsinchu, TAIWAN; 

Assignment For Published Patent Application 
MACRON IX INTERNATIONAL CO., LTD., Hsinchu, TAIWAN 

Power of Attorney: The patent practitioners associated with Customer Number 46353 

Domestic Applications for which benefit is claimed - None. 
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for 
domestic benefit. See 37 CFR 1.76 and 1.78. 

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

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

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

If Required, Foreign Filing License Granted: 01/27/2017 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/410,965 

Projected Publication Date: 07/26/2018 

Non-Publication Request: No 

Early Publication Request: No 
Title 

DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO ARCHITECTURE 

Preliminary Class 

257 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

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

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/410,965 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 24 minus 20= 4 (37 CFR 1.16(i)) 
OR X 80 = 320 

INDEPENDENT CLAIMS 4 minus 3 = 1 X 420 = 420 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 0 ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

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

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

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2340 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

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

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

0 
Independent ... = z Minus 

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

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

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

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

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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To: 
From: 
Cc: 

docket@hmbay.com,pair_hbw@firsttofile.com, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 46353 

Jan 30, 2017 03:35:41 AM 

Dear PAIR Customer: 

MACRONIX 
C/O HAYNES BEFFEL & WOLFELD LLP 
P. 0. BOX366 
HALF MOON BAY, CA 94019 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 46353 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15410965 

Document Mailroom Date 
APP.FILE.REC 01/30/2017 

Attorney Docket No. 
MXIC 2194-1 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Doc code: IDS PTO/SB/OBa (03-15) 
Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2016. 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 15410965 

Filing Date 2017-01-20 

INFORMATION DISCLOSURE First Named Inventor I J-1ang-Ting Lue 
STATEMENT BY APPLICANT 

Art Unit 12823 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Christine A. Enad 

Attorney Docket Number I MXIC 2194-1 

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 20140061776 A1 R014-03-06 KWON etal. 

2 20160260733 A1 Ro16-09-0B UE 

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 TS 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

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

NON-PATENT LITERATURE DOCUMENTS IRemovel 
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Application Number 15410965 

Filing Date 2017-01-20 

INFORMATION DISCLOSURE First Named Inventor I Hang-Ting Lue 
STATEMENT BY APPLICANT 

Art Unit 2823 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Christine A. Enad 

Attorney Docket Number MXIC 2194-1 

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. 

:;hoi et al., "Comprehensive evaluation of early retention {fast charge loss within a few seconds) characteristics in 
1 ube-type 3-D NANO flash memory," 2016 IEEE Symposium on VLSI Technology, Honolulu, HI, 14-16 June 2016, pp. 

1-2. 

2 
Jang et al., 'Vertical cell array using TCAT{Terabit Cell Array Transistor) technology for ultra high density NANO flash 
memory," 2009 Symposium on VLSI Technology, Honolulu, HI, 16-18 jUNE 2009, pp. 192-193. 

Jung et al, "Three Dimensionally Stacked NANO Flash Memory Technology Using Stacking Single Crystal Si Layers 
3 Jn ILD and TANOS Structure for Beyond 30nm Node," International Electron Devices Meeting, 2006. IEDM '06, 11-13 

Dec. 2006, pp 1 -4. 

4 
cai et al., "A Multi-Layer Stackable Thin-Film Transistor {TFT) NANO-Type Flash Memory," International Electron 
Devices Meeting, 2006. IEDM '06, 11-13 Dec. 2006, pp 1-4. 

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 15410965 

Filing Date 2017-01-20 
INFORMATION DISCLOSURE First Named Inventor I Hang-Ting Lue 
STATEMENT BY APPLICANT 

Art Unit 2823 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Christine A. Enad 

Attorney Docket Number MXIC 2194-1 

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 
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. 

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

X 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 /Yiding Wu/ Date (YYYY-MM-DD) 2017-06-02 

Name/Print YidingWu Registration Number ~5,992 

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 
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Abstract 
A fast charge loss within a few seconds, which is referred to as 

early retention, was observed in tube-type 2y word-line stacked 3-D 
NAND flash memory for the first time, and the origin of the early 
retention was comprehensively evaluated. Using a fast-response pulse 
1-V system, the early retention characteristics from microseconds to 
seconds were thoroughly investigated, and the correlations with 
various program and erase levels were examined using solid and 
checkerboard patterns. Our findings indicate that the early retention 
mainly originates from the lateral charge loss through the shared 
charge trap layers and suggest that the program and erase levels 
should be balanced and optimized to reduce the early retention. 

Introduction 
Due to scaling down limits, increasing process cost, and reliability 

issues in planar NAND flash memory, 3-D NAND flash memory has 
been considered to be a very promising candidate [1-3]. Although 3-D 
NAND flash memory with a charge trap layer (SiN) has many merits, 
the retention characteristics stemming from lateral charge loss are 
expected to cause problems because the charge trap layers are shared 
between word-lines (WLs) (Fig. 1). Therefore, a fast charge loss 
within a few seconds, which we refer to as 'early retention,' can be 
observed and can cause unwanted results in a negative shift of the 
threshold voltage (VT) and a positive shift of the string read current 
immediately after programming. This early retention threatens 
multi-level cell (MLC) capability (Fig. 2) and product-level reliability 
requirements. It has been reported that early retention can take place 
predominately through vertical charge loss via the tunnel or block 
oxide immediately after programming resulting from the shallowly 
trapped electrons in a charge trap layer [2]. However, we observed 
that severe early retention can occur through a lateral charge loss as 
well in the WL stacked 3-D NAND structure because of the inevitably 
shared charge trap layer between WLs (Fig. 3). Therefore, in this 
work, for the first time, we comprehensively evaluate the early 
retention behaviors from the lateral charge loss point of view using 
diverse test situations, such as various program and erase levels, and a 
fast-response pulse 1-V system in tube-type 3-D NAND flash memory. 
Moreover, early retention on the cell states, i.e., solid and 
checkerboard pattern (SIP and CIP), has been thoroughly 
characterized (Fig. 4). 

Measurement Result and Discussion 
Fig. 5 shows a TEM cross-section image and the core device 

structure of the 2y WL stacked tube-type 3-D NAND flash memory, 
which is referred to as 'SMArt', used in this work [3]. Fig. 6(a) shows 
the conventional DC 1-V measurement sequences for characterizing 
the early retention. The initialization step was performed to assure all 
cells were erased before programming. The early retention under 
various program levels (PVl, PV2, and PV3) was measured at 90 °C 
(Fig. 6(b )). Note that the early retention rapidly occurred within 1 min, 
which necessitates the measurement of the early retention within a 
few seconds for precise analysis. Therefore, we performed fast 
response pulse 1-V measurements using incremental step pulse 
programming (ISPP) followed by immediate retention measurements 
(Fig. 7(a)). The reading phase is enabled (delay < 100 µsec) 
immediately after programming so that accurate early retention 
characteristics were obtained. The string read current was first 
measured (Figs. 7(b) and 7(c)) and then transformed into early 
retention defined as Vr,toss (Fig. 8). First, we measured the early 
retention characteristics in the states of the cells, i.e., SIP and CIP, 
under various PV levels, as shown in Fig. 8. It should be noted that the 
early retention is obviously aggravated by increasing PV levels in 

978-1-5090-0638-0/l 6/$3 l.OO ©2016 IEEE 

both states. Importantly, these results showed a clear opposite trend to 
a previous report in which a greater PV level showed a greater Vr,toss, 
i.e., worsened early retention due to increased vertical charge loss [2]. 

To further evaluate the origin of the observed trends, we performed 
a TCAD simulation by considering the erasing operation in the 
initialization step. Thus the cell was first erased prior to programming 
to describe real measurement sequences. Fig. 9 shows the simulated 
profiles of trapped electrons and holes in a charge trap layer for 
different PV levels for the SIP. At the lower PV level, it is clearly 
observed that there were a large number of residual holes that are not 
fully compensated by the trapped electrons during programming. 
During erasing, the holes injected into the charge trap layer can spread 
outside of cells due to the relatively longer erasing time and the high 
diffusivity of the holes [ 4]. Therefore, the trapped electrons from the 
lower PV level cannot completely compensate the injected holes 
resulting in residual holes. As a result, a large lateral electric field is 
generated at the edge of the cell in which there is a greater chance for 
stored charges in a charge trap layer to spread laterally. To confirm 
the influence of the non-compensated residual holes on the early 
retention, additional measurement were performed by varying the 
erasing levels (EVl, EV2, and EV3) in the initialization step (Fig. 10). 
As expected, a greater EV level as well as a lower PV level resulted in 
worsened early retention due to residual holes. This observation 
indicates that the early retention mainly occurs through lateral charge 
loss in the shared charge trap layers rather than vertical charge loss. 

Figs. 11 and 12 also show the simulation and measurement results 
of early retention in a CIP. It is clearly observed that the trends of the 
early retention for various PV and EV levels were similar in the SIP 
and the CIP, but the dependence of the early retention on the PV levels 
for the CIP was less than for the SIP (Fig. 13). That is, the early 
retention was easily relaxed with increasing PV levels in the SIP but 
not in the CIP. Moreover, it is worthwhile to note that the overall early 
retention was more severe in the CIP than in the SIP. Fig. 14 shows the 
simulated conduction band edge profile (Ee) of the SiN and the 
corresponding lateral electric field in the SIP and the CIP. We confirm 
that for the CIP, the lateral electric field was mostly governed by the 
erased state of neighboring cells. However, for the SIP, the lateral 
electric field was specifically determined from the non-compensated 
residual holes. In addition, more electrons could be trapped between 
the WLs at a greater PV level in the SIP due to the strong fringing 
electric field, which effectively compensated for the injected holes 
during erasing (Fig. 15). Therefore, the dependence of the early 
retention on the PV levels was more noticeable in the SIP. Note that 
our findings suggest that both PV and EV levels should be optimized 
and balanced in the SIP and the CIP to minimize the early retention 
(Fig. 16). 

Conclusion 
We comprehensively evaluated the early retention in WL stacked 

tube-type 3-D NAND flash memory for the first time. We found that 
the early retention rapidly occurs within a few seconds and primarily 
originates from the lateral charge loss through the shared charge trap 
layer. The early retention was shown to be much worse for the CIP 
than for the SIP. Moreover, by measuring the early retention under 
various PV and EV levels, we concluded that the non-compensated 
residual holes at the edge of the cells play a significant role in early 
retention and, thus, should be optimized and balanced. 
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PV level ➔ high EV level ➔ low PV level, may 
result in aggravated early retention due to 
residual holes at the edge of the selected cell. 
Therefore, balanced PV /EV levels are necessary. 
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Abstract 
Vertical NAND flash memory cell am1y by TCAT (Terabit 

Celi Array Transistor) technology is proposed. Damascened 
metal gate SO NOS type cell in ihe ve11ical NAND flash string is 
reali7,ed by a unique 'gate repiacemenf process. Also, 
conventional bulk erase operation of the cell is successfully 
demonstrated. _All advantages of TCAT flash is achieved 
without any sacrifice of bit cost scalability. 

Introduction 
Recently, in order to keep a trend of increasing bit density 

and reducing bit cos, of N AND flash memories. 
three-dimensional Bit-Cost Scalable (BiCS) flash technology 
bas been proposed [lJ. However, tl1ece are two major concerns 
on the BiCS flash. First of alL ii is almost ir;1possible to 
implemeni metal gate structure for BiCS flash because it is very 
difficult to etch metal/oxide multilaver simultaneouslv We 
cannoi utilize vaiious advantages of "metal gaie SONGS cell 
strncture. for example, faster erase speed, ,;ider Vtli margin, 
and bet.er re.ention charactedstics ['.cl Another concern is 
G□:)L erase ofBiCS flash. i\11 extensive circuit change may be 
necessary to apply negative bias on word line during erase 
operation. _Area penalty and limited erase voltage are expected. 

In this paper, we propose ve£1icai NAN:D flash memory cell 
array using TCAT teclmology for the firs, tin1e. 1\bove 
mentioned concerns can be cleared by the TCAT technology 
without any sacrifice of bit cost scalability. 

Architecture and Key Features of TCAT !Hash 
Figure l and 2 show schematic Birds-eve vieYv and the 

equivalent circuit of the TCAT flash mem;ry. The process 
sequence is briefly displayed in Fig. 3. Distinctive structural 
differences with Bi CS flash are i} oxide/ninide multilayer stack, 
ii) line-type '\V/L cut' etched through the whole stack bet\>1;een 
the each row array of channel poly plug. iii) line-type CSL 
formed by an implant through the 'W/L cut'. iv) replaced metal 
gate lines for eacb roiv of poly plug. The most unique process is 
'gate repiacernent' to achieve the 1:netai gate SONOS strnctme. 
Figure 4 shov,s the detail. Afier 'W/L cut' drv etch and 'Wet 
removal of sacrificial nitride layer, gate diele~tric Javers and 
gate metal are deposited in the conventional order. It is ;10t • gate 
first' process as for BiCS flash [3]. Separmion of ead1 gate ;~de 
is foHo,ved by etch processes. Figure 5(a) and 5(b) :110w the 
cross sectional SEM images of the fab.icated TCAT flash cell 
array. The cell string has six-NAND ceB iransistors 'With SSL 
transiswr at the top and the GSL transistor at the bottom. The 
SSL and GSL transistors are formed sirrmltaneouslv with cell 
transiswrs. The TEM view of the cell in Fig. 5i~:l shows a 
perfect damascened metal gate SONOS stmctu~e in the vertical 

NAND flash cell string. The stair-like structure at the arrav 
edge for interconnection is shmvn in Fig. 6. • 

Figure 7 shov,cs equivalent cell size trend of TCAT and BiCS 
flash. Despite of additional 'W/L cut' strncturc, cell size of 
TCAT flash is rather smaller than BiCS flash. It is due to 'gate 
first' process of BiCS flash. The minimum diameter of plug 
hole ofBiCS flash is limited by the gate dielectric Javers. 

Another impm1ant feature of TCAT NAND flash ~emorv is 
bulk erase operation. As shmvn in the schematic stmcturc or'Fig. 
8, the channel poly plug in TCAT flash stmcturc is connected t~ 
Si substrate, not n+ common source diffusion !aver as in the 
BiCS flash. Therefore. conventional bulk erase ;peration can 
be achieved as displayed in the simulated profiles of Pig. 9 and 
the NA1'.TI string can be operated without any major peripheral 
circuit change. 

Results and Discussions 
Figure lO{a) and IO(b) shmv the Id-Vg characteristics of cell 

and selection transistors in a single string and the Vth 
distribution of cell transistors of 32 stdngs, respectively. 
Subthreshold slope is~· 320mV/dec and the on-off ratio is more 
than 106

. Despite poly Si channel, the Id-Vg characteristics and 
Vth distribution is excellent due to 'macaroni' body effect [3]. 
In order to suppress program disturb, Vth of selection 
transistors are adjusted by a device optimi:z.ation. Figure l l 
shows program/erase characteristics of a cell transistor. The 
erase operation is achiev·cd by conventional bulk erase. The PIE 
speed of a cell is fast enough for multi-level cell oueration. 
Erase saturation at ---- l V can be a concern, but it can be 
sufficiently lowered below -3V as the channel-hole diameter 
shrinks to a product level of ~45nm from l 20nm of this paper. It 
is because that the electric field in tunnel layer becomes 
stronger as shown in Fig. l 2. Endurance to 1 E4 cycles is shov.,n 
in Fig. i 3 and long terrn data retention characteristics at 85 °C is 
shown in Fig. 14, respectively. Vth window of 5.6V remained 
afier 10 years is good enough for multi-level operation. 

Conchesion 
We have successfully demonstrated the vertical NANTI flash 

memory array by TCAT technology. r,,fotal gate stmcture and 
bulk erase operation are kev features of TCA T flash. With the 
metal gate strncture, PIE characteristics and reliability is good 
enough for multi-level cell operation. TCA T flash is a more 
realistic future technology for ultra higl, density up to terabit 
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Fig.1 Birds-eve view ofTCAT flash memory. 
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Abstract 
For the first time, the 3 dimensionally stacked NAND Flash 

memory, is developed by implementing S3 
( Single-crystal Si 

layer Stacking ) technology, which was used to develop S3 

SRAM previously. The NAND cell arrays are formed on the 
ILD as well as on the bulk to double the memory density 
without increasing the chip size. The feasibility of the 
technology was proven by the successful operation of 32 bit 
NAND Flash memory cell strings with 63nm dimension and 
T ANOS structures. The novel NAND cell operational scheme, 
so called SBT ( Source-Body Tied) scheme, is presented to 
maximize the advantages of 3 dimensionally stacked NAND cell 
structures. 

Introduction 
Recently, the great demands for higher density and lower bit 

cost in NAND Flash memories are growing because they are key 
devices for the mass data storage applications in various potable 
electronic products, such as portable audio and video players, 
cellular phones, USB memories and newly introduced solid state 
disks for PC. In order to keep trends of reducing the bit cost and 
increasing the bit density, the linear shrink of the patterns have 
been aggressively driven by developing MLC ( Multi Level 
Cell ) technology and early adopting the advanced lithographic 
tools .[l] However, the linear scaling down of the NAND Flash 
memories are approaching to the physical, electrical and 
reliability limitations, especially as the technology node is 
advancing to near 30nm dimension . 
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Fig. 1 Predictions of fabrication cost of NAND flash memory 
as the bit density increases for the planar cell and the stacked 
cell. 

First, it has to use EUV lithography for the patterning, which 
is expected to be available after year 2009, according to ITRS 

roadmap. Even if the tool is prepared, a cost of the tool will be 
much more expensive and its throughput will not be comparable 
to those of the ArF lithography. From the standpoint of the bit 
cost, it means that even if the dimensions is shrunk and the 
density is increased, the bit cost down trends will not be kept up 
with the historical trends any more as shown in Figl. The 
economic needs of the further shrink for the higher density will 
diminish and the bit growth rate in the data storage applications 
will slow down. 

Secondly, from the electrical and reliability perspective, the 
further shrink below 30nm dimension, will cause the serious 
problems, such as electrical isolations between the word-lines 
and the cell nodes , the short channel effect, the cell current 
reduction and tolerable charge losses of the stored charges for 
data retention, which is less than 10, and etc. as shown in Fig.2 
even in newly being developed SONOS-like structures. 
Furthermore, these problems are resulted from the fundamental 
physical limits, which are difficult to be overcome with the 
conventional modifications generally used in the past nodes. 

0.3 ~-------~ 
10 20 40 60 80 100 10 20 40 60 80 100 

DesignRule[nm] Design Rule [nm] 

(a) Coupling ratio limit (b) Data retention limit 

Fig.2 Limitations ofNAND flash memory with the shrinkage of 
DIR 

Therefore, one of the best ways to circumvent these barriers 
caused by simple conventional linear shrink technology is to 
stack three dimensionally the cell arrays with minimizing the 
additional processes for stacking. As one of easy solutions to 
increase the density, chips or packages have been simply stacked 
with bonding or packing technology. However, the simple 
stacking process of the chips or packages cannot reduce the bit 
cost or the fabrication cost because they stack the already 
completely integrated chips. However, in our S3 (Single-crystal 
Si layer Stacking) technology, the Si active layers are stacked 
with minimum processes and are interconnected simultaneously 
with the bottom cell arrays and the peripheral circuits. [2] Also, 
it can improve the electrical characteristics by reducing the 
capacitive and resistive loading without reducing the cell current. 
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Process Integration 
In the doubly stacked NAND Flash cell strings of Fig.3, the 

cell strings of the upper layers are stacked over the bottom layer 
ones already formed on the bulk Si Substrate. The cell strings 
have T ANOS (TaN-AL2O3-Nitride-Oxide-Silcon) structures. [3]. 
In order to achieve same electrical characteristics of the cell 
strings in both layers, perfect SOI -like single crystal Si layers 
are formed on the ILD layers with S3 technology. The bit line 
contacts and the common source lines are patterned 
simultaneously on the both layers of the cell string by etching 
layers vertically through the upper level Si layers to the bottom 
active layer as shown in Fig.4. The bit line holes are filled 
sequentially with the N-doped poly-Si and W. Therefore, both of 
the cell strings are connected through a single contact hole to the 
same bit line. The x-decoders of the upper and lower cell arrays 
are laid out separately at the other ends of the arrays as shown in 
Fig.5. Only three additional photo layers are used to double the 
density of NAND cell by stacking cell arrays on the ILD. The 
key processes are summarized in Table 1. 

Bit Line 

Fig. 3 Vertical structure of the 3D stacked cell string. Bit-line 
and common source line (CSL) are formed through 2nd active 
layer. Well bias is simultaneously applied by CSL. (Source-body 
tied) 

Fig. 4 Vertical SEM photograps of the fabricated 3D stacked 
NAND cell string. The 2nd active layer is SOI like perfect single 
crystal. 

Q Act1/Act2 0Gate1 0Gate2 e BL Cnt - CSL Q W/L Cnt 

SRD2 CELL BLOCK SRD1 SRD2 CELL BLOCK SRD1 

Fig. 5 Top view layout and vertical structure of word-lines and x 
-decoders for the doubly stacked NAND flash memory cell array. 

Table I Summary of key process flow sequence for the 3D 
Stacked NAND flash memory. 

• Well & Vth Adjust Implantation 
• Active (Dual Trench Isolation) 
• 1st Gate Stack Structure 

; (Tunnel Ox/Trap SiN/Blocking Ox/TaN/WN+W) 
• Gate-1 Poly Patterning 
• Halo/LOO Implant, 1st Spacer, S/D Implant and RTA 
• 1st ILD/ILD CMP 
• Formation of Single Crystal Active Si for 2nd Cell String 
• 2nd Gate Stack Structure 

; (Tunnel Ox/Trap SiN/Blocking Ox/TaN/WN+W) 
• Gate-2 Poly Patterning 
• Halo/LOO Implant, 1st Spacer, S/D Implant and RTA 
• 2nd ILD/ILD CMP 
• Cell Penetration Contact (for Source-Body Tied) Formation 
• Other Contacts and Metal (Bit Line) 

Electrical Characteristics 
Basically, the upper and lower cell strings were designed to 

have the same electrical characteristics. The characteristics of 
program and erase operations are shown in Fig.6 and Fig.7. The 
cell current characteristics of the upper cell strings under the 
worst cell bias condition are comparable with ones of the lower 
as shown in Fig.8. The reliability of the cell strings were 
measured. Fig. 9 and Fig.10 show the characteristics of the 
endurance and the read disturbance in the stacked NAND cell 
strings, respectively. The differences between both cell strings 
are negligible. It was shown that the novel stacked NAND cell 
could satisfy the requirements of the NAND Flash memory 
product. 

SBT (Source-Body Tied ) Operational Scheme 
In stacking NAND cell arrays, thin stacked Si layers are 

desirable for simplicity in integration of the processes. However, 
when a thin body is used, the body of the cell strings is 
disconnected with the other cell strings by trench isolations and 
is floated electrically. The cell strings with the floated body have 
a disadvantage in the erase operation as shown in Fig.11. In 
conventional body bias scheme, a block or whole cells of the 
string can be erased simultaneously because the body is biased 
negatively and all word-lines are grounded. However, in the 
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floating thin body scheme, only one cell of the string can be 
erased at one time because the word-lines of other cells are 
biased at Vpass to connect the channel of the selected cell. The 
erase time of the product will be increased by 32 times. 
Therefore, in order to solve the erase problem in SOI type thin 
body structures, the novel operational scheme is suggested. The 
common source of the cell string is tied with the body of the 
string electrically. This scheme can erase the cell strings in an 
exactly same way as the conventional body bias scheme does. 

But, in program operations, inhibited WL0 cell can be 
interfered by the leakage current through the SSL to the ground 
due to coupling of the grounded SSL gate as shown in Fig.12. 
The channel potential of the WL0 cell will not follow the 
program voltage of the WL0 gate. It can be improved by 
applying negative bias, such as -l.2V at the SSL gate as shown 
in Fig.13. The interference characteristics of the WL0 cell for 
various bias conditions are shown in Fig.14. 
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Fig. 6 Comparisons of the program speed characteristics 
between the top cell and the bottom cell of the stacked NAND 
cell strings 
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Conclusions 
For the first time, the 3 dimensionally stacked NAND Flash 

memory cell arrays are formed on the ILD as well as on the 
bulk to double the memory density without increasing the chip 
size by implementing S3 technology. The feasibility of the 
technology was proven by the successful operations of 32 bit 
NAND Flash memory cell strings with 63nm dimension, 
TANOS structures, and the novel SBT ( Source-Body Tied) 
operational scheme. 
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poor boosting. 
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Fig. 13 Current density comparisons of inhibited cells.; 
WLO= Vpgm, Other WLs= Vpass. At the (b) condition, some 
leakage current is observed at GSL Tr. , It results in lowered 
channel potential of the adjacent cell Tr. ( inhibited WLO cell ) 
as shown in Fig. 12. 
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Abstract 

A double-layer TFf NAND-type Flash memory is 
demonstrated, ushering into the era of three-dimensional (3D) 
Flash memory., A TFT device using bandgap engineered 
SONOS (BE-SONOS) [1,2) with fully-depleted (FD) poly 
silicon (60 nm) channel and tri-gate p+.poly gate is integrated 
into a NAND array. Small devices (L/W=0.2/0.09 µm) with 
excellent performance and reliability properties are achieved. 
The bottom layer shows no sign of reliability degradation 
compared to the top layer, indicating the potential for further 
multi-layer stacking. The present work illustrates the 
feasibility of3D Flash memory. 

I, Introduction 

Recently, the NAND flash becomes very popular for 
portable electronics, and the demand for memory density 
multiplies every year. Although NAND Flash is aggressively 
scaled {3,4), it becomes more and more difficult to follow 
Moore's law to continue the scaling due to both process and 
device limitations. Three-dimensional (3D) multi-layer-stack 
memory is another path to ultra-high density memory. 

We demonstrated a low-thermal budget TFT NAND 
device recently [2). The TFT memory employs BE-SONOS 
[l) device, which provides both efficient hole tunneling 
erase and good data retention [1 ]. Moreover, BE-SONOS 
uses only matured frond-end materials (oxide, nitride and 
poly gate). This greatly enables the multi-layer stack 
capability without metal contamination issues. In this work, 
we further fabricate a double-layer TFT NAND Flash. The 
performance and reliability of bottom and top layers are 
examined to provide guidelines for further multi-layer 
stac~. The effects of device dimension, reliability, and 
NAND array operation are addressed. ~ ~ -~ ~ --

II. Fabrication 

The typical device parameters and fabrication flow are 
shown in Table 1 and Table 2. Figures 1-4 show the cross­
sectional views of the double layer TFT NAND devices. The 
TFT device has a 60 nm thick poly silicon channel over the 
buried oxide. The poly silicon is an amorphous silicon (a-Si) 
layer deposited by low-pressure chemical vapor deposition 

1-4244-0439-8/06/$20.00 ©2006 IEEE 

(LPCVD) process, followed by a low-temperature thermal 
annealing (600 °C) for crystalli7.ation. A multi-layer 
Ol/Nl/O2 tunneling dielectric is used to achieve easy hole 
tunneling during erase, while eliminating the direct tunneling 
leakage during retention [l ]. Next, SiN trapping layer (N2) 
and top blocking oxide (03) are grown. A heavily doped p+. 
poly gate is adopted to suppress the gate injection during -FN 
erase. The multi-layer ONONO are shown in Fig. 1. The 
device has a tri-gate structure as shown in Fig. 2. 

The top oxide process has the largest thermal budget. 
Two top oxide (03) formation processes are compared: an 
LPCVD oxide (HTO) with rapid thermal annealing, and an 
in-situ steam generation (ISSG) oxidation to convert a portion 
of the trapping nitride (N2) into oxide. 

After gate patterning, shallow junction is formed by 
low-energy As+ implantation. Planarization is then carried out 
by HDP oxide deposition and CMP. After forming the 
bottom-layer TFT devices, the processes are duplicated to 
form the top-layer TFf devices. Contact etching for the two 
layers are performed independently to avoid over etching. 
The final double-layer TFT NAND Flash memory is shown 
in Figs. 3-4. 

III. Device Characterization 

(a) Short-Channel Effect: 
The 1-V and VT for the memory cells with various 

channel lengths are shown in Figs. 5, 6, respectively. Similar 
to bulk devices, the transconductance (gm) increases with 
shorter channel lengths. Figure 6 shows that the -FN erased 
state (-17 V, 50 msec) follows the same Vt-roll-off 
characteristics with the initial state, but with 3 V lower Vt. 
ISSG and HTO top oxide devices show similar Vt roll-off 

___trends._ - - ~ ~ ~- ~ - ~ - ~ - ~ 
(b) Narrow-Width Effect: 

The 1-V characteristics for memory cells with various 
channel widths are shown in Fig. 7. Generally a narrower 
device shows a better subthreshold slope (S.S.). Figure 8 
shows that for a narrow device the transconductance per 
width (gn/W) increases, while Vt decreases. Thus a narrower 
device has a better DC performance due to better gate control 
capability of the tri-gate structure. 
(c) Program/Et'llse Characteristics: 
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The device is programmed by +FN electron injection 
(Fig. 9), and erased by-FN hole tunneling (Fig. 10). p+_poly 
gate is used to suppress the gate electron injection during -
FN erase. Accordingly, the device can be erased into 
depletion mode. Both +FN program and -FN erase saturate 
for each bias voltage. Samples with ISSG and HTO top oxide 
show similar PIE speed. 
(d) PIE Cycling Endurance: 

The PIE cycling endurance is shown in Fig. 11. Erase 
degradation occurs at < 1 K dumb-mode cycles. TSSG top 
oxide devices show better endurance than those with HTO 
top oxide. The top oxide process has large impact on the cell 
endurance because top oxide suffers a large electric field 
stress during PIE, while the top oxide has lower quality due to 
the lower thermal process. 

The endurance ofTFT device is understandably inferior 
to the bulk BE-SONOS device [1,5], where a high­
temperature (950~1000 °q process is used to convert nitride 
into top oxide. The reason may be attributed to that the lower 
temperature ISSG and HTO top oxides have lower quality 
that easily trap charges after PIE cycle stressing, resulting in 
lower endurance. 

Adjusted PIE cycling (as commonly practiced) achieves 
better endurance (Fig. 12). The corresponding PIE shot 
numbers are recorded in Fig. 13. After lK cycling the device 
starts to degrade and more PIE shots are needed to maintain 
the Vt levels. Figure 14 illustrates that ISSG top oxide has a 
better subthreshold slope than HfO top oxide. Typical JV 
characteristics during lOKP/E cycling are shown in Fig. 15. 

IV. Comparison between the Top and Bottom Layers 

Figure 16 compares the V1-roll-off of erase saturation state 
for the bottom and top layers. The bottom layer has a slightly 
faster V,roll-off. In addition, the VT distribution of the 
bottom-layer is wider. This is because the bottom layer 
undergoes a higher thermal budget. For better bottom layer 
performance thermal budget should be further reduced. 

The PIE cycle endurance, S.S. degradation, and retention 
are shown in Figs. 17, 18 and 19, respectively, for the short­
channel device (Lg/W=0.2/0,09 um). The bottom layer shows 
no sign of reliability degradation compared to the top layer. 
This indicates that further multi-layer stack is feasible. 

The reading method for the NAND array is shown in 
Fig. 20. Since TFT NAND array has higher series resistance 
compared to the bulk device, read current saturates at large 
gate overdrive. The read current is enhanced by increasing 
VPAss, For VPAss=7 V, and VREAo=l V, the read current for a 
16-string NAND array approaches 1 µA, ample for data Flash 
design. 

The program-inhibit characteristics of TFT NANO 
array are illustrated in Fig. 21. Cells C and D are under 
medium-field gate disturb, while cell B can be program­
inhibited by raising the channel potential. 

VI. Summary 

For the first time, a successful double-layer TFT NAND 
Flash memory is demonstrated. The experimental results are 
very encouraging for future 3D Flash memories. 
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Poly channel thickness 60nm 1. Si substrate • 9. N+ SID & pocket 
implantation 

01 1.5 nm (ISSG) 2. Burled oxide l 0. HDP CVD deposition 

NI 2nm(LPCVD) 3. a-Si channel deposition 11. Oxide CMP planarization 

02 2nm(LPCVD) 4. Low-lemperalure annealing 12. Repeat processes from a-Si 
to N+ SID implantation 

N2 7nm (LPCVD) 
5. Channel pa1teming 13. ILD deposition and 

03 9 nm (ISSG or HTO) planarization 

Poly gate P+-poly 6. P-type well doping 14. Contact patteming 

Channel length 0.2 um 7. BE-SONOS: ONONO 15. Metal deposition and 
formation patterning 

Channel width 0.09 um 8. P•poly gate patteming - 16. Alloy annealing 

Table I Typical process condition of TFT NAND device. Table 2 Fabrication flow of multi-layer TFT NAND device 

Fig. I TEM oflho OI/Nl/02/N2/O3 
structure for TFT BE-SONOS. 

Fig. 2 Tri-gate structure oflhe 
TFTdevice. 

Fig. 3 Channel-lengtl1 direction of 
double-layer TFT NAND devices. 

Fig. 4 Cbannel-widlh direction of 
double-layer TFT NAND devices. 
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Page 2 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(a)(1) the claimed invention was patented, described in a printed publication, or in public use, 
on sale or otherwise available to the public before the effective filing date of the claimed 
invention. 

Claims 1-4, 6, 11-17, 20-22, 24 are rejected under 35 U.S.C. 102(a) (1) as being 

anticipated by Serov et al (US Publication No 2016/0071861 ). 

Regarding claim 1, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 

sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 601/602/62 disposed 

between the stacks, the vertical channel pillars having first Fig 9A-10, 601 and second 

channel films Fig 9A-10, 602 disposed on adjacent stacks in the plurality of stacks and 

a dielectric material Fig 9A-10, 62 (Paragraph 0150) between and contacting the first 

and second channel films; and data storage structures at cross points of the vertical 

channel pillars between the stacks and the conductive strips Fig 9A-10, (42/46) in the 
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stacks, the data storage structures including tunneling layers Fig 9A-10, 56 in contact 

with the vertical channel pillars, discrete charge trapping elements Fig 9A-10, 54 in 

contact with the tunneling layers Fig 9A-10, 56, and blocking layers Fig 9A-10, 52 

between the discrete charge trapping elements Fig 9A-10, 54 and the first sidewalls of 

the conductive strips, the discrete charge trapping elements Fig 9A-10, 54 disposed in 

the first recessed regions on the first sidewalls of the conductive strips Fig 9A-10. 

Regarding claim 2, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the first recessed regions are dielectric charge 

trapping elements (Paragraph 0143). 

Regarding claim 3, Serov discloses the conductive strips in the stacks have 

second sidewalls opposite the first sidewalls recessed relative to the second sides of 

the insulating strips which define second recessed regions on the second sidewalls of 

the conductive strips; and the data storage structures include discrete charge trapping 

elements disposed in the second recessed regions in contact with the tunneling layers, 

and blocking layers between the discrete charge trapping elements in the second 

recessed regions and the second sidewalls of the conductive strips Fig 9A-10. 

Regarding claim 4, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the second recessed regions are dielectric charge 

trapping elements (Paragraph 0043). 

Regarding claim 6, Serov discloses the conductive strips in the plurality of stacks 

of conductive strips include a metal material (Paragraph 0133). 
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Regarding claim 11, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of conductive strips Fig 9A-10, 

Page 4 

(42/46) alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 

32in the stacks having first and second sides Fig 9A-10, and the conductive strips Fig 

9A-10, (42/46) in the stacks having first sidewalls; recessing the first sidewalls of the 

conductive strips relative to the first sides of the insulating strips to define first recessed 

regions in sides of the stacks Fig SA-SC; forming data storage structures in the first 

recessed regions Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on 

the data storage structures on sidewalls of adjacent stacks; and depositing a dielectric 

material Fig 9A-10, 62 between the first and second channel films, the dielectric 

material contacting the first and second channel films on the sidewalls of the adjacent 

stacks Fig 9A-10. 

Regarding claim 12, Serov discloses said forming the data storage structures 

comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls of the 

conductive strips in the first recessed regions; depositing charge trapping material Fig 

9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions. 

Regarding claim 13, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 
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Regarding claim 14, Serov discloses comprising: said depositing the blocking 

layers Fig 9A-10, 52 including depositing the blocking layers Fig 9A-10, 52 over the first 

sides of the insulating strips Fig 68; and said depositing the charge trapping material 

Fig 9A-10, 54 including depositing the charge trapping material Fig 9A-10, 52 over the 

blocking layers Fig 68 over the first sides of the insulating strips Fig 68; and separating 

the charge trapping material between adjacent first recessed regions Fig 6A-6C. 

Regarding claim 15, Serov discloses said separating the charge trapping material 

Fig 9A-10, 54 including removing the charge trapping material over the blocking layers 

over the first sides of the insulating strips, while keeping the charge trapping material in 

the first recessed regions Fig 6A-8C. 

Regarding claim 16, Serov discloses comprising: etching to isolate the data 

storage structures along the conductive strips, to form discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56 and the 

blocking layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-

10, 54 and the first sidewalls of the conductive strips. 

Regarding claim 17, Serov discloses wherein the conductive strips in the stacks 

of conductive strips have second sidewalls opposite the first sidewalls Fig 9A-10, the 

manufacturing method comprising: recessing the second sidewalls of the conductive 

strips relative to the second sides of the insulating strips to define second recessed 

regions in sides of the stacks; and forming the data storage structures in the second 

recessed regions Fig 5A-10. 
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forming a plurality of stacks Fig 9A-10, 32/(42/46) of sacrificial strips Fig 9A-10, 42 

alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 32in the 

stacks having first and second sides Fig 9A-10, and the sacrificial strips Fig 9A-10, 42 

in the stacks having first sidewalls; recessing the first sidewalls of the sacrificial strips 

relative to the first sides of the insulating strips to define first recessed regions in sides 

of the stacks Fig SA-SC; forming data storage structures in the first recessed regions 

Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on the data storage 

structures on sidewalls of adjacent stacks; and depositing a dielectric material Fig 9A-

10, 62 between the first and second channel films, the dielectric material contacting the 

first and second channel films on the sidewalls of the adjacent stacks Fig 9A-10, and 

replacing the sacrificial strips in the stacks with a metal material Fig 10, 46. 

Regarding claim 21, Serov discloses said forming the data storage structures 

comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls of the 

conductive strips in the first recessed regions; depositing charge trapping material Fig 

9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions. 

Regarding claim 22, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 
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Regarding claim 24, Serov discloses said replacing comprising: etching the 

stacks to form a trench, exposing the sacrificial strips in the trench; removing the 

sacrificial strips in the trench; depositing the metal material in the trench; and separating 

the metal material between the insulating strips in the trench (Paragraph 0152-0154). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 
been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861) in view of Liu et al 

(US Publication No. 2016/0204117). 

Regarding claims, 5, 19, and 23, Serov discloses all the limitations except for the 

gap in the channel region. Whereas Liu discloses leaving a gap between the first and 

second vertical channel films Fig 2A-4B (Paragraph 0075-0076). Therefore it would 

have been obvious to one having ordinary skill of the art before the effective filing date 

of the claimed invention to modify the device of Serov and incorporate a gap to provide 

a connector between device levels. 

Regarding claim 18, Liu discloses etching to isolate the first and second channel 

films and the dielectric material between the first and second channel films along the 

conductive strips, to form vertical channel pillars between the stacks, so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 
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conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-4B (Paragraph 0075-0076). 

Regarding claim 7, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 

sides of the stacks Fig 9A-10; and having second sidewall opposite the first sidewalls 

recessed relative to the second sides of the insulating strips which define second 

recessed regions in sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 

601/602/62 disposed between the stacks, the vertical channel pillars having first Fig 9A-

10, 601 and second channel films Fig 9A-10, 602 disposed on adjacent stacks in the 

plurality of stacks and a dielectric material Fig 9A-10, 62 (Paragraph 0150) between 

and contacting the first and second channel films; and data storage structures at cross 

points of the vertical channel pillars between the stacks and the conductive strips Fig 

9A-10, (42/46) in the stacks, the data storage structures including tunneling layers Fig 

9A-10, 56 in contact with the vertical channel pillars, discrete charge trapping elements 

Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56, and blocking layers 

Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-10, 54 and the 

first sidewalls of the conductive strips and between the discrete charge trapping 

elements and the second sidewalls of the conductive strips Fig 9A-10, the discrete 
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charge trapping elements Fig 9A-10, 54 disposed in the first recessed regions on the 

first sidewalls of the conductive strips and disposed in the second recessed regions on 

the second sidewalls of the conductive strips Fig 9A-10. Serov discloses all the 

limitations except for the offset in the channel region. Whereas Liu discloses the vertical 

channel pillars are arranged so that a first row of the vertical channel pillars disposed on 

the first sidewalls of a particular stack of conductive strips is offset in a row direction 

from a second row of the vertical channel pillars disposed on the second sidewalls of 

the particular stack of conductive strips Fig 2A-4B (Paragraph 0075-0076). Therefore it 

would have been obvious to one having ordinary skill of the art before the effective filing 

date of the claimed invention to modify the device of Serov and incorporate an offset to 

provide a connector between device levels. 

Regarding claim 8, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 are dielectric charge trapping elements (Paragraph 0143). 

Regarding claim 9, Serov discloses wherein the dielectric material comprises a 

gap Fig 2A-4B (Paragraph 0075-0076). 

Regarding claim 10, Serov discloses the conductive strips in the plurality of 

stacks of conductive strips include a metal material (Paragraph 0133). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHRISTINE ENAD whose telephone number is 
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(571 )270-7891. The examiner can normally be reached on Monday - Thursday, 7:30 

am - 6:00 pm, EST. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Olik Chaudhuri can be reached on (571) 272 9820. 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. 

/CHRISTINE ENAD/ 
Primary Examiner, Art Unit 2823 
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Application No. 151410,965 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
I hereby certify that this correspondence is being electronically 
transmitted to United States Patent and Trademark Office on 08 January 2018. 
I Amy Jonsson/ 
Amy Jonsson 

MXIC 2194-1 
(Pl050004US) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of inventor(s): 
Hang-Ting Lue 

Application No. 151410,965 

Confirmation No. 3219 

Filing Date: 20 January 2017 

Title: DISCRETE CHARGE TRAPPING 
ELEMENTS FOR 3D NAND 
ARCHITECTURE 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Group Art Unit: 2823 

Examiner: Christine A Enad 

CUSTOMER NO. 46353 

AMENDMENT AND RESPONSE 

Sir: 

In response to the Office Action dated 29 November 2017, Applicant requests 

consideration of the following amendments in the above-referenced application: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 8 of this paper. 

Ill 
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Application No. 15/410,965 

In the claims: 

MXIC 2194-1 
(PlO5OOO4US) 

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

application: 

1 1. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks; 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material between and contacting the first and second channel 

9 films; and 

10 data storage structures at cross points of the vertical channel pillars between the 

11 stacks and the conductive strips in the stacks, the data storage structures including 

12 tunneling layers in contact with the first and second channel films in the vertical channel 

13 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

14 blocking layers between the discrete charge trapping elements and the first sidewalls of 

15 the conductive strips, the discrete charge trapping elements disposed in the first recessed 

16 regions on the first sidewalls of the conductive strips. 

1 

1 2. ( original) The memory device of claim 1, wherein the discrete charge trapping 

2 elements disposed in the first recessed regions are dielectric charge trapping elements. 

1 

1 3. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 stacks have second sidewalls opposite the first sidewalls recessed relative to the second 

3 sides of the insulating strips which define second recessed regions on the second 

4 sidewalls of the conductive strips; and 

5 the data storage structures include discrete charge trapping elements disposed in 

6 the second recessed regions in contact with the tunneling layers, and blocking layers 
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Application No. 15/410,965 MXIC 2194-1 
(PlO5OOO4US) 

7 between the discrete charge trapping elements in the second recessed regions and the 

8 second sidewalls of the conductive strips. 

1 

1 4. ( original) The memory device of claim 3, wherein the discrete charge trapping 

2 elements disposed in the second recessed regions are dielectric charge trapping elements. 

1 

1 5. ( original) The memory device of claim 1, wherein the dielectric material 

2 compnses a gap. 

1 

1 6. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 7. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks and having second sidewalls 

6 opposite the first sidewalls recessed relative to the second sides of the insulating strips 

7 which define second recessed regions in sides of the stacks; 

8 vertical channel pillars disposed between the stacks, the vertical channel pillars 

9 having first and second channel films disposed on adjacent stacks in the plurality of 

10 stacks and a dielectric material between and contacting the first and second channel 

11 films; and 

12 data storage structures at cross points of the vertical channel pillars between the 

13 stacks and the conductive strips in the stacks, the data storage structures including 

14 tunneling layers in contact with the first and second channel films in the vertical channel 

15 pillars, discrete charge trapping elements in contact with the tunneling layers and 

16 blocking layers between the discrete charge trapping elements and the first sidewalls of 

17 the conductive strips and between the discrete charge trapping elements and the second 

18 sidewalls of the conductive strips, the discrete charge trapping elements disposed in the 
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19 first recessed regions on the first sidewalls of the conductive strips and disposed in the 

20 second recessed regions on the second sidewalls of the conductive strips, 

21 wherein the vertical channel pillars are arranged so that a first row of the vertical 

22 channel pillars disposed on the first sidewalls of a particular stack of conductive strips is 

23 offset in a row direction from a second row of the vertical channel pillars disposed on the 

24 second sidewalls of the particular stack of conductive strips. 

1 

1 8. ( original) The memory device of claim 7, wherein the discrete charge trapping 

2 elements are dielectric charge trapping elements. 

1 

1 9. ( original) The memory device of claim 7, wherein the dielectric material 

2 compnses a gap. 

1 

1 10. ( original) The memory device of claim 7, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 11. ( original) A manufacturing method, comprising: 

2 forming a plurality of stacks of conductive strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the conductive strips 

4 in the stacks having first sidewalls; 

5 recessing the first sidewalls of the conductive strips relative to the first sides of 

6 the insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions; 

8 forming first and second channel films on the data storage structures on sidewalls 

9 of adjacent stacks; and 

10 depositing a dielectric material between the first and second channel films, the 

11 dielectric material contacting the first and second channel films on the sidewalls of the 

12 adjacent stacks. 

1 

1 12. ( original) The manufacturing method of claim 11, said forming the data storage 

2 structures comprising: 
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3 depositing blocking layers over the first sidewalls of the conductive strips in the 

4 first recessed regions; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing tunneling layers over the charge trapping material in the first recessed 

8 reg10ns. 

1 

1 13. ( original) The manufacturing method of claim 12, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 

1 14. ( original) The manufacturing method of claim 12, comprising: 

2 said depositing the blocking layers including depositing the blocking layers over 

3 the first sides of the insulating strips; and 

4 said depositing the charge trapping material including depositing the charge 

5 trapping material over the blocking layers over the first sides of the insulating strips; and 

6 separating the charge trapping material between adjacent first recessed regions. 

1 

1 15. ( original) The manufacturing method of claim 14, said separating the charge 

2 trapping material including removing the charge trapping material over the blocking 

3 layers over the first sides of the insulating strips, while keeping the charge trapping 

4 material in the first recessed regions. 

1 

1 16. ( original) The manufacturing method of claim 11, comprising: 

2 etching to isolate the data storage structures along the conductive strips, to form 

3 discrete charge trapping elements in contact with the tunneling layers and the blocking 

4 layers between the discrete charge trapping elements and the first sidewalls of the 

5 conductive strips. 

1 

1 17. ( original) The manufacturing method of claim 11, wherein the conductive strips in 

2 the stacks of conductive strips have second sidewalls opposite the first sidewalls, the 

3 manufacturing method comprising: 
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4 recessing the second sidewalls of the conductive strips relative to the second sides 

5 of the insulating strips to define second recessed regions in sides of the stacks; and 

6 forming the data storage structures in the second recessed regions. 

1 

1 18. ( original) The manufacturing method of claim 17, 

2 etching to isolate the first and second channel films and the dielectric material 

3 between the first and second channel films along the conductive strips, to form vertical 

4 channel pillars between the stacks, so that a first row of the vertical channel pillars 

5 disposed on the first sidewalls of a particular stack of conductive strips is offset in a row 

6 direction from a second row of the vertical channel pillars disposed on the second 

7 sidewalls of the particular stack of conductive strips. 

1 19. ( original) The manufacturing method of claim 11, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 20. ( original) A manufacturing method, comprising: 

2 forming a plurality of stacks of sacrificial strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the sacrificial strips in 

4 the stacks having first sidewalls; 

5 recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

6 insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions; 

8 forming first and second channel films on the data storage structures on sidewalls 

9 of adjacent stacks; 

10 depositing a dielectric material between the first and second channel films, the 

11 dielectric material contacting the first and second channel films on the sidewalls of the 

12 adjacent stacks; and 

13 replacing the sacrificial strips in the stacks with a metal material. 

1 
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1 21. ( original) The manufacturing method of claim 20, said forming the data storage 

2 structures comprising: 

3 depositing blocking layers over the first sidewalls of the sacrificial strips in the 

4 first recessed regions; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing tunneling layers over the charge trapping material in the first recessed 

8 reg10ns. 

1 

1 22. (original) The manufacturing method of claim 21, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 23. ( original) The manufacturing method of claim 20, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 

2 

3 

4 

5 

1 

24. 

1 I I I 

Ill 

( original) The manufacturing method of claim 20, said replacing comprising: 

etching the stacks to form a trench, exposing the sacrificial strips in the trench; 

removing the sacrificial strips in the trench; 

depositing the metal material in the trench; and 

separating the metal material between the insulating strips in the trench. 
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Application No. 15/410,965 

REMARKS 

MXIC 2194-1 
(PlO5OOO4US) 

The present application is being examined under the first inventor to file provisions of the 

AIA. 

The Examiner reviewed claims 1-24. Claims 1-4, 6, 11-17, 20-22 and 24 are rejected 

under 35 U.S.C. 1O2(a)(l). Claims 5, 7-10, 18-19 and 23 are rejected under 35 U.S.C.1O3. 

Applicant has amended claims 1 and 7. 

Claims 1-24 are pending. 

Claim Amendments 

Applicant has amended claim 1 to recite "the data storage structures including tunneling 

layers in contact with the first and second channel films in the vertical channel pillars". Support 

for the amendment can be found in at least the original claim 1 which includes "the vertical 

channel pillars having first and second channel films" on lines 6-7, and Figure 9 which illustrates 

tunneling layers ( e.g. 810) in contact with the first and second channel films ( e.g. 910, 920) in 

the vertical channel pillars. Applicant has made corresponding amendment in claim 7. No new 

matter is added. 

Rejection of Claims 1-4, 6, 11-17, 20-22 and 24 under 35 U.S.C. 1O2(a)(l) 

Claims 1-4, 6, 11-17, 20-22, 24 are rejected under 35 U.S.C. 1O2(a) (1) as being 

anticipated by Serov et al (US Publication No 2016/0071861). 

Claim 1 

Claim 1 includes the limitations 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material between and contacting the first and second channel 

films; and 

data storage structures at cross points of the vertical channel pillars between the 

stacks and the conductive strips in the stacks, the data storage structures including 

tunneling layers in contact with the first and second channel films in the vertical channel 

pi Ila rs, ... " 
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Application No. 15/410,965 

Emphasis added. 

MXIC 2194-1 
(Pl050004US) 

Serov does not anticipate at least the quoted limitations, as explained below. 

Serov describes a three dimensional NAND device that includes a first semiconductor 

channel (e.g. 601, FIGs. 9A, 9B, 9C), a second semiconductor channel (e.g. 602, FIGs. 9A, 9B, 

9C), and a dielectric core (e.g. 62, FIGs. 9A, 9B, 9C). 

The Office Action asserts: 

"Regarding claim 1, Serov discloses a memory device, comprising: ... vertical 

channel pillars Fig 9A-10, 601/602/62 disposed between the stacks, the vertical channel 

pillars having first Fig 9A-10, 601 and second channel films Fig 9A-10, 602 disposed on 

adjacent stacks in the plurality of stacks and a dielectric material Fig 9A-10, 62 

(Paragraph 0150) between and contacting the first and second channel films; and data 

storage structures at cross points of the vertical channel pillars between the stacks and the 

conductive strips Fig 9A-10, (42/46) in the stacks, the data storage structures including 

tunneling layers Fig 9A-10, 56 in contact with the vertical channel pillars," 

Pages 2-3, emphasis added. 

FIG. 9C of Serov is reproduced below for convenience. 
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SSA 

60~ 
~ 

6 2 601 

55B 

~ 

FIG. 9C 

MXIC 2194-1 
(Pl050004US) 

As shown in 9C of Serov, a dielectric core 62 is surrounded by a second semiconductor 

channel portion 602, which is surrounded by a first semiconductor channel portion 601. As such, 

the dielectric core 62 is NOT between the first semiconductor channel portion 601 and the 

second semiconductor channel portion 602, and NOT contacting the first semiconductor channel 

portion 601. In contrast, claim 1 requires "a dielectric material between and contacting the first 

and second channel films". 

Furthermore, as shown in 9C of Serov, although a tunneling dielectric 56 surrounds the 

first semiconductor channel portion 601, the tunneling dielectric 56 is NOT in contact with the 

second semiconductor channel portion 602. In contrast, claim 1 requires "tunneling layers in 

contact with the first and second channel films in the vertical channel pillars". 

Accordingly Serov does not anticipate at least the quoted limitations in claim 1. 

Claim 11 

Claim 11 includes the limitations 
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"depositing a dielectric material between the first and second channel films, the 

dielectric material contacting the first and second channel films on the sidewalls of the 

adjacent stacks." 

Emphasis added. 

Serov does not anticipate at least the quoted limitations, as explained below. 

The Office Action asserts: 

"Regarding claim 11, Serov discloses a manufacturing method, comprising: ... 

and depositing a dielectric material Fig 9A-10, 62 between the first and second channel 

films, the dielectric material contacting the first and second channel films on the 

sidewalls of the adjacent stacks Fig 9A-10." 

Page 4; emphasis added. 

As shown in 9C of Serov, a dielectric core 62 is surrounded by a second semiconductor 

channel portion 602, which is surrounded by a first semiconductor channel portion 601. As such, 

the dielectric core 62 is NOT between the first semiconductor channel portion 601 and the 

second semiconductor channel portion 602, and NOT contacting the first semiconductor channel 

portion 601. In contrast, claim 11 requires "depositing a dielectric material between the first 

and second channel films, the dielectric material contacting the first and second channel films 

on the sidewalls of the adjacent stacks". 

Accordingly Serov does not anticipate at least the quoted limitations in claim 11. 

Claim 20 

Claim 20 includes the limitations 

"depositing a dielectric material between the first and second channel films, the 

dielectric material contacting the first and second channel films on the sidewalls of the 

adjacent stacks;" 

Emphasis added. 

Serov does not anticipate at least the quoted limitations, as explained below. 

The Office Action asserts: 

"Regarding claim 20, Serov discloses a manufacturing method, comprising: ... 

and depositing a dielectric material Fig 9A-10, 62 between the first and second channel 

films, the dielectric material contacting the first and second channel films on the 

sidewalls of the adjacent stacks Fig 9A-10, ... " 
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Page 6; emphasis added. 

MXIC 2194-1 
(Pl050004US) 

As shown in 9C of Serov, a dielectric core 62 is surrounded by a second semiconductor 

channel portion 602, which is surrounded by a first semiconductor channel portion 601. As such, 

the dielectric core 62 is NOT between the first semiconductor channel portion 601 and the 

second semiconductor channel portion 602, and NOT contacting the first semiconductor channel 

portion 601. In contrast, claim 11 requires "depositing a dielectric material between the first 

and second channel films, the dielectric material contacting the first and second channel films 

on the sidewalls of the adjacent stacks". 

Accordingly Serov does not anticipate at least the quoted limitations in claim 20. 

Claim 1 as amended should be allowable for at least the reasons explained above. 

Claims 2-4 and 6 depend from claim 1, and should be allowable for at least the same 

reasons as explained for claim 1, and because of the unique combinations recited. 

Claim 11 as amended should be allowable for at least the reasons explained above. 

Claims 12-17 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claim 20 as amended should be allowable for at least the reasons explained above. 

Claims 21-22 and 24 depend from claim 20, and should be allowable for at least the same 

reasons as explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 1-4, 6, 11-17, 20-22 and 24 as 

amended under 35 U.S.C. § 102(a) (1) is respectfully requested. 

Rejection of Claims 5, 7-10, 18-19 and 23 under 35 U.S.C. 103 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being unpatentable over 

Serov et al (US Publication No 2016/0071861) in view of Liu et al (US Publication No. 

2016/0204117). 

Claim 7 

Claim 7 includes the limitations 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material between and contacting the first and second channel 

films; and 
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data storage structures at cross points of the vertical channel pillars between the 

stacks and the conductive strips in the stacks, the data storage structures including 

tunneling layers in contact with the first and second channel films in the vertical channel 

pi Ila rs, ... " 

Emphasis added. 

The quoted limitations in claim 7 before the amendment are rejected (Page 8, the Office 

Action) by the same arguments as for corresponding limitations in claim 1 before the amendment 

(Pages 2-3, the Office Action). 

Claim 7 as amended should be allowable for at least the same reasons as explained for 

claim 1 as amended. 

Claims 8-10 depend from claim 7, and should be allowable for at least the same reasons 

as explained for claim 7, and because of the unique combinations recited. 

Claim 5 depends from claim 1, and should be allowable for at least the same reasons as 

explained for claim 1, and because of the unique combinations recited. 

Claims 18-19 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claim 23 depends from claim 20, and should be allowable for at least the same reasons as 

explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 5, 7-10, 18-19, 23 as amended 

under 35 U.S.C. § 103 is respectfully requested. 
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CONCLUSION 

MXIC 2194-1 
(Pl050004US) 

It is respectfully submitted that this application is now in condition for allowance. 

The Commissioner is hereby authorized to charge any fee determined to be due in 

connection with this communication, or credit any overpayment, to our Deposit Account No. 50-

0869 (MXIC 2194-1). 

Dated: 08 January 2018 

MACRONIX c/o: 
HA YNES BEFFEL & WOLFELD LLP 
P.O. Box 366 
Half Moon Bay, CA 94019 
(650) 712-0340 phone 
(650) 712-0263 fax 

Respectfully submitted, 

/Yiding Wu/ 

Yiding Wu, Reg. No. 65,992 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Response to Arguments 

Applicant's arguments, see Page 8-13, filed 1/8/2018 with respect to the 

rejection(s) of claims 1, 7, 11, 20 under USC 102 and USC 103 have been fully 

considered and are persuasive. Therefore, the rejection has been withdrawn. 

However, upon further consideration, a new ground(s) of rejection is made in view of 

Serov et al (US Publication No 2016/0071861) pertaining to Embodiment 1 (Fig 9B) and 

Embodiment 2 (Fig 16B). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 
been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

Claims 1-4, 6, 11-17, 20-22, 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861 ). 
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Regarding claim 1, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 
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sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 601/602/62 disposed 

between the stacks, the vertical channel pillars having first Fig 9A-10, 601 and second 

channel films Fig 9A-10, 602 disposed on adjacent stacks in the plurality of stacks and 

a dielectric material Fig 9A-10, 62 (Paragraph 0150) between and contacting the 

second channel film; and data storage structures at cross points of the vertical channel 

pillars between the stacks and the conductive strips Fig 9A-10, (42/46) in the stacks, 

the data storage structures including tunneling layers Fig 9A-10, 56 in contact with the 

first and second channel films in the vertical channel pillars, discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56, and blocking 

layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-10, 54 and 

the first sidewalls of the conductive strips, the discrete charge trapping elements Fig 

9A-10, 54 disposed in the first recessed regions on the first sidewalls of the conductive 

strips Fig 9A-10. Embodiment 1 (Fig 98) of Serov discloses all the limitations except 

for the arrangement of the channel layers. Whereas Embodiment 2 (Fig 168) of Serov 

discloses an alternative channel arrangement wherein vertical channel pillars Fig 168, 

602 disposed between the stacks, the vertical channel pillars having first Fig 168, 602 

(left side of layer 62) and second channel films Fig 168, 602 (right side of layer 62) 

disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 168, 

62 between and contacting the first Fig 168, 602 (left side of layer 62) and second 

channel film Fig 168, 602 (right side of layer 62) ; the data storage structures 

including tunneling layers Fig 168, 56 in contact with the first and second channel films 

in the vertical channel pillars, discrete charge trapping elements Fig 168, 54 in contact 
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with the tunneling layers Fig 168, 56. Therefore it would have been obvious to one 

having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 

as an alternative channel arrangement. 

Regarding claim 2, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the first recessed regions are dielectric charge 

trapping elements (Paragraph 0143). 

Regarding claim 3, Serov discloses the conductive strips in the stacks have 

second sidewalls opposite the first sidewalls recessed relative to the second sides of 

the insulating strips which define second recessed regions on the second sidewalls of 

the conductive strips; and the data storage structures include discrete charge trapping 

elements disposed in the second recessed regions in contact with the tunneling layers, 

and blocking layers between the discrete charge trapping elements in the second 

recessed regions and the second sidewalls of the conductive strips Fig 9A-10. 

Regarding claim 4, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the second recessed regions are dielectric charge 

trapping elements (Paragraph 0043). 

Regarding claim 6, Serov discloses the conductive strips in the plurality of stacks 

of conductive strips include a metal material (Paragraph 0133). 

Regarding claim 11, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of conductive strips Fig 9A-10, 

(42/46) alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 

Micron Ex. 1022, p. 133 
Micron v. YMTC 
IPR2024-00793 



Application/Control Number: 15/410,965 

Art Unit: 2823 

Page 7 

32in the stacks having first and second sides Fig 9A-10, and the conductive strips Fig 

9A-10, (42/46) in the stacks having first sidewalls; recessing the first sidewalls of the 

conductive strips relative to the first sides of the insulating strips to define first recessed 

regions in sides of the stacks Fig SA-SC; forming data storage structures in the first 

recessed regions Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on 

the data storage structures on sidewalls of adjacent stacks; and depositing a dielectric 

material Fig 9A-10, 62 between the first and second channel films, the dielectric 

material contacting the second channel films on the sidewalls of the adjacent stacks Fig 

9A-10. Embodiment 1 (Fig 98) of Serov discloses all the limitations except for the 

arrangement of the channel layers. Whereas Embodiment 2 (Fig 168) of Serov 

discloses an alternative channel arrangement wherein vertical channel pillars Fig 168, 

602 disposed between the stacks, the vertical channel pillars having first Fig 168, 602 

(left side of layer 62) and second channel films Fig 168, 602 (right side of layer 62) 

disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 168, 

62 between and contacting the first Fig 168, 602 (left side of layer 62) and second 

channel film Fig 168, 602 (right side of layer 62) ; the data storage structures 

including tunneling layers Fig 168, 56 in contact with the first and second channel films 

in the vertical channel pillars, discrete charge trapping elements Fig 168, 54 in contact 

with the tunneling layers Fig 168, 56. Therefore it would have been obvious to one 

having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 

as an alternative channel arrangement 
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Regarding claim 12, Serov discloses said forming the data storage structures 

comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls of the 

conductive strips in the first recessed regions; depositing charge trapping material Fig 

9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions. 

Regarding claim 13, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 

Regarding claim 14, Serov discloses comprising: said depositing the blocking 

layers Fig 9A-10, 52 including depositing the blocking layers Fig 9A-10, 52 over the first 

sides of the insulating strips Fig 68; and said depositing the charge trapping material 

Fig 9A-10, 54 including depositing the charge trapping material Fig 9A-10, 52 over the 

blocking layers Fig 68 over the first sides of the insulating strips Fig 68; and separating 

the charge trapping material between adjacent first recessed regions Fig 6A-6C. 

Regarding claim 15, Serov discloses said separating the charge trapping material 

Fig 9A-10, 54 including removing the charge trapping material over the blocking layers 

over the first sides of the insulating strips, while keeping the charge trapping material in 

the first recessed regions Fig 6A-8C. 

Regarding claim 16, Serov discloses comprising: etching to isolate the data 

storage structures along the conductive strips, to form discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56 and the 
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blocking layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-

10, 54 and the first sidewalls of the conductive strips. 

Regarding claim 17, Serov discloses wherein the conductive strips in the stacks 

of conductive strips have second sidewalls opposite the first sidewalls Fig 9A-10, the 

manufacturing method comprising: recessing the second sidewalls of the conductive 

strips relative to the second sides of the insulating strips to define second recessed 

regions in sides of the stacks; and forming the data storage structures in the second 

recessed regions Fig SA-10. 

Regarding claim 20, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of sacrificial strips Fig 9A-10, 42 

alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 32in the 

stacks having first and second sides Fig 9A-10, and the sacrificial strips Fig 9A-10, 42 

in the stacks having first sidewalls; recessing the first sidewalls of the sacrificial strips 

relative to the first sides of the insulating strips to define first recessed regions in sides 

of the stacks Fig SA-SC; forming data storage structures in the first recessed regions 

Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on the data storage 

structures on sidewalls of adjacent stacks; and depositing a dielectric material Fig 9A-

10, 62 between the first and second channel films, the dielectric material contacting the 

second channel films on the sidewalls of the adjacent stacks Fig 9A-10, and replacing 

the sacrificial strips in the stacks with a metal material Fig 10, 46. Embodiment 1 (Fig 

98) of Serov discloses all the limitations except for the arrangement of the channel 

layers. Whereas Embodiment 2 (Fig 168) of Serov discloses an alternative channel 

Micron Ex. 1022, p. 136 
Micron v. YMTC 
IPR2024-00793 



Application/Control Number: 15/410,965 

Art Unit: 2823 

Page 1 0 

arrangement wherein vertical channel pillars Fig 168, 602 disposed between the 

stacks, the vertical channel pillars having first Fig 168, 602 (left side of layer 62) and 

second channel films Fig 168, 602 (right side of layer 62) disposed on adjacent 

stacks in the plurality of stacks and a dielectric material Fig 168, 62 between and 

contacting the first Fig 168, 602 (left side of layer 62) and second channel film Fig 

168, 602 (right side of layer 62) ; the data storage structures including tunneling layers 

Fig 168, 56 in contact with the first and second channel films in the vertical channel 

pillars, discrete charge trapping elements Fig 168, 54 in contact with the tunneling 

layers Fig 168, 56. Therefore it would have been obvious to one having ordinary skill of 

the art before the effective filing date of the claimed invention to modify the Embodiment 

1 of Serov and incorporate the arrangement of Embodiment 2 as an alternative channel 

arrangement. 

Regarding claim 21, Serov discloses said forming the data storage structures 

comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls of the 

conductive strips in the first recessed regions; depositing charge trapping material Fig 

9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions. 

Regarding claim 22, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 
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Regarding claim 24, Serov discloses said replacing comprising: etching the 

stacks to form a trench, exposing the sacrificial strips in the trench; removing the 

sacrificial strips in the trench; depositing the metal material in the trench; and separating 

the metal material between the insulating strips in the trench (Paragraph 0152-0154). 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861) in view of Liu et al 

(US Publication No. 2016/0204117). 

Regarding claims, 5, 19, and 23, Serov discloses all the limitations except for the 

gap in the channel region. Whereas Liu discloses leaving a gap between the first and 

second vertical channel films Fig 2A-4B (Paragraph 0075-0076). Therefore it would 

have been obvious to one having ordinary skill of the art before the effective filing date 

of the claimed invention to modify the device of Serov and incorporate a gap to provide 

a connector between device levels. 

Regarding claim 7, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 

sides of the stacks Fig 9A-10; and having second sidewall opposite the first sidewalls 

recessed relative to the second sides of the insulating strips which define second 

recessed regions in sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 

601/602/62 disposed between the stacks, the vertical channel pillars having first Fig 9A-
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10, 601 and second channel films Fig 9A-10, 602 disposed on adjacent stacks in the 

plurality of stacks and a dielectric material Fig 9A-10, 62 (Paragraph 0150) between 

and contacting the second channel films; and data storage structures at cross points of 

the vertical channel pillars between the stacks and the conductive strips Fig 9A-10, 

(42/46) in the stacks, the data storage structures including tunneling layers Fig 9A-10, 

56 in contact with the first and second channel films in the vertical channel pillars, 

discrete charge trapping elements Fig 9A-10, 54 in contact with the tunneling layers Fig 

9A-10, 56, and blocking layers Fig 9A-10, 52 between the discrete charge trapping 

elements Fig 9A-10, 54 and the first sidewalls of the conductive strips and between the 

discrete charge trapping elements and the second sidewalls of the conductive strips Fig 

9A-10, the discrete charge trapping elements Fig 9A-10, 54 disposed in the first 

recessed regions on the first sidewalls of the conductive strips and disposed in the 

second recessed regions on the second sidewalls of the conductive strips Fig 9A-10. 

Serov discloses all the limitations except for the offset in the channel region. 

Whereas Liu discloses the vertical channel pillars are arranged so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 

conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-4B (Paragraph 0075-0076). Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the device of Serov and incorporate an offset to provide a connector between device 
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levels. Embodiment 1 (Fig 98) of Serov discloses all the limitations except for the 

arrangement of the channel layers. 

Whereas Embodiment 2 (Fig 168) of Serov discloses an alternative channel 

arrangement wherein vertical channel pillars Fig 168, 602 disposed between the 

stacks, the vertical channel pillars having first Fig 168, 602 (left side of layer 62) and 

second channel films Fig 168, 602 (right side of layer 62) disposed on adjacent 

stacks in the plurality of stacks and a dielectric material Fig 168, 62 between and 

contacting the first Fig 168, 602 (left side of layer 62) and second channel film Fig 

168, 602 (right side of layer 62) ; the data storage structures including tunneling layers 

Fig 168, 56 in contact with the first and second channel films in the vertical channel 

pillars, discrete charge trapping elements Fig 168, 54 in contact with the tunneling 

layers Fig 168, 56. Therefore it would have been obvious to one having ordinary skill of 

the art before the effective filing date of the claimed invention to modify the Embodiment 

1 of Serov and incorporate the arrangement of Embodiment 2 as an alternative channel 

arrangement. 

Regarding claim 8, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 are dielectric charge trapping elements (Paragraph 0143). 

Regarding claim 9, Serov discloses wherein the dielectric material comprises a 

gap Fig 2A-48 (Paragraph 0075-0076). 

Regarding claim 10, Serov discloses the conductive strips in the plurality of 

stacks of conductive strips include a metal material (Paragraph 0133). 
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Regarding claim 18, Liu discloses etching to isolate the first and second channel 

films and the dielectric material between the first and second channel films along the 

conductive strips, to form vertical channel pillars between the stacks, so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 

conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-4B (Paragraph 0075-0076). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHRISTINE ENAD whose telephone number is 

(571 )270-7891. The examiner can normally be reached on Monday - Thursday, 7:30 

am - 6:00 pm, EST. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Olik Chaudhuri can be reached on (571) 272 9820. The fax phone number 

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

/CHRISTINE ENAD/ 
Primary Examiner, Art Unit 2823 
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AMENDMENT AND RESPONSE 

Sir: 

In response to the Office Action dated 25 May 2018, Applicant requests consideration of 

the following amendments in the above-referenced application: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Ill 

An Interview Summary begins on page 9. 

Remarks begin on page 10 of this paper. 
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In the claims: 
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This listing of claims will replace all prior versions and listings of claims in the 

application: 

1 1. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks; 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material between and contacting the first and second channel 

9 films; and 

10 data storage structures at cross points of the vertical channel pillars between the 

11 stacks and the conductive strips in the stacks, the data storage structures including 

12 tunneling layers in contact with the first and second channel films in the vertical channel 

13 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

14 blocking layers between the discrete charge trapping elements and the first sidewalls of 

15 the conductive strips and between the tunneling layers and the first sides of the insulating 

16 strips, the blocking layers continuous across and in contact with the first sides of the 

17 insulating strips vertically between adjacent conductive strips in the stacks, the discrete 

18 charge trapping elements disposed in the first recessed regions on the first sidewalls of 

19 the conductive strips. 

1 

1 2. ( original) The memory device of claim 1, wherein the discrete charge trapping 

2 elements disposed in the first recessed regions are dielectric charge trapping elements. 

1 

1 3. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 stacks have second sidewalls opposite the first sidewalls recessed relative to the second 

3 sides of the insulating strips which define second recessed regions on the second 

4 sidewalls of the conductive strips; and 
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5 the data storage structures include discrete charge trapping elements disposed in 

6 the second recessed regions in contact with the tunneling layers, and blocking layers 

7 between the discrete charge trapping elements in the second recessed regions and the 

8 second sidewalls of the conductive strips. 

1 

1 4. ( original) The memory device of claim 3, wherein the discrete charge trapping 

2 elements disposed in the second recessed regions are dielectric charge trapping elements. 

1 

1 5. ( original) The memory device of claim 1, wherein the dielectric material 

2 compnses a gap. 

1 

1 6. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 7. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks and having second sidewalls 

6 opposite the first sidewalls recessed relative to the second sides of the insulating strips 

7 which define second recessed regions in sides of the stacks; 

8 vertical channel pillars disposed between the stacks, the vertical channel pillars 

9 having first and second channel films disposed on adjacent stacks in the plurality of 

10 stacks and a dielectric material between and contacting the first and second channel 

11 films; and 

12 data storage structures at cross points of the vertical channel pillars between the 

13 stacks and the conductive strips in the stacks, the data storage structures including 

14 tunneling layers in contact with the first and second channel films in the vertical channel 

15 pillars, discrete charge trapping elements in contact with the tunneling layers.,_ and 

16 blocking layers between the discrete charge trapping elements and the first sidewalls of 

17 the conductive strips.,_ [[and]] between the discrete charge trapping elements and the 
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18 second sidewalls of the conductive strips, between the tunneling layers and the first sides 

19 of the insulating strips, and between the tunneling layers and the second sides of the 

20 insulating strips, the blocking layers continuous across and in contact with the first sides 

21 of the insulating strips vertically between adjacent conductive strips in the stacks, the 

22 blocking layers continuous across and in contact with the second sides of the insulating 

23 strips vertically between adjacent conductive strips in the stacks, the discrete charge 

24 trapping elements disposed in the first recessed regions on the first sidewalls of the 

25 conductive strips and disposed in the second recessed regions on the second sidewalls of 

26 the conductive strips, 

27 wherein the vertical channel pillars are arranged so that a first row of the vertical 

28 channel pillars disposed on the first sidewalls of a particular stack of conductive strips is 

29 offset in a row direction from a second row of the vertical channel pillars disposed on the 

30 second sidewalls of the particular stack of conductive strips. 

1 

1 8. ( original) The memory device of claim 7, wherein the discrete charge trapping 

2 elements are dielectric charge trapping elements. 

1 

1 9. ( original) The memory device of claim 7, wherein the dielectric material 

2 compnses a gap. 

1 

1 10. ( original) The memory device of claim 7, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 11. ( currently amended) A manufacturing method, comprising: 

2 forming a plurality of stacks of conductive strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the conductive strips 

4 in the stacks having first sidewalls; 

5 recessing the first sidewalls of the conductive strips relative to the first sides of 

6 the insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 
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9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks; and 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material contacting the first and second channel films on the sidewalls of the 

15 adjacent stacks. 

1 

1 12. (currently amended) The manufacturing method of claim 11, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the conductive strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 13. ( original) The manufacturing method of claim 12, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 

1 14. ( original) The manufacturing method of claim 12, comprising: 

2 said depositing the blocking layers including depositing the blocking layers over 

3 the first sides of the insulating strips; and 

4 said depositing the charge trapping material including depositing the charge 

5 trapping material over the blocking layers over the first sides of the insulating strips; and 

6 separating the charge trapping material between adjacent first recessed regions. 

1 

1 15. ( original) The manufacturing method of claim 14, said separating the charge 

2 trapping material including removing the charge trapping material over the blocking 
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3 layers over the first sides of the insulating strips, while keeping the charge trapping 

4 material in the first recessed regions. 

1 

1 16. ( original) The manufacturing method of claim 11, comprising: 

2 etching to isolate the data storage structures along the conductive strips, to form 

3 discrete charge trapping elements in contact with the tunneling layers and the blocking 

4 layers between the discrete charge trapping elements and the first sidewalls of the 

5 conductive strips. 

1 

1 17. ( original) The manufacturing method of claim 11, wherein the conductive strips in 

2 the stacks of conductive strips have second sidewalls opposite the first sidewalls, the 

3 manufacturing method comprising: 

4 recessing the second sidewalls of the conductive strips relative to the second sides 

5 of the insulating strips to define second recessed regions in sides of the stacks; and 

6 forming the data storage structures in the second recessed regions. 

1 

1 18. ( original) The manufacturing method of claim 17, 

2 etching to isolate the first and second channel films and the dielectric material 

3 between the first and second channel films along the conductive strips, to form vertical 

4 channel pillars between the stacks, so that a first row of the vertical channel pillars 

5 disposed on the first sidewalls of a particular stack of conductive strips is offset in a row 

6 direction from a second row of the vertical channel pillars disposed on the second 

7 sidewalls of the particular stack of conductive strips. 

1 19. ( original) The manufacturing method of claim 11, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 20. ( currently amended) A manufacturing method, comprising: 
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2 forming a plurality of stacks of sacrificial strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the sacrificial strips in 

4 the stacks having first sidewalls; 

5 recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

6 insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 

9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks; 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material contacting the first and second channel films on the sidewalls of the 

15 adjacent stacks; and 

16 replacing the sacrificial strips in the stacks with a metal material. 

1 

1 21. ( currently amended) The manufacturing method of claim 20, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the sacrificial strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 22. (original) The manufacturing method of claim 21, wherein the charge trapping 

2 material is dielectric charge trapping material. 
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23. ( original) The manufacturing method of claim 20, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 

2 

3 

4 

5 

1 

1 

1 

24. ( original) The manufacturing method of claim 20, said replacing comprising: 

etching the stacks to form a trench, exposing the sacrificial strips in the trench; 

removing the sacrificial strips in the trench; 

depositing the metal material in the trench; and 

separating the metal material between the insulating strips in the trench. 
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Applicants express their appreciation to Examiner Christine A Enad for the courtesy of a 

telephonic interview on August 23, 2018. 

In advance of the interview, the undersigned submitted an interview agenda (via email 

Christine.enad@uspto.gov) on Monday, August 13, 2018. 

The agenda proposed to discuss a proposed amendment in claim 1 including "blocking 

layers (410, FIG. 9) ... between the tunneling layers {810) and the first sides of the insulating 

strips (226);", and to discuss a proposed alternative amendment in claim 1 including" ... a 

dielectric material {930, FIGs. 9 & 10) physically separating the first and second channel films 

(910, 920) at levels (A-A', FIG. 9) of data storage structures (510)". 

At the interview, the Examiner suggested further clarifying the proposed amendment in 

claim 1 with limitations like the blocking layers in contact with the insulation strips in a vertical 

direction. The Examiner indicated that the proposed amendment with the suggested clarification 

would have a better chance of overcoming the references of record than the proposed alternative 

amendment. 
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The present application is being examined under the first inventor to file provisions of the 

AIA. 

The Examiner reviewed claims 1-24. Claims 1-24 are rejected. 

Applicant has amended claims 1, 7, 11, 12, 20 and 21. 

Claims 1-24 remain pending. 

Each rejection is respectfully traversed below. 

Claim Amendments 

Applicant has amended claim 1 to recite "blocking layers between the discrete charge 

trapping elements and the first sidewalls of the conductive strips and between the tunneling 

layers and the first sides of the insulating strips, the blocking layers continuous across and in 

contact with the first sides of the insulating strips vertically between adjacent conductive strips 

in the stacks". 

Applicant has amended claim 7 to recite "blocking layers between the discrete charge 

trapping elements and the first sidewalls of the conductive stripsL between the discrete charge 

trapping elements and the second sidewalls of the conductive strips, between the tunneling 

layers and the first sides of the insulating strips, and between the tunneling layers and the 

second sides of the insulating strips, the blocking layers continuous across and in contact with 

the first sides of the insulating strips vertically between adjacent conductive strips in the stacks, 

the blocking layers continuous across and in contact with the second sides of the insulating 

strips vertically between adjacent conductive strips in the stacks". 

Support for the amendments in claims 1 and 7 can be found in at least Figures 2 and 9 of 

the present specification, which illustrate blocking layers 410 (FIG. 9) between the tunneling 

layers 810 (FIG. 9) and the first sides 218a (FIG. 2) of the insulating strips (e.g. 218), and 

between the tunneling layers 810 and the second sides 218b (FIG. 2) of the insulating strips (e.g. 

218). As shown in Figure 9, the blocking layers 410 are continuous across and in contact with 

the first sides of the insulating strips ( e.g. 226) vertically between adjacent conductive strips ( e.g. 

225, 227) in the stacks. No new matter is added. 
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For convenience, Figure 9 of the present specification is reproduced below, annotated 

with "blocking layers 410 continuous across and in contact with the first sides of the insulating 

strips 226 vertically between adjacent conductive strips (225, 227)". 

210~ 

410 

200 

Fig. 9 

r· bkt,r.k1ng fa1yer~ 4 ! 0 -.·onhrH10U8 

/ a<.n>sr. m;d is; ,.-,,ntan ,v,tt, t.hoc 

.... fir:li:>t :'!ides of the insulating 

:~tJ~p:S 226 V•~hc.a.U;{ b~tt;i,l'°~'.t1 

ad;acmt conclui::tive ,1nps '225. 

22i) 

Applicant has amended claim 11 to recite "forming data storage structures in the first 

recessed regions, including forming blocking layers between tunneling layers and the first sides 

of the insulating strips in the stacks, the blocking layers continuous across and in contact with 

the first sides of the insulating strips vertically between adjacent conductive strips". 

Applicant has amended claim 12 to recite 

"depositing the blocking layers over the first sidewalls of the conductive strips in the 

first recessed regions and over the first sides of the insulating strips in the stacks; 

depositing the tunneling layers over the charge trapping material in the first recessed 

regions and over the blocking layers over the first sides of the insulating strips in the stacks." 

Support for the amendments in claims 11 and 12 can be found in at least Figures 4 and 5 

of the present specification. Figure 4 describes "The blocking layers ( e.g. 410) can be deposited 
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over the first sides (e.g. 218a, Fig. 2) and/or the second sides (e.g. 218b, Fig. 2) of the insulating 

strips (e.g. 218, Fig. 2)." See paragraph [0039]. Figure 5 describes "The charge trapping material 

can be deposited over the blocking layers over the first sides (e.g. 218a) and/or the second sides 

(e.g. 218b) of the insulating strips (e.g. 218)." See paragraph [0041]. No new matter is added. 

Applicant has made amendments in claims 20 and 21 corresponding to the amendments 

made in claims 11 and 12. 

Rejection of Claims 1-4, 6, 11-17, 20-22 and 24 under 35 U.S.C. 103 

Claims 1-4, 6, 11-17, 20-22 and 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861). 

Claim 1 

Claim 1 as amended includes the limitations 

"blocking layers between the discrete charge trapping elements and the first 

sidewalls of the conductive strips and between the tunneling layers and the first sides of 

the insulating strips, the blocking layers continuous across and in contact with the first 

sides of the insulating strips vertically between adjacent conductive strips in the stacks," 

Emphasis added. 

Serov does not describe at least the quoted limitations, as explained below. 

The Office Action asserts: 

"Regarding claim 1, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, ... the data storage structures including tunneling layers Fig 9A-10, 56 ... 

blocking layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-10, 

54 and the first sidewalls of the conductive strips," 

Pages 4-5, the Office Action; emphasis added. 

However, as shown in FIG. 9B for the first exemplary device structure in Serov, the 

blocking dielectric layer 52 is NOT continuous across and in contact with the sides of the 

insulating layers 32 vertically between adjacent sacrificial material layers 42. 

In contrast, claim 1 requires "blocking layers between the discrete charge trapping 

elements and the first sidewalls of the conductive strips and between the tunneling layers and 

the first sides of the insulating strips, the blocking layers continuous across and in contact with 
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the first sides of the insulating strips vertically between adjacent conductive strips in the 

For convenience, FIG. 9B in Serov is reproduced below. 
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54 

Claim 1 should be allowable for at least the reasons explained above. 

Claim 11 

Claim 11 as amended includes the limitations 
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"forming data storage structures in the first recessed regions, including forming 

blocking layers between tunneling layers and the first sides of the insulating strips in the 

stacks, the blocking layers continuous across and in contact with the first sides of the 

insulating strips vertically between adjacent conductive strips;" 

Emphasis added. 

Claim 11 is rejected with the same arguments as for the rejection of claim 1 (Page 5, the 

Office Action), and should be allowable for at least the same reasons as explained for claim 1. 

Claim 12 

Claim 12 as amended includes the limitations 

"depositing the blocking layers over the first sidewalls of the conductive strips in 

the first recessed regions and over the first sides of the insulating strips in the stacks; 

depositing the tunneling layers over the charge trapping material in the first 

recessed regions and over the blocking layers over the first sides of the insulating strips 

in the stacks." 

Emphasis added. 

The Office Action asserts 

"Regarding claim 12, Serov discloses said forming the data storage structures 

comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls of 

the conductive strips in the first recessed regions; depositing charge trapping 

material Fig 9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first 

recessed regions; and depositing tunneling layers Fig 9A-10, 56 over the charge 

trapping material Fig 9A-10, 54 in the first recessed regions." 

Page 8, the Office Action; emphasis added. 

However, Serov does not disclose depositing the tunnel dielectric 56 over the blocking 

dielectric layer 52 over sides of insulating layers 32, as shown in FI Gs. 9A-l 0. This is because, 

at a processing step shown in FI Gs. 7 A-7C, the blocking dielectric layer 52 is removed outside of 

the lateral recess regions (paragraph [0144], Serov), before the processing step shown in FIGs. 

9A-10. 
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In contrast, claim 12 requires "depositing the tunneling layers ... over the blocking layers 

over the first sides of the insulating strips in the stacks." 

Accordingly claim 12 as amended should be distinguishable over Serov. 

Claim 20 

Claim 20 as amended includes the limitations 

"forming data storage structures in the first recessed regions, including forming 

blocking layers between tunneling layers and the first sides of the insulating strips in the 

stacks, the blocking layers continuous across and in contact with the first sides of the 

insulating strips vertically between adjacent conductive strips;" 

Emphasis added. 

Claim 20 is rejected with the same arguments as for the rejection of claim 1 (Page 5, the 

Office Action), and should be allowable for at least the same reasons as explained for claim 1. 

Claim 21 

Claim 21 as amended includes the limitations 

"depositing the blocking layers over the first sidewalls of the sacrificial strips in 

the first recessed regions and over the first sides of the insulating strips in the stacks; 

depositing charge trapping material over the blocking layers in the first recessed 

regions; and 

depositing the tunneling layers over the charge trapping material in the first 

recessed regions and over the blocking layers over the first sides of the insulating strips 

in the stacks." 

Emphasis added. 

Claim 21 is rejected with the same arguments as for the rejection of claim 12 (Page 8, the 

Office Action), and should be allowable for at least the same reasons as explained for claim 12. 

Claims 2-4 and 6 depend from claim 1, and should be allowable for at least the same 

reasons as explained for claim 1, and because of the unique combinations recited. 

Claims 12-17 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claims 21-22 and 24 depend from claim 20, and should be allowable for at least the same 

reasons as explained for claim 20, and because of the unique combinations recited. 
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Accordingly reconsideration of the rejection of claims 1-4, 6, 11-17, 20-22 and 24 as 

amended under 35 U.S.C. § 102(a) (1) is respectfully requested. 

Rejection of Claims 5, 7-10, 18-19 and 23 under 35 U.S.C. 103 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being unpatentable over 

Serov et al (US Publication No 2016/0071861) in view of Liu et al (US Publication No. 

2016/0204117). 

Claim 7 as amended includes the limitations 

"blocking layers between the discrete charge trapping elements and the first 

sidewalls of the conductive stripsL between the discrete charge trapping elements and 

the second sidewalls of the conductive strips, between the tunneling layers and the first 

sides of the insulating strips, and between the tunneling layers and the second sides of 

the insulating strips, the blocking layers continuous across and in contact with the first 

sides of the insulating strips vertically between adjacent conductive strips in the stacks, 

the blocking layers continuous across and in contact with the second sides of the 

insulating strips vertically between adjacent conductive strips in the stacks," 

Emphasis added; emphasis added. 

Claim 7 is rejected with the same arguments as for the rejection of claim 1 (Page 5, the 

Office Action), and should be allowable for at least the same reasons as explained for claim 1. 

Claim 5 depends from claim 1, and should be allowable for at least the same reasons as 

explained for claim 1, and because of the unique combinations recited. 

Claims 8-10 depend from claim 7, and should be allowable for at least the same reasons 

as explained for claim 7, and because of the unique combinations recited. 

Claims 18-19 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claim 23 depends from claim 20, and should be allowable for at least the same reasons as 

explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 5, 7-10, 18-19, 23 as amended 

under 35 U.S.C. § 103 is respectfully requested. 

{00650518.DOC} 
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Application No. 15/410,965 

CONCLUSION 

MXIC 2194-1 
(Pl050004US) 

It is respectfully submitted that this application is now in condition for allowance. 

The Commissioner is hereby authorized to charge any fee determined to be due in 

connection with this communication, or credit any overpayment, to our Deposit Account No. 50-

0869 (MXIC 2194-1). 

Dated: 24 August 2018 

MACRONIX c/o: 
HA YNES BEFFEL & WOLFELD LLP 
P.O. Box 366 
Half Moon Bay, CA 94019 
(650) 712-0340 phone 
(650) 712-0263 fax 

{00650518.DOC} 

Respectfully submitted, 

/Yiding Wu/ 

Yiding Wu, Reg. No. 65,992 
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Applicant-Initiated Interview Summary 

Application No. 

15/410,965 

Examiner 

CHRISTINE ENAD 

All participants (applicant, applicant's representative, PTO personnel): 

(1) CHRISTINE ENAD. 

(2) Yiding Wu. 

Date of Interview: 23 August 2018. 

Type: ~ Telephonic D Video Conference 
D Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: D Yes 
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(3) __ . 

(4) __ . 

D applicant's representative] 

~No. 

Issues Discussed D101 D112 D102 ~103 □Others 
(For each of the checked box( es) above, please describe below the issue and detailed description of the discussion) 

Claim(s) discussed: 1-

ldentification of prior art discussed: Serov (2016/0071861!. 

Substance of Interview 

Applicant(s) 

LUE, HANG-TING 

Art Unit 

2823 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a 
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Discussed applicants invention with regards to the prior art of record. Discussed applicants proposed amendment. 
Response to the outstanding office action will be forthcoming. 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP 
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or 
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the 
interview 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the 
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the 
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

~ Attachment 

/CHRISTINE ENAD/ 
Primary Examiner, Art Unit 2823 

U.S. Patent and Trademark Office 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in§§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
-Application Number (Series Code and Serial Number) 
- Name of applicant 
- Name of examiner 
- Date of interview 
- Type of interview (telephonic, video-conference, or personal) 
- Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 
-An indication whether or not an exhibit was shown or a demonstration conducted 
-An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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Dear Examiner Enad: 

Thank you for agreeing to have an interview about Application No. 15/410,965 (Attorney 

docket No. MXIC 2194-1) at 2:00PM EST on Tuesday, August 21, 2018, in reference to the 

Office Action mailed 5/25/2018. Applicant proposes the following agenda. 

1. Discuss an amendment in Claim 1, regarding the 35 USC 103 rejection on claim 1 in 

reference to Serov (Page 5, the Office Action). The amendment includes "blocking 

layers (410, FIG. 9) ... between the tunneling layers (810) and the first sides of the 

insulating strips (226);" Support for the amendment can be found in FIG. 9 of the 

present specification. In FIG. 9B of Serov, the blocking dielectric layer 52 is NOT 

between a tunneling dielectric 56 and insulating layers 32. 

2. Discuss an alternative amendment in Claim 1, including" ... a dielectric material (930, 

FIGs. 9 & 10) physically separating the first and second channel films (910, 920) 

at levels (A-A', FIG. 9) of data storage structures (510)". Support for the amendment 

can be found in FIGs. 9 and 10. In Serov, both FIG. 9C of Embodiment 1 and FIG. 16A 

of Embodiment 2 show that "If a dielectric core 62 is present, the semiconductor channel 

60 laterally surrounds the dielectric core 62" (last sentence, paragraph [0155], Serov), 

where the semiconductor channel 60 includes a first semiconductor channel portion 601 

and a second semiconductor channel portion 602. Therefore the dielectric core 62 in 

Serov does NOT physically separate the second semiconductor channel portion 602. 

Pursuant to MPEP § 502.03, Applicant hereby authorizes the Examiner to use e-mail 

during prosecution of this case to initiate and conduct WebEx interviews. We acknowledge that 

the W ebEx invitation or session could be intercepted by third parties due to use of the Internet, 

but are comfortable with the in-session security afforded by WebEx. 

Best regards, 
Yiding Wu 
Haynes Beffel & Wolfeld LLP 
Phone 650-712-0340 
P.O. Box 366 
Half Moon Bay, CA 94019 
ywu@hmbay.com 
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Proposed Amendment in Claim 1 

14 blocking layers between the discrete charge trapping elements and the first sidewalls of 

15 the conductive strips and between the tunneling layers and the first sides of the insulating 

16 strips, ... 

210~ 

410 

Fig. 9 

r~ tiltxking layE~fS 410 belW!2lHi1 

/ tt11} tunnding layer:; B10 aml 
the first sides of the 

insublin9 sfdps 226 

Proposed Alternative Amendment in Claim 1 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material physically separating bet\veen and contacting the first and 

9 second channel films at levels of data storage structures; ... 
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To: 
From: 
Cc: 

docket@hmbay.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 46353 

Sep 05, 2018 04:16:28 AM 

Dear PAIR Customer: 

MACRONIX 
C/O HAYNES BEFFEL & WOLFELD LLP 
P. 0. BOX366 
HALF MOON BAY, CA 94019 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 46353 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15410965 

Document 
INTV.SUM.APP 
QA.APPENDIX 

Mailroom Date 
08/31/2018 
08/31/2018 

Attorney Docket No. 
MXIC 2194-1 
MXIC 2194-1 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

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

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number I Filing Date I Substitute for Form PTO-875 
15/410,965 01/20/2017 □To be Mailed 

ENTITY: ~ LARGE D SMALL D MICRO 

APPLICATION AS FILED - PART I 
Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

LJ BASIC FEE 
(37 CFR 1.16(a), (bl, or (cl) 

N/A N/A N/A 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

LJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (o), or /nii 

TOTAL CLAIMS 
minus 20 = * X $80 = 

(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $420 = 

(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

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

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

APPLICATION AS AMENDED - PART II 

/Column 1\ /Column 2\ /Column 3 
CLAIMS HIGHEST 

08/24/2018 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
I- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR w 
::iii: Total * 24 Minus ** 24 =0 X $ 100 = 0 C 137 CFR 1.16"ill 

z Independent *4 Minus *** 4 =0 X $460 = 0 w (37 CFR 1.16(h)) 
::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

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

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 
CLAIMS HIGHEST 

REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 
I- AMENDMENT PAID FOR z 
w Total * Minus ** = X $0 = ::iii: (37 CFR 1.16(i)) 

C Independent * Minus *** X $0 z /37 CFR 1.16/hll = = 
w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( 

lJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(i)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. SLIE 

** If the "Hiqhest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". brenda L gray 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. 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 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Applicant(s) Application No. 
15/410,965 LUE, HANG-TING 

Office Action Summary Examiner 
CHRISTINE ENAD 

Art Unit 
2823 

AIA (First Inventor to File) 
Status 
Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )~ Responsive to communication(s) filed on 8/24/2018. 

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

2a)~ This action is FINAL. 2b)O This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-24 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)~ Claim(s) 1-24 is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)0 Claim(s) __ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 
11 )0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 

a)O All b)O Some** c)O None of the: 

1.0 
2.0 
3.0 

Certified copies of the priority documents have been received. 
Certified copies of the priority documents have been received in Application No. __ . 
Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) 0 Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s)/Mail Date. __ . 

4) 0 Other: __ . 

Part of Paper No./Mail Date 20180918 
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Application/Control Number: 15/410,965 

Art Unit: 2823 

DETAILED ACTION 

Page 2 

The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 
been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

Claims 1-4, 6, 11-17, 20-22, 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861) in view of Alsmeier et 

al (US Publication No. 2012/0001249). 
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Page 4 

Regarding claim 1, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 
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Application/Control Number: 15/410,965 

Art Unit: 2823 

Page 5 

sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 601/602/62 disposed 

between the stacks, the vertical channel pillars having first Fig 9A-10, 601 and second 

channel films Fig 9A-10, 602 disposed on adjacent stacks in the plurality of stacks and 

a dielectric material Fig 9A-10, 62 (Paragraph 0150) between and contacting the 

second channel film; and data storage structures at cross points of the vertical channel 

pillars between the stacks and the conductive strips Fig 9A-10, (42/46) in the stacks, 

the data storage structures including tunneling layers Fig 9A-10, 56 in contact with the 

first and second channel films in the vertical channel pillars, discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56, and blocking 

layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-10, 54 and 

the first sidewalls of the conductive strips, the discrete charge trapping elements Fig 

9A-10, 54 disposed in the first recessed regions on the first sidewalls of the conductive 

strips Fig 9A-10. Embodiment 1 (Fig 98) of Serov discloses all the limitations except 

for the arrangement of the channel layers. Whereas Embodiment 2 (Fig 168) of Serov 

discloses an alternative channel arrangement wherein vertical channel pillars Fig 168, 

602 disposed between the stacks, the vertical channel pillars having first Fig 168, 602 

(left side of layer 62) and second channel films Fig 168, 602 (right side of layer 62) 

disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 168, 

62 between and contacting the first Fig 168, 602 (left side of layer 62) and second 

channel film Fig 168, 602 (right side of layer 62) ; the data storage structures 

including tunneling layers Fig 168, 56 in contact with the first and second channel films 

in the vertical channel pillars, discrete charge trapping elements Fig 168, 54 in contact 
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with the tunneling layers Fig 168, 56. Therefore it would have been obvious to one 

having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 

as an alternative channel arrangement. Serov discloses all the limitations except for the 

arrangement of the blocking layer relative to the insulating strips. 
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Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 49~ 2 between the stacks and the conductive strips in the 
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stacks, the data storage structures including tunneling layers Fig 49, 11 in contact with 

the cf1annel film in the vertical channel pillars, discrete charge trapping elements Fig 49i 

9 in contact with the tunneling layers Fig 491 11 and blocking layers Fig 49i 7 between 

the discrete charge trapping elements Fig 49 1 9 and the first sidewalls of the conductive 

strips Fig 49, 151 and between the tunneling layers Fig 49, 11 and the first sides of the 

insulating strips Fig 49~ 153 the blocking layers Fig 491 7 continuous across and in 

contact with the first sides of the insulating strips vertically between adjacent conductive 

strips in the stacks Fig 43°51. Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the layer arrangement of Serov and incorporate the arrangement of Alsmeier as an 

alternative arrangement to improve device performance. 

Regarding claim 2, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the first recessed regions are dielectric charge 

trapping elements (Paragraph 0143). 

Regarding claim 3, Serov discloses the conductive strips in the stacks have 

second sidewalls opposite the first sidewalls recessed relative to the second sides of 

the insulating strips which define second recessed regions on the second sidewalls of 

the conductive strips; and the data storage structures include discrete charge trapping 

elements disposed in the second recessed regions in contact with the tunneling layers, 

and blocking layers between the discrete charge trapping elements in the second 

recessed regions and the second sidewalls of the conductive strips Fig 9A-10. 
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elements Fig 9A-10, 54 disposed in the second recessed regions are dielectric charge 

trapping elements (Paragraph 0043). 

Regarding claim 6, Serov discloses the conductive strips in the plurality of stacks 

of conductive strips include a metal material (Paragraph 0133). 

Regarding claim 11, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of conductive strips Fig 9A-10, 

(42/46) alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 

32in the stacks having first and second sides Fig 9A-10, and the conductive strips Fig 

9A-10, (42/46) in the stacks having first sidewalls; recessing the first sidewalls of the 

conductive strips relative to the first sides of the insulating strips to define first recessed 

regions in sides of the stacks Fig SA-SC; forming data storage structures in the first 

recessed regions Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on 

the data storage structures on sidewalls of adjacent stacks; and depositing a dielectric 

material Fig 9A-10, 62 between the first and second channel films, the dielectric 

material contacting the second channel films on the sidewalls of the adjacent stacks Fig 

9A-10. Embodiment 1 (Fig 98) of Serov discloses all the limitations except for the 

arrangement of the channel layers. Whereas Embodiment 2 (Fig 168) of Serov 

discloses an alternative channel arrangement wherein vertical channel pillars Fig 168, 

602 disposed between the stacks, the vertical channel pillars having first Fig 168, 602 

(left side of layer 62) and second channel films Fig 168, 602 (right side of layer 62) 

disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 168, 
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62 between and contacting the first Fig 168, 602 (left side of layer 62) and second 

channel film Fig 168, 602 (right side of layer 62) ; the data storage structures 

including tunneling layers Fig 168, 56 in contact with the first and second channel films 

in the vertical channel pillars, discrete charge trapping elements Fig 168, 54 in contact 

with the tunneling layers Fig 168, 56. Therefore it would have been obvious to one 

having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 

as an alternative channel arrangement. Serov discloses all the limitations except for the 

arrangement of the blocking layer relative to the insulating strips. 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 491 2 between the stacks and t!1e conductive strips in the 

stacks, the data storage structures including tunneling layers Fig 49i 11 in contact with 

the channel film in the vertical channel pillars, discrete charge trapping elements Fig 49i 

9 in contact with the tunneling layers Fig 491 11 and blocking layers Fig 49i 7 between 

the discrete charge trapping elements Fig 49i 9 and the first sidewalls of the conductive 

strips Fig 49i 151 and between the tunneling layers Fig 491 11 and the first sides of the 

insulating strips Fig 49~ 153 the blocking layers Fig 491 7 continuous across and in 

contact wiH1 Hie first sides of the insulating strips vertically between adjacent conductive 

strips in the stacks Fig 43~51. Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the layer arrangement of Serov and incorporate the arrangement of Alsmeier as an 

alternative arrangement to improve device performance. 
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Regarding claim 12, Serov and Alsmeier disclose said forming the data storage 

structures comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls 

of the conductive strips in the first recessed regions; depositing charge trapping material 

Fig 9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions (Serov- Fig 9A-10; Alsmeier-Fig 43-51). 

Regarding claim 13, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 

Regarding claim 14, Serov discloses comprising: said depositing the blocking 

layers Fig 9A-10, 52 including depositing the blocking layers Fig 9A-10, 52 over the first 

sides of the insulating strips Fig 68; and said depositing the charge trapping material 

Fig 9A-10, 54 including depositing the charge trapping material Fig 9A-10, 52 over the 

blocking layers Fig 68 over the first sides of the insulating strips Fig 68; and separating 

the charge trapping material between adjacent first recessed regions Fig 6A-6C. 

Regarding claim 15, Serov discloses said separating the charge trapping material 

Fig 9A-10, 54 including removing the charge trapping material over the blocking layers 

over the first sides of the insulating strips, while keeping the charge trapping material in 

the first recessed regions Fig 6A-8C. 

Regarding claim 16, Serov discloses comprising: etching to isolate the data 

storage structures along the conductive strips, to form discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56 and the 
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blocking layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-

10, 54 and the first sidewalls of the conductive strips. 

Regarding claim 17, Serov discloses wherein the conductive strips in the stacks 

of conductive strips have second sidewalls opposite the first sidewalls Fig 9A-10, the 

manufacturing method comprising: recessing the second sidewalls of the conductive 

strips relative to the second sides of the insulating strips to define second recessed 

regions in sides of the stacks; and forming the data storage structures in the second 

recessed regions Fig SA-10. 

Regarding claim 20, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of sacrificial strips Fig 9A-10, 42 

alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 32in the 

stacks having first and second sides Fig 9A-10, and the sacrificial strips Fig 9A-10, 42 

in the stacks having first sidewalls; recessing the first sidewalls of the sacrificial strips 

relative to the first sides of the insulating strips to define first recessed regions in sides 

of the stacks Fig SA-SC; forming data storage structures in the first recessed regions 

Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on the data storage 

structures on sidewalls of adjacent stacks; and depositing a dielectric material Fig 9A-

10, 62 between the first and second channel films, the dielectric material contacting the 

second channel films on the sidewalls of the adjacent stacks Fig 9A-10, and replacing 

the sacrificial strips in the stacks with a metal material Fig 10, 46. Embodiment 1 (Fig 

98) of Serov discloses all the limitations except for the arrangement of the channel 

layers. Whereas Embodiment 2 (Fig 168) of Serov discloses an alternative channel 
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arrangement wherein vertical channel pillars Fig 168, 602 disposed between the 

stacks, the vertical channel pillars having first Fig 168, 602 (left side of layer 62) and 

second channel films Fig 168, 602 (right side of layer 62) disposed on adjacent 

stacks in the plurality of stacks and a dielectric material Fig 168, 62 between and 

contacting the first Fig 168, 602 (left side of layer 62) and second channel film Fig 

168, 602 (right side of layer 62) ; the data storage structures including tunneling layers 

Fig 168, 56 in contact with the first and second channel films in the vertical channel 

pillars, discrete charge trapping elements Fig 168, 54 in contact with the tunneling 

layers Fig 168, 56. Therefore it would have been obvious to one having ordinary skill of 

the art before the effective filing date of the claimed invention to modify the Embodiment 

1 of Serov and incorporate the arrangement of Embodiment 2 as an alternative channel 

arrangement. Serov discloses all the limitations except for the arrangement of the 

blocking layer relative to the insulating strips. 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical c!1annel pillars Fig 49~ 2 between the stacks and the conductive strips in the 

stacks, the data storage structures including tunneling layers Fig 49~ 11 in contact with 

the channel film in the vertical channel pillars, discrete charge trapping elements Fig 49, 

9 in contact with the tunneling layers Fig 491 11 and blocking layers Fig 49, 7 between 

the discrete charge trapping elements Fig 49, 9 and the first sidewalls of the conductive 

strips Fig 49~ 151 and between tile tunneling layers Fig 49~ 11 and the first sides of the 

insulating strips Fig 49, 153 the blocking layers Fig 49, 7 continuous across and in 

contact with the first sides of Hie insulating strips vertically between adjacent conductive 
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strips in the stacks Fig 43M51, Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the layer arrangement of Serov and incorporate the arrangement of Alsmeier as an 

alternative arrangement to improve device performance. 

Regarding claim 21, Serov and Alsmeier discloses said forming the data storage 

structures comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls 

of the conductive strips in the first recessed regions; depositing charge trapping material 

Fig 9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions (Serov- Fig 9A-10; Alsmeier-Fig 43-51). 

Regarding claim 22, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 

Regarding claim 24, Serov discloses said replacing comprising: etching the 

stacks to form a trench, exposing the sacrificial strips in the trench; removing the 

sacrificial strips in the trench; depositing the metal material in the trench; and separating 

the metal material between the insulating strips in the trench (Paragraph 0152-0154). 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861) in view of Liu et al 

(US Publication No. 2016/0204117) and Alsmeier et al (US Publication No. 

2012/0001249). 

Regarding claims, 5, 19, and 23, Serov discloses all the limitations except for the 

gap in the channel region. Whereas Liu discloses leaving a gap between the first and 
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second vertical channel films Fig 2A-4B (Paragraph 0075-0076). Therefore it would 

have been obvious to one having ordinary skill of the art before the effective filing date 

of the claimed invention to modify the device of Serov and incorporate a gap to provide 

a connector between device levels. 

Regarding claim 7, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 

sides of the stacks Fig 9A-10; and having second sidewall opposite the first sidewalls 

recessed relative to the second sides of the insulating strips which define second 

recessed regions in sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 

601/602/62 disposed between the stacks, the vertical channel pillars having first Fig 9A-

10, 601 and second channel films Fig 9A-10, 602 disposed on adjacent stacks in the 

plurality of stacks and a dielectric material Fig 9A-10, 62 (Paragraph 0150) between 

and contacting the second channel films; and data storage structures at cross points of 

the vertical channel pillars between the stacks and the conductive strips Fig 9A-10, 

(42/46) in the stacks, the data storage structures including tunneling layers Fig 9A-10, 

56 in contact with the first and second channel films in the vertical channel pillars, 

discrete charge trapping elements Fig 9A-10, 54 in contact with the tunneling layers Fig 

9A-10, 56, and blocking layers Fig 9A-10, 52 between the discrete charge trapping 

elements Fig 9A-10, 54 and the first sidewalls of the conductive strips and between the 
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discrete charge trapping elements and the second sidewalls of the conductive strips Fig 

9A-10, the discrete charge trapping elements Fig 9A-10, 54 disposed in the first 

recessed regions on the first sidewalls of the conductive strips and disposed in the 

second recessed regions on the second sidewalls of the conductive strips Fig 9A-10. 

Serov discloses all the limitations except for the offset in the channel region. 

Whereas Liu discloses the vertical channel pillars are arranged so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 

conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-48 (Paragraph 0075-0076). Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the device of Serov and incorporate an offset to provide a connector between device 

levels. Embodiment 1 (Fig 98) of Serov discloses all the limitations except for the 

arrangement of the channel layers. 

Whereas Embodiment 2 (Fig 168) of Serov discloses an alternative channel 

arrangement wherein vertical channel pillars Fig 168, 602 disposed between the 

stacks, the vertical channel pillars having first Fig 168, 602 (left side of layer 62) and 

second channel films Fig 168, 602 (right side of layer 62) disposed on adjacent 

stacks in the plurality of stacks and a dielectric material Fig 168, 62 between and 

contacting the first Fig 168, 602 (left side of layer 62) and second channel film Fig 

168, 602 (right side of layer 62) ; the data storage structures including tunneling layers 

Fig 168, 56 in contact with the first and second channel films in the vertical channel 
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pillars, discrete charge trapping elements Fig 168, 54 in contact with the tunneling 

layers Fig 168, 56. Therefore it would have been obvious to one having ordinary skill of 

the art before the effective filing date of the claimed invention to modify the Embodiment 

1 of Serov and incorporate the arrangement of Embodiment 2 as an alternative channel 

arrangement. Serov and Liu discloses all the limitations except for the arrangement of 

the blocking layer relative to the insulating strips. 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 49~ 2 between the stacks and the conductive strips in the 

stacks, the data storage structures including tunneling layers Fig 49, 11 in contact with 

the cf1annel film in the vertical channel pillars, discrete charge trapping elements Fig 49~ 

9 in contact with the tunneling layers Fig 491 11 and blocking layers Fig 49i 7 between 

the discrete charge trapping elements Fig 491 9 and the first sidewalls of the conductive 

strips Fig 49, 151 1 between the discrete charge trapping elements and the second 

sidewalls of the conductive strips Fig 49, between the tunneling layers Fig 491 1 i and 

the first sides of the insulating strips Fig 491 153 and between the tunneling layers and 

the second sides of the insulating strips Fig 491 the blocking layers Fig 491 7 continuous 

across and in contact with the first sides of the insulating strips vertically between 

adjacent conductive strips in the stacks Fig 43w51 i the blocking layers continuous 

across and in contact with the second sides of the insulating strips vertically between 

adjacent conductive strips in the stacks Fig 430051, Therefore it would have been 

obvious to one having ordinary skill of the art before the effective filing date of the 
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claimed invention to modify the layer arrangement of Serov and incorporate the 

arrangement of Alsmeier as an alternative arrangement to improve device performance. 

Regarding claim 8, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 are dielectric charge trapping elements (Paragraph 0143). 

Regarding claim 9, Serov discloses wherein the dielectric material comprises a 

gap Fig 2A-4B (Paragraph 0075-0076). 

Regarding claim 10, Serov discloses the conductive strips in the plurality of 

stacks of conductive strips include a metal material (Paragraph 0133). 

Regarding claim 18, Liu discloses etching to isolate the first and second channel 

films and the dielectric material between the first and second channel films along the 

conductive strips, to form vertical channel pillars between the stacks, so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 

conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-4B (Paragraph 0075-0076). 

Response to Arguments 

Applicant's arguments with respect to claims 1-24 have been considered but are 

moot because the arguments do not apply to any of the references being used in the 

current rejection. 

Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
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§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHRISTINE ENAD whose telephone number is 

(571 )270-7891. The examiner can normally be reached on Monday - Thursday, 7:30 

am - 6:00 pm, EST. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Brett Feeney can be reached on (571) 270 5484. The fax phone number for 

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

/CHRISTINE ENAD/ 
Primary Examiner, Art Unit 2823 
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To: 
From: 
Cc: 

docket@hmbay.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 46353 

Sep 27, 2018 04:14:05 AM 

Dear PAIR Customer: 

MACRONIX 
C/O HAYNES BEFFEL & WOLFELD LLP 
P. 0. BOX366 
HALF MOON BAY, CA 94019 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 46353 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15410965 

Document 
CTFR 
892 

Mailroom Date 
09/27/2018 
09/27/2018 

Attorney Docket No. 
MXIC 2194-1 
MXIC 2194-1 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Doc Code: A.NE.AFCP 
Document Description: After Final Consideration Pilot Program Request 

CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE 
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0 

PTO/SB/434 (05-13) 

Practitioner Docket No.: Application No.: Filing Date: 

MXIC 2194-1 15/410,965 20 January 2017 
First Named Inventor: Title: 

Hang-Ting Lue DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO ARCHITECTURE 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT 
PROGRAM 2.0 {AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116. 

1. The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under 
35 U.S.C. 111{a) [a continuing application (e.g., a continuation or divisional application) is filed under 35 U.S.C. 111{a) and is 
eligible under (i)], or (ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371{c). 

2. The above-identified application contains an outstanding final rejection. 

3. Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an 
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in 
any aspect. 

4. This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in 
response to the outstanding final rejection. 

5. 

6. 

7. 

8. 

• 
• 

Signature 

Applicant is willing and available to participate in any interview requested by the examiner concerning the present response. 

This certification and request is being filed electronically using the Office's electronic filing system {EFS-Web). 

Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR 
1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request 
consideration under AFCP 2.0.] 

By filing this certification and request, applicant acknowledges the following: 

Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0 . 
The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met 
(see items 1 to 7 above). For compliant submissions: 

o The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration 
(i) is necessitated by the amendment and (ii) could be completed within the time allotted under AFCP 2.0. If 
additional search and/or consideration is required but cannot be completed within the allotted time, the examiner 
will process the submission consistent with current practice concerning responses after final rejection under 
37 CFR 1.116, e.g., by mailing an advisory action. 

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if 
the examiner determines that additional search and/or consideration is required and could be completed within 
the allotted time, then the examiner will consider whether the amendment places the application in condition for 
allowance (after completing the additional search and/or consideration, if required). If the examiner determines 
that the amendment does not place the application in condition for allowance, then the examiner will contact the 
applicant and request an interview. 

• The interview will be conducted by the examiner, and if the examiner does not have negotiation 
authority, a primary examiner and/or supervisory patent examiner will also participate. 

■ If the applicant declines the interview, or if the interview cannot be scheduled within ten {10) calendar 
days from the date that the examiner first contacts the applicant, then the examiner will proceed 
consistent with current practice concerning responses after final rejection under 37 CFR 1.116. 

Date 

/Viding Wu/ 13 November 2018 
Name 

(Print/Typed) Y'd' W 
I 1ng LI 

Practitioner 
Registration No. 

65992 
Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. Submit multiple 
forms if more than one signature is required, see below*. 

n *Total of forms are submitted. 
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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 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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Electronic Acknowledgement Receipt 

EFSID: 34301252 

Application Number: 15410965 

International Application Number: 

Confirmation Number: 3219 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND ARCHITECTURE 

First Named Inventor/Applicant Name: HANG-TING LUE 

Customer Number: 46353 

Filer: Viding Wu/Amy Jonsson 

Filer Authorized By: Viding Wu 

Attorney Docket Number: MXIC 2194-1 

Receipt Date: 13-NOV-2018 

Filing Date: 20-JAN-2017 

Time Stamp: 20:02:39 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

226597 

1 
After Final Consideration Program 

00671358.PDF no 2 
Request 

f39cbbf72067771 e56f8669039bbeafb218b 
92c1 

Warnings: 
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Information: 

221663 

2 Response After Final Action 00671365.PDF no 15 
57573d4b 179ba23a902ffea0fdd76Sedede 

8eb27 

Warnings: 

Information: 

Total Files Size (in bytes) 448260 

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

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Application No. 151410,965 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
I hereby certify that this correspondence is being electronically 
transmitted to United States Patent and Trademark Office on 13 November 2018. 
I Amy Jonsson/ 
Amy Jonsson 

MXIC 2194-1 
(Pl050004US) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of inventor(s): 
Hang-Ting Lue 

Application No. 151410,965 

Confirmation No. 3219 

Filing Date: 20 January 2017 

Title: DISCRETE CHARGE TRAPPING 
ELEMENTS FOR 3D NAND 
ARCHITECTURE 

MAIL STOP AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Group Art Unit: 2823 

Examiner: Christine A Enad 

CUSTOMER NO. 46353 

AMENDMENT AND RESPONSE AFTER FINAL 

Sir: 

In response to the Final Office Action dated 27 September 2018, Applicant requests 

consideration of the following amendments in the above-referenced application. An AFCP Form 

accompanies this Amendment: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 10 of this paper. 

Ill 

{00667873.DOC } 
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Application No. 15/410,965 

In the claims: 

MXIC 2194-1 
(Pl050004US) 

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

application: 

1 1. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks; 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material physically separating betweeH aHd eoHtaetiHg the first and 

9 second channel films at levels of data storage structures; and 

10 the data storage structures at cross points of the vertical channel pillars between 

11 the stacks and the conductive strips in the stacks, the data storage structures including 

12 tunneling layers in contact with the first and second channel films in the vertical channel 

13 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

14 blocking layers between the discrete charge trapping elements and the first sidewalls of 

15 the conductive strips and between the tunneling layers and the first sides of the insulating 

16 strips, the blocking layers continuous across and in contact with the first sides of the 

17 insulating strips vertically between adjacent conductive strips in the stacks, the discrete 

18 charge trapping elements disposed in the first recessed regions on the first sidewalls of 

19 the conductive strips. 

1 

1 2. ( original) The memory device of claim 1, wherein the discrete charge trapping 

2 elements disposed in the first recessed regions are dielectric charge trapping elements. 

1 

1 3. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 stacks have second sidewalls opposite the first sidewalls recessed relative to the second 

3 sides of the insulating strips which define second recessed regions on the second 

4 sidewalls of the conductive strips; and 

{00667873.DOC } 

Page 2 of 15 
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Application No. 15/410,965 MXIC 2194-1 
(Pl050004US) 

5 the data storage structures include discrete charge trapping elements disposed in 

6 the second recessed regions in contact with the tunneling layers, and blocking layers 

7 between the discrete charge trapping elements in the second recessed regions and the 

8 second sidewalls of the conductive strips. 

1 

1 4. ( original) The memory device of claim 3, wherein the discrete charge trapping 

2 elements disposed in the second recessed regions are dielectric charge trapping elements. 

1 

1 5. ( original) The memory device of claim 1, wherein the dielectric material 

2 compnses a gap. 

1 

1 6. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 7. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks and having second sidewalls 

6 opposite the first sidewalls recessed relative to the second sides of the insulating strips 

7 which define second recessed regions in sides of the stacks; 

8 vertical channel pillars disposed between the stacks, the vertical channel pillars 

9 having first and second channel films disposed on adjacent stacks in the plurality of 

10 stacks and a dielectric material physically separating betweeH aHd eoHtaetiHg the first and 

11 second channel films at levels of data storage structures; and 

12 the data storage structures at cross points of the vertical channel pillars between 

13 the stacks and the conductive strips in the stacks, the data storage structures including 

14 tunneling layers in contact with the first and second channel films in the vertical channel 

15 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

16 blocking layers between the discrete charge trapping elements and the first sidewalls of 

17 the conductive strips, between the discrete charge trapping elements and the second 
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18 sidewalls of the conductive strips, between the tunneling layers and the first sides of the 

19 insulating strips, and between the tunneling layers and the second sides of the insulating 

20 strips, the blocking layers continuous across and in contact with the first sides of the 

21 insulating strips vertically between adjacent conductive strips in the stacks, the blocking 

22 layers continuous across and in contact with the second sides of the insulating strips 

23 vertically between adjacent conductive strips in the stacks, the discrete charge trapping 

24 elements disposed in the first recessed regions on the first sidewalls of the conductive 

25 strips and disposed in the second recessed regions on the second sidewalls of the 

26 conductive strips, 

27 wherein the vertical channel pillars are arranged so that a first row of the vertical 

28 channel pillars disposed on the first sidewalls of a particular stack of conductive strips is 

29 offset in a row direction from a second row of the vertical channel pillars disposed on the 

30 second sidewalls of the particular stack of conductive strips. 

1 

1 8. ( original) The memory device of claim 7, wherein the discrete charge trapping 

2 elements are dielectric charge trapping elements. 

1 

1 9. ( original) The memory device of claim 7, wherein the dielectric material 

2 compnses a gap. 

1 

1 10. ( original) The memory device of claim 7, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 11. ( currently amended) A manufacturing method, comprising: 

2 forming a plurality of stacks of conductive strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the conductive strips 

4 in the stacks having first sidewalls; 

5 recessing the first sidewalls of the conductive strips relative to the first sides of 

6 the insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 
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9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks; and 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material physically separating contacting the first and second channel films on 

15 the sidewalls of the adjacent stacks at levels of the data storage structures. 

1 

1 12. (previously presented) The manufacturing method of claim 11, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the conductive strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 13. ( original) The manufacturing method of claim 12, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 

1 14. ( original) The manufacturing method of claim 12, comprising: 

2 said depositing the blocking layers including depositing the blocking layers over 

3 the first sides of the insulating strips; and 

4 said depositing the charge trapping material including depositing the charge 

5 trapping material over the blocking layers over the first sides of the insulating strips; and 

6 separating the charge trapping material between adjacent first recessed regions. 

1 

1 15. ( original) The manufacturing method of claim 14, said separating the charge 

2 trapping material including removing the charge trapping material over the blocking 
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3 layers over the first sides of the insulating strips, while keeping the charge trapping 

4 material in the first recessed regions. 

1 

1 16. ( original) The manufacturing method of claim 11, comprising: 

2 etching to isolate the data storage structures along the conductive strips, to form 

3 discrete charge trapping elements in contact with the tunneling layers and the blocking 

4 layers between the discrete charge trapping elements and the first sidewalls of the 

5 conductive strips. 

1 

1 17. ( original) The manufacturing method of claim 11, wherein the conductive strips in 

2 the stacks of conductive strips have second sidewalls opposite the first sidewalls, the 

3 manufacturing method comprising: 

4 recessing the second sidewalls of the conductive strips relative to the second sides 

5 of the insulating strips to define second recessed regions in sides of the stacks; and 

6 forming the data storage structures in the second recessed regions. 

1 

1 18. ( original) The manufacturing method of claim 17, 

2 etching to isolate the first and second channel films and the dielectric material 

3 between the first and second channel films along the conductive strips, to form vertical 

4 channel pillars between the stacks, so that a first row of the vertical channel pillars 

5 disposed on the first sidewalls of a particular stack of conductive strips is offset in a row 

6 direction from a second row of the vertical channel pillars disposed on the second 

7 sidewalls of the particular stack of conductive strips. 

1 19. ( original) The manufacturing method of claim 11, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 20. ( currently amended) A manufacturing method, comprising: 
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2 forming a plurality of stacks of sacrificial strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the sacrificial strips in 

4 the stacks having first sidewalls; 

5 recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

6 insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 

9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks; 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material physically separating contacting the first and second channel films on 

15 the sidewalls of the adjacent stacks at levels of the data storage structures; and 

16 replacing the sacrificial strips in the stacks with a metal material. 

1 

1 21. (previously presented) The manufacturing method of claim 20, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the sacrificial strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 22. (original) The manufacturing method of claim 21, wherein the charge trapping 

2 material is dielectric charge trapping material. 
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23. ( original) The manufacturing method of claim 20, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 

2 

3 

4 

5 

1 

1 

1 

24. ( original) The manufacturing method of claim 20, said replacing comprising: 

etching the stacks to form a trench, exposing the sacrificial strips in the trench; 

removing the sacrificial strips in the trench; 

depositing the metal material in the trench; and 

separating the metal material between the insulating strips in the trench. 
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REMARKS 

MXIC 2194-1 
(Pl050004US) 

The present application is being examined under the first inventor to file provisions of the 

AIA. 

In the Office Action dated 27 September 2018, the Examiner reviewed claims 1-24. 

Claims 1-24 are rejected. 

Applicant has amended claims 1, 7, 11 and 20. 

Claims 1-24 remain pending. 

Each rejection is respectfully traversed below. 

Why This Response After Final Should Be Entered 

Entry of the amendment is requested for consideration under the After Final 

Consideration Pilot AFCP. 

37 C.F.R. l.116(b)(3). This Response should be entered because it could not have been 

submitted earlier. Specifically, the present Office Action of 09/27/2018 relied on a newly cited 

Alsmeier (US Publication No. 2012/0001249) for rejections under 35 U.S.C. §103. Applicant 

therefore could not have remedied the Examiner's concern based on the newly cited reference 

prior to the present Response because Applicant did not know it until now. 

3 7 C.F .R. l. l l 6(b )(2). Should the above is not considered sufficient reason for entering 

the present Response, Applicant respectfully requests that it be entered because it presents the 

rejected claims in better form for consideration on appeal. 

Claim Amendments 

Applicant has amended claim 1 to recite "a dielectric material physically separating the 

first and second channel films at levels of data storage structures". 

Support for the amendment can be found in Figures 9 and 10 of the present specification, 

which illustrate a dielectric material 930 physically separating the first and second channel films 

910 and 920 at levels of data storage structures 510, for example, at a level indicated by the line 

A-A' in Figure 9. 

Applicant has made corresponding amendments in claims 7, 11 and 20. No new matter is 

added. 
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Rejection of Claims 1-4, 6, 11-17, 20-22 and 24 under 35 U.S.C. 103 

MXIC 2194-1 
(Pl050004US) 

Claims 1-4, 6, 11-17, 20-22 and 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No. 2016/0071861), in view of Alsmeier et al., 

(US Publication No. 2012/0001249). 

Claim 1 

Claim 1 as amended includes the limitations 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures;" 

Emphasis added. 

Serov does not describe at least the quoted limitations, as explained below. 

The Office Action asserts: 

"Regarding claim 1, Serov discloses a memory device, comprising: ... 

vertical channel pillars Fig 9A-10, 601/602/62 disposed between the stacks, the 

vertical channel pillars having first Fig 9A-10, 601 and second channel films Fig 9A-10, 

602 disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 

9A-10, 62 (Paragraph 0150) between and contacting the second channel film; ... 

Embodiment 1 (Fig 9B) of Serov discloses all the limitations except for the 

arrangement of the channel layers. Whereas Embodiment 2 (Fig 16B) of Serov discloses 

an alternative channel arrangement wherein vertical channel pillars Fig 16B, 602 

disposed between the stacks, the vertical channel pillars having first Fig 16B, 602 (left 

side of layer 62) and second channel films Fig 16B, 602 (right side of layer 62) disposed 

on adjacent stacks in the plurality of stacks and a dielectric material Fig 16B, 62 between 

and contacting the first Fig 16B, 602 (left side of layer 62) and second channel film Fig 

16B, 602 (right side of layer 62):" 

Pages 4-5, the Office Action; emphasis added. 

For convenience, FIGs. 9B, 9C, 16A and 16B of Serov are reproduced below. 
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FIG. 9C 

FIG. 16A 

FIG. 9B is a vertical cross-sectional view of the first exemplary device structure for 

Embodiment 1 (paragraphs [0030, 0031], Serov). FIG. 9C is a horizontal cross-sectional view 

taken along the horizontal plane C-C' of FIG. 9B (paragraph [0032], Serov). 
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FIG. 16A is a top-down view of the second exemplary device structure for Embodiment 

2 (paragraphs [0043], Serov). FIG. 16B is a vertical cross-sectional view of the second 

exemplary device structure for Embodiment 2 taken along the vertical plane B-B' of FIG. 16A 

(paragraph [0044], Serov). 

Regarding "the arrangement of the channel layers", both Embodiment 1 (FI Gs. 9B, 9C) 

and Embodiment 2 (FIGs. 16A, 16B) show that "Each adjoining pair of a first semiconductor 

channel portion 601 and a second semiconductor channel portion 602 collectively constitutes a 

semiconductor channel 60 ... " (paragraph [0150], Serov). 

Both FIGs. 9C and 16A show that "If a dielectric core 62 is present, the semiconductor 

channel 60 laterally surrounds the dielectric core 62" (paragraph [0155], Serov), where the 

semiconductor channel 60 includes a first semiconductor channel portion 601 and a second 

semiconductor channel portion 602. 

One difference between the two embodiments is that in Embodiment 1 (FIG. 9B) the 

second semiconductor channel portion 602 is formed on a top surface of a substrate 10, while in 

Embodiment 2 (FIG. 16B) the second semiconductor channel portion 602 is not formed on a top 

surface of a substrate 10. The top surface of the substrate is located at the bottom of a memory 

opening 49 (FIG. 4B), in which the semiconductor channel 60 is formed (FIG. 9B). However, 

this difference does not change the arrangement common to both embodiments that "the 

semiconductor channel 60 laterally surrounds the dielectric core 62" (paragraph [0155], Serov). 

Consequently, in FIG. 16B, a second semiconductor channel portion 602 shown at "left 

side of layer 62" and at "right side of layer 62" is the same semiconductor channel portion that 

laterally surrounds the dielectric core 62. Similarly, in FIG. 9B, a second semiconductor channel 

portion 602 shown at "left side of layer 62" and at "right side of layer 62" is the same 

semiconductor channel portion that laterally surrounds the dielectric core 62. 

Therefore Serov describes a dielectric core 62 laterally surrounded by a second 

semiconductor channel portion 602, and the dielectric core 62 does NOT physically separate the 

second semiconductor channel portion 602. In contrast, claim 1 requires 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures". 
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Since Embodiment 1 and Embodiment 2 both describe the dielectric core 62 laterally 

surrounded by a second semiconductor channel portion 602, it would not have been obvious to 

one having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 as an 

alternative channel arrangement, in order to reproduce the claimed invention. 

Claim 1 should be allowable for at least the reasons explained above. 

Claim 11 

Claim 11 includes the limitations 

"forming first and second channel films on the data storage structures on 

sidewalls of adjacent stacks; and 

depositing a dielectric material between the first and second channel films, the 

dielectric material physically separating the first and second channel films on the 

sidewalls of the adjacent stacks at levels of the data storage structures." 

Emphasis added. 

Claim 11 is rejected with the same arguments as for the rejection of claim 1 (Pages 4-5, 

the Office Action), citing Embodiment 1 (FIG. 9B) and Embodiment 2 (FIG 16B) of Serov 

(Page 9, the Office Action). 

Claim 11 should be allowable for at least the same reasons as explained for claim 1. 

Claim 20 

Claim 20 includes the limitations 

"forming first and second channel films on the data storage structures on 

sidewalls of adjacent stacks; 

depositing a dielectric material between the first and second channel films, the 

dielectric material physically separating the first and second channel films on the 

sidewalls of the adjacent stacks at levels of the data storage structures;" 

Emphasis added. 

Claim 20 is rejected with the same arguments as for the rejection of claim 1 (Pages 4-5, 

the Office Action), citing Embodiment 1 (FIG. 9B) and Embodiment 2 (FIG 16B) of Serov 

(Pages 12-13, the Office Action). 

Claim 20 should be allowable for at least the same reasons as explained for claim 1. 

{00667873.DOC } 

Page 13 of 15 

Micron Ex. 1022, p. 224 
Micron v. YMTC 
IPR2024-00793 



Application No. 15/410,965 MXIC 2194-1 
(Pl050004US) 

Claims 2-4 and 6 depend from claim 1, and should be allowable for at least the same 

reasons as explained for claim 1, and because of the unique combinations recited. 

Claims 12-17 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claims 21-22 and 24 depend from claim 20, and should be allowable for at least the same 

reasons as explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 1-4, 6, 11-17, 20-22 and 24 as 

amended under 35 U.S.C. § 103 is respectfully requested. 

Rejection of Claims 5, 7-10, 18-19 and 23 under 35 U.S.C. 103 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being unpatentable over 

Serov et al (US Publication No 2016/0071861) in view of Liu et al (US Publication No. 

2016/0204117) and Alsmeier et al., (US Publication No. 2012/0001249). 

Claim 7 includes the limitations 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures;" 

Emphasis added; emphasis added. 

Claim 7 is rejected with the same arguments as for the rejection of claim 1 (Pages 4-5, the 

Office Action), and should be allowable for at least the same reasons as explained for claim 1. 

Claim 5 depends from claim 1, and should be allowable for at least the same reasons as 

explained for claim 1, and because of the unique combinations recited. 

Claims 8-10 depend from claim 7, and should be allowable for at least the same reasons 

as explained for claim 7, and because of the unique combinations recited. 

Claims 18-19 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claim 23 depends from claim 20, and should be allowable for at least the same reasons as 

explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 5, 7-10, 18-19, 23 as amended 

under 35 U.S.C. § 103 is respectfully requested. 
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CONCLUSION 

MXIC 2194-1 
(Pl050004US) 

It is respectfully submitted that this application is now in condition for allowance. 

The Commissioner is hereby authorized to charge any fee determined to be due in 

connection with this communication, or credit any overpayment, to our Deposit Account No. 50-

0869 (MXIC 2194-1). 

Dated: 13 November 2018 

MACRONIX c/o: 
HA YNES BEFFEL & WOLFELD LLP 
P.O. Box 366 
Half Moon Bay, CA 94019 
(650) 712-0340 phone 
(650) 712-0263 fax 
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ATTORNEY DOCKET NO. 

MXIC 2194-1 

CONFIRMATION NO. 

3219 

EXAMINER 

ENAD. CHRISTINE A 

ART UNIT PAPER NUMBER 

2823 

NOTIFICATION DATE DELIVERY MODE 

11/26/2018 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): 

docket@hmbay.com 

PTOL-90A (Rev. 04/07) 
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Advisory Action 
Before the Filing of an Appeal Brief 

Application No. 
15/410,965 

Examiner 

CHRISTINE A ENAD 

Applicant(s) 

LUE, HANG-TING 

Art Unit 
2823 I 

AIA Status 
Yes 

--The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 20 November 2018 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
NO NOTICE OF APPEAL FILED 
1. ~ The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file 

one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance; 
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with 
37 CFR 1 .114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of 
the following time periods: 

a) 0 The period for reply expires months from the mailing date of the final rejection. 

b) ~ The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later. 
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 

c) 0 A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed 
within 2 months of the mailing date of the final rejection.The current period for reply expires months from the mailing date of 
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier. 

Examiner Note: If box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE 
FIRST RESPONSE TO APPLICANTS FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL 
REJECTION. ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(1). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate 
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The 
appropriate extension fee under 37 CFR 1 .17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally 
set in the final Office action; or (2) as set forth in (b) or (c) above, if checked. Any reply received by the Office later than three months after the 
mailing date of the final rejection, even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 
2. 0 The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the Notice 

of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of 
Appeal has been filed, any reply must be filed within the time period set forth in 37CFR 41.37(a). 

AMENDMENTS 
3. ~ The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will Il.Q1 be entered because 

a)~ They raise new issues that would require further consideration and/or search (see NOTE below); 

b) 0 They raise the issue of new matter (see NOTE below); 

c) 0 They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 
appeal; and/or 

d) 0 They present additional claims without canceling a corresponding number of finally rejected claims. 
NOTE: Newly added limitations to the independent claim (See 37CFR 1.116 and 41 .33(a)). 

4. 0 The amendments are not in compliance with 37CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. 0 Applicants reply has overcome the following rejection(s): 

6. 0 Newly proposed or amended claim(s) ___ would be allowable if submitted in a separate, timely filed amendment canceling the non-allowable 
claim(s). 

7. ~ For purposes of appeal, the proposed amendment(s):(a)~will not be entered, or (b)Owill be entered, and an explanation of how the 
new or amended claims would be rejected is provided below or appended. 

AFFIDAVIT OR OTHER EVIDENCE 
8. 0 A declaration(s)/affidavit(s) under 37 CFR 1.130{b) was/were filed on __ _ 

9. 0 The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will Il.Q1 be entered because applicant 
failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier presented. See 37 
CFR 1.116(e). 

10. 0 The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will Il.Q1 be entered because 
the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good and sufficient 
reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

11. 0 The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 
12. ~ The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 

The newly added limitations would require further consideration and search. See attached interview summary. 
13. 0 Note the attached Information Disclosure Statemen~s). (PTO/SB/08) Paper No(s). 
14. ~ Other: PTO2323 and interview summary. ---

STATUS OF CLAIMS 
15. The status of the claim(s) is (or will be) as follows: 

Claim(s) allowed: ___ . 
Claim(s) objected to: . 
Claim(s) rejected:1-2_4 __ --
Claim(s) withdrawn from consideration: ___ . 

/CHRISTINE A ENAD/ 
Primary Examiner, Art Unit 2823 I 

U.S. Patent and Trademark Office 
PTOL-303 (Rev. 08-2013) Advisory Action Before the Filing of an Appeal Brief PaperNo.20181120 
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Examiner-Initiated Interview Summary 

Application No. 

15/410,965 

Examiner 

CHRISTINE A ENAD 

All participants (applicant, applicant's representative, PTO personnel): 

(1) CHRISTINE A. ENAD. (3) __ . 

(2) Yiding Wu. (4) __ . 

Date of Interview: 20 November 2018. 

Type: ~ Telephonic D Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted: D Yes ~ No. 
If Yes, brief description: __ . 

Issues Discussed D 101 0 112 0 102 ~ 103 0 Others 
(For each of the checked box(es) above. please describe below the issue and detailed description of the discussion) 

Claim(s) discussed:_!. 

Identification of prior art discussed: Kim 20180182776. 

Substance of Interview 

Applicant(s) 

LUE, HANG-TING 

Art Unit 

2823 

AIA Status 

Yes 

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a reference 

or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc ... ) 

Discussed applicants invention with regards to the Kim reference. See Paragraph 0105, Fig 14, 200 that describes a 
dielectric layer separating the first and second channel films .. 

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the 
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general 
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or 
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised. 

D Attachment 

/CHRISTINE A ENAD/ 
Primary Examiner, Art Unit 2823 

U.S. Patent and Trademark Office 

PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20181120 
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AFCP 2.0 
Decision 

Application No. 

15/410,965 

Examiner 

CHRISTINE A ENAD 

Applicant(s) 

LUE, HANG-TING 

Art Unit 

2823 

AIA Status 

Yes 

This is in response to the After Final Consideration Pilot request filed 13 November 2018. 

1. Improper Request -The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with 

the request will be treated under pre-pilot procedure. 

2. Proper Request 

D An AFCP 2.0 request form PTO/SB/434 ( or equivalent document) was not submitted. 

D A non-broadening amendment to at least one independent claim was not submitted. 

D A proper AFCP 2.0 request was submitted in response to the most recent final rejection. 

0 Other: 

A. After final amendment submitted with the request will not be treated under AFCP 2.0. 
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program. 

0 The after final amendment will be treated under pre-pilot procedure. 

B. Updated search and/or completed additional consideration. 
The examiner performed an updated search and/or completed additional consideration of the after final amendment 
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional 
consideration are: 

U.S.Patent and Trademark Office 

PTOL-2323 (Rev. 10-14) 

D 1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is 
issued herewith. 

D 2. The after final amendment would not overcome all of the rejections in the most recent final Office action 
. See attached interview summary for further details. 

0 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary 
for further details. 

~ 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent 
final Office action. A decision on determining allowability could not be made within the guidelines of the 
pilot. See attached interview summary for further details, including any newly discovered prior art. 

Os. Other: 

Examiner Note: Please attach an interview summary when necessary as described above. 

AFCP 2.0 Decision Part of Paper No. 20181120 
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DO NOT ENTER: /C.A.E/ 

Application No. 151410,965 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
I hereby certify that this correspondence is being electronically 
transmitted to United States Patent and Trademark Office on 13 November 2018. 
I Amy Jonsson/ 
Amy Jonsson 

MXIC 2194-1 
(Pl050004US) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of inventor(s): 
Hang-Ting Lue 

Application No. 151410,965 

Confirmation No. 3219 

Filing Date: 20 January 2017 

Title: DISCRETE CHARGE TRAPPING 
ELEMENTS FOR 3D NAND 
ARCHITECTURE 

MAIL STOP AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Group Art Unit: 2823 

Examiner: Christine A Enad 

CUSTOMER NO. 46353 

AMENDMENT AND RESPONSE AFTER FINAL 

Sir: 

In response to the Final Office Action dated 27 September 2018, Applicant requests 

consideration of the following amendments in the above-referenced application. An AFCP Form 

accompanies this Amendment: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 10 of this paper. 

Ill 

{00667873.DOC } 
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To: 
From: 
Cc: 

docket@hmbay.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 46353 

Nov 26, 2018 03:42:09 AM 

Dear PAIR Customer: 

MACRONIX 
C/O HAYNES BEFFEL & WOLFELD LLP 
P. 0. BOX366 
HALF MOON BAY, CA 94019 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 46353 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15410965 

Document 
CTAV 
INTV.SUM.EX 
A.NE.AFCP.D 

Mailroom Date 
11/26/2018 
11/26/2018 
11/26/2018 

Attorney Docket No. 
MXIC 2194-1 
MXIC 2194-1 
MXIC 2194-1 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Doc code: RCEX PTOISBl30EFS (02-18) 
Doc description: Request for Continued Examination (RCE) Approved tor use through 1113012020. OMB 0651-0031 

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

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
t5410965 I Filing I ~017-01-20 

Docket Number rx1c 2194-1 I 
Art I F823 Number Date {if applicable) Unit 

First Named 
Hang-Ting Lue 

Examiner 
Ehristine A. Enad I Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. The Instruction Sheet for this form is localed at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

~ Enclosed 

~ Amendment/Reply 

□ Information Disclosure Statement (IDS) 

□ Affidavil(s)/ Declaration(s) 

□ other 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

□ Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

~ The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 
Deposit Account No eoo869 I 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

X Patent Practitioner Signature 

Applicant Signature 

EFS - Web 2.1.16 
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Doc code: RCEX PTOISBl30EFS (02-18) 
Doc description: Request for Continued Examination (RCE) Approved tor use through 1113012020. OMB 0651-0031 

Signature 

Name 

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. 

Signature of Registered U.S. Patent Practitioner 

rYKling Wu/ Date (YYYY-MM-DD) ~018-12-14 

tfiding Wu Registration Number 65992 

I 
This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademari< Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

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

Application Number: 15410965 

Filing Date: 20-Jan-2017 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND ARCHITECTURE 

First Named Inventor/Applicant Name: HANG-TING LUE 

Filer: Viding Wu/Amy Jonsson 

Attorney Docket Number: MXIC 2194-1 

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: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

RCE- 1 ST REQUEST 1801 1 1300 1300 

Total in USO($) 1300 
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Electronic Acknowledgement Receipt 

EFSID: 34595073 

Application Number: 15410965 

International Application Number: 

Confirmation Number: 3219 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND ARCHITECTURE 

First Named Inventor/Applicant Name: HANG-TING LUE 

Customer Number: 46353 

Filer: Viding Wu/Amy Jonsson 

Filer Authorized By: Viding Wu 

Attorney Docket Number: MXIC 2194-1 

Receipt Date: 14-DEC-2018 

Filing Date: 20-JAN-2017 

Time Stamp: 17:02:51 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1300 

RAM confirmation Number 12171 SINTEFSWl 7033700 

Deposit Account 

Authorized User 

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

Document 
Document Description File Name 

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

1350177 

1 
Request for Continued Examination 

00676263.PDF no 3 
(RCE) 

a4ece801 b54561318567e3a890b6bda533 
09c35 

Warnings: 

Information: 

245448 

2 
Amendment Submitted/Entered with 

00676347.PDF 16 
Filing of CPA/RCE 

no 
24 34803 ecc 7c381 b60c2bb4cf98ba09697f1 

5275 

Warnings: 

Information: 

30432 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
d 93 cl f9a88d 77 46be 2e9dd eOdfS 99b5 cS 2 7 

dc3a9 

Warnings: 

Information: 

Total Files Size (in bytes) 1626057 

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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Application No. 151410,965 

CERTIFICATE OF ELECTRONIC TRANSMISSION 
I hereby certify that this correspondence is being electronically 
transmitted to United States Patent and Trademark Office on 14 December 2018. 
I Amy Jonsson/ 
Amy Jonsson 

MXIC 2194-1 
(Pl050004US) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of inventor(s): 
Hang-Ting Lue 

Application No. 151410,965 

Confirmation No. 3219 

Filing Date: 20 January 2017 

Title: DISCRETE CHARGE TRAPPING 
ELEMENTS FOR 3D NAND 
ARCHITECTURE 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Group Art Unit: 2823 

Examiner: Christine A Enad 

CUSTOMER NO. 46353 

AMENDMENT ACCOMPANYING 
REQUEST FOR CONTINUED EXAMINATION 

Sir: 

In response to the Final Office Action dated 27 September 2018, the Advisory Action 

dated 26 November 2018, and accompanying a Request for Continued Examination, Applicant 

requests consideration of the following amendments in the above-referenced application: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 10 of this paper. 

Ill 
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1 

Application No. 15/410,965 

In the claims: 

MXIC 2194-1 
(PlO5OOO4US) 

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

application: 

1. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks; 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material physically separating betweeH aHd eoHtaetiHg the first and 

9 second channel films at levels of data storage structures, the adjacent stacks being 

10 physically separated from each other; and 

11 the data storage structures at cross points of the vertical channel pillars between 

12 the stacks and the conductive strips in the stacks, the data storage structures including 

13 tunneling layers in contact with the first and second channel films in the vertical channel 

14 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

15 blocking layers between the discrete charge trapping elements and the first sidewalls of 

16 the conductive strips and between the tunneling layers and the first sides of the insulating 

17 strips, the blocking layers continuous across and in contact with the first sides of the 

18 insulating strips vertically between adjacent conductive strips in the stacks, the discrete 

19 charge trapping elements disposed in the first recessed regions on the first sidewalls of 

20 the conductive strips. 

1 

1 2. ( original) The memory device of claim 1, wherein the discrete charge trapping 

2 elements disposed in the first recessed regions are dielectric charge trapping elements. 

1 

1 3. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 stacks have second sidewalls opposite the first sidewalls recessed relative to the second 

{0067s12s.ooc }Page 2 of 16 

Micron Ex. 1022, p. 242 
Micron v. YMTC 
IPR2024-00793 



Application No. 15/410,965 MXIC 2194-1 
(PlO5OOO4US) 

3 sides of the insulating strips which define second recessed regions on the second 

4 sidewalls of the conductive strips; and 

5 the data storage structures include discrete charge trapping elements disposed in 

6 the second recessed regions in contact with the tunneling layers, and blocking layers 

7 between the discrete charge trapping elements in the second recessed regions and the 

8 second sidewalls of the conductive strips. 

1 

1 4. ( original) The memory device of claim 3, wherein the discrete charge trapping 

2 elements disposed in the second recessed regions are dielectric charge trapping elements. 

1 

1 5. ( original) The memory device of claim 1, wherein the dielectric material 

2 compnses a gap. 

1 

1 6. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 7. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks and having second sidewalls 

6 opposite the first sidewalls recessed relative to the second sides of the insulating strips 

7 which define second recessed regions in sides of the stacks; 

8 vertical channel pillars disposed between the stacks, the vertical channel pillars 

9 having first and second channel films disposed on adjacent stacks in the plurality of 

10 stacks and a dielectric material physically separating between and contacting the first and 

11 second channel films at levels of data storage structures, the adjacent stacks being 

12 physically separated from each other; and 

13 the data storage structures at cross points of the vertical channel pillars between 

14 the stacks and the conductive strips in the stacks, the data storage structures including 

15 tunneling layers in contact with the first and second channel films in the vertical channel 
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16 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

17 blocking layers between the discrete charge trapping elements and the first sidewalls of 

18 the conductive strips, between the discrete charge trapping elements and the second 

19 sidewalls of the conductive strips, between the tunneling layers and the first sides of the 

20 insulating strips, and between the tunneling layers and the second sides of the insulating 

21 strips, the blocking layers continuous across and in contact with the first sides of the 

22 insulating strips vertically between adjacent conductive strips in the stacks, the blocking 

23 layers continuous across and in contact with the second sides of the insulating strips 

24 vertically between adjacent conductive strips in the stacks, the discrete charge trapping 

25 elements disposed in the first recessed regions on the first sidewalls of the conductive 

26 strips and disposed in the second recessed regions on the second sidewalls of the 

27 conductive strips, 

28 wherein the vertical channel pillars are arranged so that a first row of the vertical 

29 channel pillars disposed on the first sidewalls of a particular stack of conductive strips is 

30 offset in a row direction from a second row of the vertical channel pillars disposed on the 

31 second sidewalls of the particular stack of conductive strips. 

1 

1 8. ( original) The memory device of claim 7, wherein the discrete charge trapping 

2 elements are dielectric charge trapping elements. 

1 

1 9. ( original) The memory device of claim 7, wherein the dielectric material 

2 compnses a gap. 

1 

1 10. ( original) The memory device of claim 7, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 11. ( currently amended) A manufacturing method, comprising: 

2 forming a plurality of stacks of conductive strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the conductive strips 

4 in the stacks having first sidewalls; 

{0067s12s.ooc }Page 4 of 16 

Micron Ex. 1022, p. 244 
Micron v. YMTC 
IPR2024-00793 



Application No. 15/410,965 MXIC 2194-1 
(PlO5OOO4US) 

5 recessing the first sidewalls of the conductive strips relative to the first sides of 

6 the insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 

9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks, the adjacent stacks being physically separated from each other; and 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material physically separating contacting the first and second channel films on 

15 the sidewalls of the adjacent stacks at levels of the data storage structures. 

1 

1 12. (previously presented) The manufacturing method of claim 11, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the conductive strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 13. ( original) The manufacturing method of claim 12, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 

1 14. ( original) The manufacturing method of claim 12, comprising: 

2 said depositing the blocking layers including depositing the blocking layers over 

3 the first sides of the insulating strips; and 

4 said depositing the charge trapping material including depositing the charge 

5 trapping material over the blocking layers over the first sides of the insulating strips; and 

6 separating the charge trapping material between adjacent first recessed regions. 

1 
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1 15. ( original) The manufacturing method of claim 14, said separating the charge 

2 trapping material including removing the charge trapping material over the blocking 

3 layers over the first sides of the insulating strips, while keeping the charge trapping 

4 material in the first recessed regions. 

1 

1 16. ( original) The manufacturing method of claim 11, comprising: 

2 etching to isolate the data storage structures along the conductive strips, to form 

3 discrete charge trapping elements in contact with the tunneling layers and the blocking 

4 layers between the discrete charge trapping elements and the first sidewalls of the 

5 conductive strips. 

1 

1 17. ( original) The manufacturing method of claim 11, wherein the conductive strips in 

2 the stacks of conductive strips have second sidewalls opposite the first sidewalls, the 

3 manufacturing method comprising: 

4 recessing the second sidewalls of the conductive strips relative to the second sides 

5 of the insulating strips to define second recessed regions in sides of the stacks; and 

6 forming the data storage structures in the second recessed regions. 

1 

1 18. ( original) The manufacturing method of claim 17, 

2 etching to isolate the first and second channel films and the dielectric material 

3 between the first and second channel films along the conductive strips, to form vertical 

4 channel pillars between the stacks, so that a first row of the vertical channel pillars 

5 disposed on the first sidewalls of a particular stack of conductive strips is offset in a row 

6 direction from a second row of the vertical channel pillars disposed on the second 

7 sidewalls of the particular stack of conductive strips. 

1 19. ( original) The manufacturing method of claim 11, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 20. ( currently amended) A manufacturing method, comprising: 
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2 forming a plurality of stacks of sacrificial strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the sacrificial strips in 

4 the stacks having first sidewalls; 

5 recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

6 insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 

9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks, the adjacent stacks being physically separated from each other; 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material physically separating contacting the first and second channel films on 

15 the sidewalls of the adjacent stacks at levels of the data storage structures; and 

16 replacing the sacrificial strips in the stacks with a metal material. 

1 

1 21. (previously presented) The manufacturing method of claim 20, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the sacrificial strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 22. (original) The manufacturing method of claim 21, wherein the charge trapping 

2 material is dielectric charge trapping material. 
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23. ( original) The manufacturing method of claim 20, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 

2 

3 

4 

5 

1 

1 

1 

24. ( original) The manufacturing method of claim 20, said replacing comprising: 

etching the stacks to form a trench, exposing the sacrificial strips in the trench; 

removing the sacrificial strips in the trench; 

depositing the metal material in the trench; and 

separating the metal material between the insulating strips in the trench. 
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In the Final Office Action dated 27 September 2018, the Examiner reviewed claims 1-24 

and rejected claims 1-24. In the Advisory Action dated 26 November 2018, the proposed 

amendments in the response filed 13 November 2018 to the Final Office Action were not 

entered. The present application is being examined under the first inventor to file provisions of 

the AIA. 

Applicant has amended claims 1, 7, 11 and 20. 

Claims 1-24 remain pending. 

Each rejection is respectfully traversed below. 

Claim Amendments 

Applicant has amended claim 1 to recite "a dielectric material physically separating the 

first and second channel films at levels of data storage structures, the adjacent stacks being 

physically separated from each other;" 

Support for the amendment can be found in Figures 9 and 10 of the present specification, 

which illustrate a dielectric material 930 physically separating the first and second channel films 

910 and 920 at levels of data storage structures 510, for example, at a level indicated by the line 

A-A' in Figure 9. Figures 9 and 10 also illustrate the adjacent stacks being physically separated 

from each other. As shown in Figure 9, stack 210 includes conductive strips 211, 213, 215 and 

217 alternating with insulating strips 212, 214, 216 and 218, and stack 220 includes conductive 

strips 221, 223, 225 and 227 alternating with insulating strips 222, 224, 226 and 228. As shown 

in Figure 10, a conductive strip 217 in the stack 210 is physically separated from a conductive 

strip 227 in the stack 220. 

Applicant has made corresponding amendments in claims 7, 11 and 20. No new matter is 

added. 

Rejection of Claims 1-4, 6, 11-17, 20-22 and 24 under 35 U.S.C. 103 

Claims 1-4, 6, 11-17, 20-22 and 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No. 2016/0071861), in view of Alsmeier et al., 

(US Publication No. 2012/0001249). 
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The Advisory Action dated 26 November 2018 cited a new reference Kim (US 

2018/0182776)." 

Claim 1 

Claim 1 as amended includes the limitations 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures, the adjacent stacks being physically separated from 

each other;" 

Emphasis added. 

Kim and Serov do not describe at least the quoted limitations, as explained below. 

Regarding Kim, the Advisory Action dated 26 November 2018 asserted "See Paragraph 

0105, Fig 14, 200 that describes a dielectric layer separating the first and second channel films." 

Kim describes 

"A plurality of channels may be formed in the one hole in the one first gate 

electrode." 

Abstract; emphasis added. 

"[0019] FIG. 5 is a plan view showing a second structure 

that is divided into a plurality of pieces in one channel hole; 

[0105] In a case where the second structure is divided into 

four pieces, each of the semiconductor pattern 150, the first 

blocking pattern 160, the charge storage pattern 170, the 

tunnel insulation pattern 180, the channel 200, the filling 

pattern 210, and the capping pattern 220 may be also divided 

into four pieces." 

Paragraphs [0019, 0105]. 

Consequently, although in the plan view of FIG. 14 of Kim, the channel 200 is divided 

four pieces, the four pieces are formed in one channel hole in one first gate electrode, rather than 

each of the four pieces being formed on physically separated gate electrodes. In contrast, claim 1 

requires "the adjacent stacks being physically separated from each other". 

The Final Office Action dated 27 September 2018 asserts: 
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"Regarding claim 1, Serov discloses a memory device, comprising: ... 

vertical channel pillars Fig 9A-10, 601/602/62 disposed between the stacks, the 

vertical channel pillars having first Fig 9A-10, 601 and second channel films Fig 9A-10, 

602 disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 

9A-10, 62 (Paragraph 0150) between and contacting the second channel film; ... 

Embodiment 1 (Fig 9B) of Serov discloses all the limitations except for the 

arrangement of the channel layers. Whereas Embodiment 2 (Fig 16B) of Serov discloses 

an alternative channel arrangement wherein vertical channel pillars Fig 16B, 602 

disposed between the stacks, the vertical channel pillars having first Fig 16B, 602 (left 

side of layer 62) and second channel films Fig 16B, 602 (right side of layer 62) disposed 

on adjacent stacks in the plurality of stacks and a dielectric material Fig 16B, 62 between 

and contacting the first Fig 16B, 602 (left side of layer 62) and second channel film Fig 

16B, 602 (right side of layer 62):" 

Pages 4-5, the Office Action; emphasis added. 

For convenience, FIGs. 9B, 9C, 16A and 16B of Serov are reproduced below. 
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FIG. 16A 

FIG. 9B is a vertical cross-sectional view of the first exemplary device structure for 

Embodiment 1 (paragraphs [0030, 0031], Serov). FIG. 9C is a horizontal cross-sectional view 

taken along the horizontal plane C-C' of FIG. 9B (paragraph [0032], Serov). 

FIG. 16A is a top-down view of the second exemplary device structure for Embodiment 

2 (paragraphs [0043], Serov). FIG. 16B is a vertical cross-sectional view of the second 

exemplary device structure for Embodiment 2 taken along the vertical plane B-B' of FIG. 16A 

(paragraph [0044], Serov). 

Regarding "the arrangement of the channel layers", both Embodiment 1 (FI Gs. 9B, 9C) 

and Embodiment 2 (FIGs. 16A, 16B) show that "Each adjoining pair of a first semiconductor 

channel portion 601 and a second semiconductor channel portion 602 collectively constitutes a 

semiconductor channel 60 ... " (paragraph [0150], Serov). 

Both FIGs. 9C and 16A show that "If a dielectric core 62 is present, the semiconductor 

channel 60 laterally surrounds the dielectric core 62" (paragraph [0155], Serov), where the 

semiconductor channel 60 includes a first semiconductor channel portion 601 and a second 

semiconductor channel portion 602. 

One difference between the two embodiments is that in Embodiment 1 (FIG. 9B) the 

second semiconductor channel portion 602 is formed on a top surface of a substrate 10, while in 

Embodiment 2 (FIG. 16B) the second semiconductor channel portion 602 is not formed on a top 

surface of a substrate 10. The top surface of the substrate is located at the bottom of a memory 
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opening 49 (FIG. 4B), in which the semiconductor channel 60 is formed (FIG. 9B). However, 

this difference does not change the arrangement common to both embodiments that "the 

semiconductor channel 60 laterally surrounds the dielectric core 62" (paragraph [0155], Serov). 

Consequently, in FIG. 16B, a second semiconductor channel portion 602 shown at "left 

side of layer 62" and at "right side of layer 62" is the same semiconductor channel portion that 

laterally surrounds the dielectric core 62. Similarly, in FIG. 9B, a second semiconductor channel 

portion 602 shown at "left side of layer 62" and at "right side of layer 62" is the same 

semiconductor channel portion that laterally surrounds the dielectric core 62. 

Therefore Serov describes a dielectric core 62 laterally surrounded by a second 

semiconductor channel portion 602, and the dielectric core 62 does NOT physically separate the 

second semiconductor channel portion 602. In contrast, claim 1 requires 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures". 

Since Embodiment 1 and Embodiment 2 both describe the dielectric core 62 laterally 

surrounded by a second semiconductor channel portion 602, it would not have been obvious to 

one having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 as an 

alternative channel arrangement, in order to reproduce the claimed invention. 

Claim 1 should be allowable for at least the reasons explained above. 

Claim 11 

Claim 11 includes the limitations 

"forming first and second channel films on the data storage structures on 

sidewalls of adjacent stacks, the adjacent stacks being physically separated from each 

other; and 

depositing a dielectric material between the first and second channel films, the 

dielectric material physically separating the first and second channel films on the 

sidewalls of the adjacent stacks at levels of the data storage structures." 

Emphasis added. 
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Claim 11 is rejected with the same arguments as for the rejection of claim 1 (Pages 4-5, 

the Office Action), citing Embodiment 1 (FIG. 9B) and Embodiment 2 (FIG 16B) of Serov 

(Page 9, the Office Action). 

Claim 11 should be allowable for at least the same reasons as explained for claim 1. 

Claim 20 

Claim 20 includes the limitations 

"forming first and second channel films on the data storage structures on 

sidewalls of adjacent stacks, the adjacent stacks being physically separated from each 

other; 

depositing a dielectric material between the first and second channel films, the 

dielectric material physically separating the first and second channel films on the 

sidewalls of the adjacent stacks at levels of the data storage structures;" 

Emphasis added. 

Claim 20 is rejected with the same arguments as for the rejection of claim 1 (Pages 4-5, 

the Office Action), citing Embodiment 1 (FIG. 9B) and Embodiment 2 (FIG 16B) of Serov 

(Pages 12-13, the Office Action). 

Claim 20 should be allowable for at least the same reasons as explained for claim 1. 

Claims 2-4 and 6 depend from claim 1, and should be allowable for at least the same 

reasons as explained for claim 1, and because of the unique combinations recited. 

Claims 12-17 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claims 21-22 and 24 depend from claim 20, and should be allowable for at least the same 

reasons as explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 1-4, 6, 11-17, 20-22 and 24 as 

amended under 35 U.S.C. § 103 is respectfully requested. 

Rejection of Claims 5, 7-10, 18-19 and 23 under 35 U.S.C. 103 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being unpatentable over 

Serov et al (US Publication No 2016/0071861) in view of Liu et al (US Publication No. 

2016/0204117) and Alsmeier et al., (US Publication No. 2012/0001249). 

Claim 7 includes the limitations 
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"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures, the adjacent stacks being physically separated from 

each other;" 

Emphasis added; emphasis added. 

Claim 7 is rejected with the same arguments as for the rejection of claim 1 (Pages 4-5, the 

Office Action), and should be allowable for at least the same reasons as explained for claim 1. 

Claim 5 depends from claim 1, and should be allowable for at least the same reasons as 

explained for claim 1, and because of the unique combinations recited. 

Claims 8-10 depend from claim 7, and should be allowable for at least the same reasons 

as explained for claim 7, and because of the unique combinations recited. 

Claims 18-19 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claim 23 depends from claim 20, and should be allowable for at least the same reasons as 

explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 5, 7-10, 18-19, 23 as amended 

under 35 U.S.C. § 103 is respectfully requested. 
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It is respectfully submitted that this application is now in condition for allowance. 

The Commissioner is hereby authorized to charge any fee determined to be due in 

connection with this communication, or credit any overpayment, to our Deposit Account No. 50-

0869 (MXIC 2194-1). 

Dated: 14 December 2018 

MACRONIX c/o: 
HA YNES BEFFEL & WOLFELD LLP 
P.O. Box 366 
Half Moon Bay, CA 94019 
(650) 712-0340 phone 
(650) 712-0263 fax 

Respectfully submitted, 

/Yiding Wu/ 

Yiding Wu, Reg. No. 65,992 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1 .114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

12/14/2018 has been entered. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the claimed 
invention is not identically disclosed as set forth in section 102, if the differences between the 
claimed invention and the prior art are such that the claimed invention as a whole would have 
been obvious before the effective filing date of the claimed invention to a person having 
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be 
negated by the manner in which the invention was made. 

Claims 1-4, 6, 11-17, 20-22, 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861) in view of Alsmeier et 

al (US Publication No. 2012/0001249) and Kim (US Publication No. 2018/0182776). 
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Regarding claim 1, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 

sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 601/602/62 disposed 
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between the stacks, the vertical channel pillars having first Fig 9A-10, 601 and second 

channel films Fig 9A-10, 602 disposed on adjacent stacks in the plurality of stacks and 

a dielectric material Fig 9A-10, 62 (Paragraph 0150) between and contacting the 

second channel film; and data storage structures at cross points of the vertical channel 

pillars between the stacks and the conductive strips Fig 9A-10, (42/46) in the stacks, 

the data storage structures including tunneling layers Fig 9A-10, 56 in contact with the 

first and second channel films in the vertical channel pillars, discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56, and blocking 

layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-10, 54 and 

the first sidewalls of the conductive strips, the discrete charge trapping elements Fig 

9A-10, 54 disposed in the first recessed regions on the first sidewalls of the conductive 

strips Fig 9A-10. Embodiment 1 (Fig 98) of Serov discloses all the limitations except 

for the arrangement of the channel layers. Whereas Embodiment 2 (Fig 168) of Serov 

discloses an alternative channel arrangement wherein vertical channel pillars Fig 168, 

602 disposed between the stacks, the vertical channel pillars having first Fig 168, 602 

(left side of layer 62) and second channel films Fig 168, 602 (right side of layer 62) 

disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 168, 

62 between and contacting the first Fig 168, 602 (left side of layer 62) and second 

channel film Fig 168, 602 (right side of layer 62) ; the data storage structures 

including tunneling layers Fig 168, 56 in contact with the first and second channel films 

in the vertical channel pillars, discrete charge trapping elements Fig 168, 54 in contact 

with the tunneling layers Fig 168, 56. Therefore it would have been obvious to one 

having ordinary skill of the art before the effective filing date of the claimed invention to 
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modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 

as an alternative channel arrangement. Serov also discloses having the adjacent stacks 

being physically separated from each other Fig 20. 

FIG, 20 

Serov discloses all the limitations except for the arrangement of the blocking 

layer relative to the insulating strips. 
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9b 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 49, 2 between t11e stacks and the conductive strips in the 

stacks, the data storage structures including tunneling !ayers Fig 49~ 11 in contact with 

the channel film in the vertical channel pillars, discrete charge trapping elements Fig 491 
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9 in contact with the tunneling layers Fig 49 1 11 and blocking !ayers Fig 49, 7 between 

the discrete charge trapping elements Fig 49, 9 and Hie first sidewalls of the conductive 

strips Fig 49, 151 and between the tunneling !ayers Fig 49, 11 and the tirst sides of the 

insulating strips Fig 49, 153 the blocking layers Fig 49, 7 continuous across and in 

contact with the first sides of the insulating strips vertically between adjacent conductive 

strips in the stacks Fig 43w51" Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the layer arrangement of Serov and incorporate the arrangement of Alsmeier as an 

alternative arrangement to improve device performance. Serov and Alsmeier disclose 

all the limitations but silent on the dielectric layer separating the first and second 

channel region. 

Whereas Kim discloses a dielectric material physically separating the first and 

second channel regions Fig 18, 240 and Fig 19-20. Therefore it would have been 

obvious to one having ordinary skill of the art before the effective filing date of the 

claimed invention to modify the arrangement of Serov and incorporate the arrangement 

of Kim as an alternative arrangement to improve device performance (Paragraph 0014). 

Regarding claim 2, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the first recessed regions are dielectric charge 

trapping elements (Paragraph 0143). 

Regarding claim 3, Serov discloses the conductive strips in the stacks have 

second sidewalls opposite the first sidewalls recessed relative to the second sides of 

the insulating strips which define second recessed regions on the second sidewalls of 
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the conductive strips; and the data storage structures include discrete charge trapping 

elements disposed in the second recessed regions in contact with the tunneling layers, 

and blocking layers between the discrete charge trapping elements in the second 

recessed regions and the second sidewalls of the conductive strips Fig 9A-10. 

Regarding claim 4, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 disposed in the second recessed regions are dielectric charge 

trapping elements (Paragraph 0043). 

Regarding claim 6, Serov discloses the conductive strips in the plurality of stacks 

of conductive strips include a metal material (Paragraph 0133). 

Regarding claim 11, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of conductive strips Fig 9A-10, 

(42/46) alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 

32in the stacks having first and second sides Fig 9A-10, and the conductive strips Fig 

9A-10, (42/46) in the stacks having first sidewalls; recessing the first sidewalls of the 

conductive strips relative to the first sides of the insulating strips to define first recessed 

regions in sides of the stacks Fig SA-SC; forming data storage structures in the first 

recessed regions Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on 

the data storage structures on sidewalls of adjacent stacks; and depositing a dielectric 

material Fig 9A-10, 62 between the first and second channel films, the dielectric 

material contacting the second channel films on the sidewalls of the adjacent stacks Fig 

9A-10. Embodiment 1 (Fig 98) of Serov discloses all the limitations except for the 

arrangement of the channel layers. Whereas Embodiment 2 (Fig 168) of Serov 

discloses an alternative channel arrangement wherein vertical channel pillars Fig 168, 
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602 disposed between the stacks, the vertical channel pillars having first Fig 168, 602 

(left side of layer 62) and second channel films Fig 168, 602 (right side of layer 62) 

disposed on adjacent stacks in the plurality of stacks and a dielectric material Fig 168, 

62 between and contacting the first Fig 168, 602 (left side of layer 62) and second 

channel film Fig 168, 602 (right side of layer 62) ; the data storage structures 

including tunneling layers Fig 168, 56 in contact with the first and second channel films 

in the vertical channel pillars, discrete charge trapping elements Fig 168, 54 in contact 

with the tunneling layers Fig 168, 56. Therefore it would have been obvious to one 

having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 

as an alternative channel arrangement. Serov also discloses having the adjacent stacks 

being physically separated from each other Fig 20. 

FIG. 20 

Serov discloses all the limitations except for the arrangement of the blocking 

layer relative to the insulating strips. 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 49, 2 between tile stacks and the conductive strips in the 
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stacks, the data storage structures including tunneling !ayers Fig 49s 11 in contact \Nith 

the channel film in the vertical channel pillars, discrete charge trapping elements Fig 49, 

9 in contact with the tunneling layers Fig 49, 11 and blocking !ayers Fig 49, 7 between 

the discrete charge trapping elements Fig 49, 9 and the first sidewalls of the conductive 

strips Fig 49s 151 and between the tunneling !ayers Fig 493 11 and the first sides of the 

insulating strips Fig 49, 153 the blocking layers Fig 49, 7 continuous across and in 

contact with the tirst sides of tile insulating strips vertically between adjacent conductive 

strips in the stacks Fig 430051, Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the layer arrangement of Serov and incorporate the arrangement of Alsmeier as an 

alternative arrangement to improve device performance. Serov and Alsmeier disclose 

all the limitations but silent on the dielectric layer separating the first and second 

channel region. 

Whereas Kim discloses a dielectric material physically separating the first and 

second channel regions Fig 18, 240 and Fig 19-20. Therefore it would have been 

obvious to one having ordinary skill of the art before the effective filing date of the 

claimed invention to modify the arrangement of Serov and incorporate the arrangement 

of Kim as an alternative arrangement to improve device performance (Paragraph 0014). 

Regarding claim 12, Serov and Alsmeier disclose said forming the data storage 

structures comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls 

of the conductive strips in the first recessed regions; depositing charge trapping material 
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Fig 9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions (Serov- Fig 9A-10; Alsmeier-Fig 43-51). 

Regarding claim 13, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 

Regarding claim 14, Serov discloses comprising: said depositing the blocking 

layers Fig 9A-10, 52 including depositing the blocking layers Fig 9A-10, 52 over the first 

sides of the insulating strips Fig 68; and said depositing the charge trapping material 

Fig 9A-10, 54 including depositing the charge trapping material Fig 9A-10, 52 over the 

blocking layers Fig 68 over the first sides of the insulating strips Fig 68; and separating 

the charge trapping material between adjacent first recessed regions Fig 6A-6C. 

Regarding claim 15, Serov discloses said separating the charge trapping material 

Fig 9A-10, 54 including removing the charge trapping material over the blocking layers 

over the first sides of the insulating strips, while keeping the charge trapping material in 

the first recessed regions Fig 6A-8C. 

Regarding claim 16, Serov discloses comprising: etching to isolate the data 

storage structures along the conductive strips, to form discrete charge trapping 

elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56 and the 

blocking layers Fig 9A-10, 52 between the discrete charge trapping elements Fig 9A-

10, 54 and the first sidewalls of the conductive strips. 

Regarding claim 17, Serov discloses wherein the conductive strips in the stacks 

of conductive strips have second sidewalls opposite the first sidewalls Fig 9A-10, the 
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manufacturing method comprising: recessing the second sidewalls of the conductive 

strips relative to the second sides of the insulating strips to define second recessed 

regions in sides of the stacks; and forming the data storage structures in the second 

recessed regions Fig SA-10. 

Regarding claim 20, Serov discloses a manufacturing method, comprising: 

forming a plurality of stacks Fig 9A-10, 32/(42/46) of sacrificial strips Fig 9A-10, 42 

alternating with insulating strips Fig 9A-10, 32, the insulating strips Fig 9A-10, 32in the 

stacks having first and second sides Fig 9A-10, and the sacrificial strips Fig 9A-10, 42 

in the stacks having first sidewalls; recessing the first sidewalls of the sacrificial strips 

relative to the first sides of the insulating strips to define first recessed regions in sides 

of the stacks Fig SA-SC; forming data storage structures in the first recessed regions 

Fig 6A-8C; forming first and second channel films Fig 9A-10, 60 on the data storage 

structures on sidewalls of adjacent stacks; and depositing a dielectric material Fig 9A-

10, 62 between the first and second channel films, the dielectric material contacting the 

second channel films on the sidewalls of the adjacent stacks Fig 9A-10, and replacing 

the sacrificial strips in the stacks with a metal material Fig 10, 46. Embodiment 1 (Fig 

98) of Serov discloses all the limitations except for the arrangement of the channel 

layers. Whereas Embodiment 2 (Fig 168) of Serov discloses an alternative channel 

arrangement wherein vertical channel pillars Fig 168, 602 disposed between the 

stacks, the vertical channel pillars having first Fig 168, 602 (left side of layer 62) and 

second channel films Fig 168, 602 (right side of layer 62) disposed on adjacent 

stacks in the plurality of stacks and a dielectric material Fig 168, 62 between and 

contacting the first Fig 168, 602 (left side of layer 62) and second channel film Fig 
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168, 602 (right side of layer 62) ; the data storage structures including tunneling layers 

Fig 168, 56 in contact with the first and second channel films in the vertical channel 

pillars, discrete charge trapping elements Fig 168, 54 in contact with the tunneling 

layers Fig 168, 56. Therefore it would have been obvious to one having ordinary skill of 

the art before the effective filing date of the claimed invention to modify the Embodiment 

1 of Serov and incorporate the arrangement of Embodiment 2 as an alternative channel 

arrangement. Serov also discloses having the adjacent stacks being physically 

separated from each other Fig 20. 

FIG, 20 

Serov discloses all the limitations except for the arrangement of the blocking 

layer relative to the insulating strips. 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 49~ 2 between the stacks and the conductive strips in the 

stacks, the data storage structures including tunneling layers Fig 49, 11 in contact with 

the ci1anne! mm in the vertical channel pillars, discrete charge trapping elements Fig 49~ 

9 in contact with the tunneling layers Fig 491 11 and blocking !ayers Fig 49~ 7 between 
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the discrete charge trapping elements Fig 493 9 and the first sidmva!!s of the conductive 

strips Fig 49~ 151 and between the tunneling !ayers Fig 493 11 and Hie first sides of the 

insulating strips Fig 49, 153 the blocking layers Fig 49 1 7 continuous across and in 

contact with the first sides of the insulating strips vertically between adjacent conductive 

strips in the stacks Fig 43M51, Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the layer arrangement of Serov and incorporate the arrangement of Alsmeier as an 

alternative arrangement to improve device performance. Serov and Alsmeier disclose 

all the limitations but silent on the dielectric layer separating the first and second 

channel region. 

Whereas Kim discloses a dielectric material physically separating the first and 

second channel regions Fig 18, 240 and Fig 19-20. Therefore it would have been 

obvious to one having ordinary skill of the art before the effective filing date of the 

claimed invention to modify the arrangement of Serov and incorporate the arrangement 

of Kim as an alternative arrangement to improve device performance (Paragraph 0014). 

Regarding claim 21, Serov and Alsmeier discloses said forming the data storage 

structures comprising: depositing blocking layers Fig 9A-10, 52 over the first sidewalls 

of the conductive strips in the first recessed regions; depositing charge trapping material 

Fig 9A-10, 54 over the blocking layers Fig 9A-10, 52 in the first recessed regions; and 

depositing tunneling layers Fig 9A-10, 56 over the charge trapping material Fig 9A-10, 

54 in the first recessed regions (Serov- Fig 9A-10; Alsmeier-Fig 43-51). 

Regarding claim 22, Serov discloses wherein the charge trapping material is 

dielectric charge trapping material (Paragraph 0143). 
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Regarding claim 24, Serov discloses said replacing comprising: etching the 

stacks to form a trench, exposing the sacrificial strips in the trench; removing the 

sacrificial strips in the trench; depositing the metal material in the trench; and separating 

the metal material between the insulating strips in the trench (Paragraph 0152-0154). 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No 2016/0071861) in view of Liu et al 

(US Publication No. 2016/0204117), Alsmeier et al (US Publication No. 2012/0001249) 

and Kim (US Publication No. 2018/0182776). 

Regarding claims, 5, 19, and 23, Serov discloses all the limitations except for the 

gap in the channel region. Whereas Liu discloses leaving a gap between the first and 

second vertical channel films Fig 2A-4B (Paragraph 0075-0076). Therefore it would 

have been obvious to one having ordinary skill of the art before the effective filing date 

of the claimed invention to modify the device of Serov and incorporate a gap to provide 

a connector between device levels. 

Regarding claim 7, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-10, 32/(42/46) of conductive strips alternating with insulating strips Fig 

9A-10, 32, the insulating strips in the stacks having first and second sides, and the 

conductive strips Fig 9A-10, (42/46) in the stacks having first sidewalls recessed 

relative to the first sides of the insulating strips which define first recessed regions in 

sides of the stacks Fig 9A-10; and having second sidewall opposite the first sidewalls 

recessed relative to the second sides of the insulating strips which define second 

recessed regions in sides of the stacks Fig 9A-10; vertical channel pillars Fig 9A-10, 

601/602/62 disposed between the stacks, the vertical channel pillars having first Fig 9A-
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10, 601 and second channel films Fig 9A-10, 602 disposed on adjacent stacks in the 

plurality of stacks and a dielectric material Fig 9A-10, 62 (Paragraph 0150) between 

and contacting the second channel films; and data storage structures at cross points of 

the vertical channel pillars between the stacks and the conductive strips Fig 9A-10, 

(42/46) in the stacks, the data storage structures including tunneling layers Fig 9A-10, 

56 in contact with the first and second channel films in the vertical channel pillars, 

discrete charge trapping elements Fig 9A-10, 54 in contact with the tunneling layers Fig 

9A-10, 56, and blocking layers Fig 9A-10, 52 between the discrete charge trapping 

elements Fig 9A-10, 54 and the first sidewalls of the conductive strips and between the 

discrete charge trapping elements and the second sidewalls of the conductive strips Fig 

9A-10, the discrete charge trapping elements Fig 9A-10, 54 disposed in the first 

recessed regions on the first sidewalls of the conductive strips and disposed in the 

second recessed regions on the second sidewalls of the conductive strips Fig 9A-10. 

Serov discloses all the limitations except for the offset in the channel region. 

Whereas Liu discloses the vertical channel pillars are arranged so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 

conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-4B (Paragraph 0075-0076). Therefore it would have been obvious to one having 

ordinary skill of the art before the effective filing date of the claimed invention to modify 

the device of Serov and incorporate an offset to provide a connector between device 

levels. Embodiment 1 (Fig 98) of Serov discloses all the limitations except for the 

arrangement of the channel layers. 
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Whereas Embodiment 2 (Fig 168) of Serov discloses an alternative channel 

arrangement wherein vertical channel pillars Fig 168, 602 disposed between the 

stacks, the vertical channel pillars having first Fig 168, 602 (left side of layer 62) and 

second channel films Fig 168, 602 (right side of layer 62) disposed on adjacent 

stacks in the plurality of stacks and a dielectric material Fig 168, 62 between and 

contacting the first Fig 168, 602 (left side of layer 62) and second channel film Fig 

168, 602 (right side of layer 62) ; the data storage structures including tunneling layers 

Fig 168, 56 in contact with the first and second channel films in the vertical channel 

pillars, discrete charge trapping elements Fig 168, 54 in contact with the tunneling 

layers Fig 168, 56. Therefore it would have been obvious to one having ordinary skill of 

the art before the effective filing date of the claimed invention to modify the Embodiment 

1 of Serov and incorporate the arrangement of Embodiment 2 as an alternative channel 

arrangement. Serov also discloses having the adjacent stacks being physically 

separated from each other Fig 20. 

F!G.20 
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Serov and Liu discloses all the limitations except for the arrangement of the 

blocking layer relative to the insulating strips. 

Whereas Alsmeier discloses data storage structures Fig 49 at cross points of the 

vertical channel pillars Fig 49, 2 between the stacks and the conductive strips in the 

stacks, the data storage structures including tunneling !ayers Fig 493 11 in contact wit11 

the channel film in the vertical channel pillars, discrete charge trapping elements Fig 49, 

9 in contact with the tunneling layers Fig 49, 11 and blocking !ayers Fig 49~ 7 between 

the discrete charge trapping elements Fig 493 9 and the first sidmva!!s of the conductive 

strips Fig 49~ 151, betvveen the discrete charge trapping elements and the second 

sidewalls of the conductive strips Fig 49, between t!1e tunneling !ayers Fig 49, 11 and 

the first sides of the insulating strips Fig 49, 153 and between the tunneling layers and 

the second sides of the insulating strips Fig 493 the blocking !ayers Fig 493 7 continuous 

across and in contact with the first sides of the insulating strips vertically between 

adjacent conductive strips in the stacks Fig 43~51, the blocking layers continuous 

across and in contact with the second sides of the insulating strips vertically between 

adjacent conductive strips in the stacks Fig 43~51" Therefore it would have been 

obvious to one having ordinary skill of the art before the effective filing date of the 

claimed invention to modify the layer arrangement of Serov and incorporate the 

arrangement of Alsmeier as an alternative arrangement to improve device performance. 

Serov, Liu and Alsmeier disclose all the limitations but silent on the dielectric 

layer separating the first and second channel region. 
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Whereas Kim discloses a dielectric material physically separating the first and 

second channel regions Fig 18, 240 and Fig 19-20. Therefore it would have been 

obvious to one having ordinary skill of the art before the effective filing date of the 

claimed invention to modify the arrangement of Serov and incorporate the arrangement 

of Kim as an alternative arrangement to improve device performance (Paragraph 0014). 

Regarding claim 8, Serov discloses wherein the discrete charge trapping 

elements Fig 9A-10, 54 are dielectric charge trapping elements (Paragraph 0143). 

Regarding claim 9, Serov discloses wherein the dielectric material comprises a 

gap Fig 2A-4B (Paragraph 0075-0076). 

Regarding claim 10, Serov discloses the conductive strips in the plurality of 

stacks of conductive strips include a metal material (Paragraph 0133). 

Regarding claim 18, Liu discloses etching to isolate the first and second channel 

films and the dielectric material between the first and second channel films along the 

conductive strips, to form vertical channel pillars between the stacks, so that a first row 

of the vertical channel pillars disposed on the first sidewalls of a particular stack of 

conductive strips is offset in a row direction from a second row of the vertical channel 

pillars disposed on the second sidewalls of the particular stack of conductive strips Fig 

2A-4B (Paragraph 0075-0076). 

Response to Arguments 

Applicant's arguments filed 12/14/2018 have been fully considered but they are 

not persuasive. 

In response to applicant's argument on Page 10 that the references fail to show 

certain features of applicant's invention, it is noted that the features upon which 
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applicant relies (i.e, four channels should not be formed in one get electrode) are not 

recited in the rejected claims. Although the claims are interpreted in light of the 

specification, limitations from the specification are not read into the claims. See In re 

Van Geuns, 988 F.2d 1181, 26 USPQ2d 1057 (Fed. Cir. 1993). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHRISTINE A ENAD whose telephone number is 

(571 )270-7891. The examiner can normally be reached on Monday-Friday, 7:30 am -

4:30 pm. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Allen Parker can be reached on 303 297 4722. 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 
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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. 

/CHRISTINE A ENAD/ 
Primary Examiner, Art Unit 2823 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of inventor(s): 
Hang-Ting Lue 

Application No. 151410,965 

Confirmation No. 3219 

Filing Date: 20 January 2017 

Title: DISCRETE CHARGE TRAPPING 
ELEMENTS FOR 3D NAND 
ARCHITECTURE 

MAIL STOP AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Group Art Unit: 2823 

Examiner: Christine A Enad 

CUSTOMER NO. 46353 

AMENDMENT AND RESPONSE 

Sir: 

In response to the Non-Final Office Action dated 18 January 2019, Applicant requests 

consideration of the following amendments in the above-referenced application: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 9 of this paper. 

Ill 
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In the claims: 

MXIC 2194-1 
(Pl050004US) 

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

application: 

1 1. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks; 

6 vertical channel pillars disposed between the stacks, the vertical channel pillars 

7 having first and second channel films disposed on adjacent stacks in the plurality of 

8 stacks and a dielectric material physically separating the first and second channel films at 

9 levels of data storage structures, the adjacent stacks being physically separated from each 

10 other; [[and]] 

11 the data storage structures at cross points of the vertical channel pillars between 

12 the stacks and the conductive strips in the stacks, the data storage structures including 

13 tunneling layers in contact with the first and second channel films in the vertical channel 

14 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

15 blocking layers between the discrete charge trapping elements and the first sidewalls of 

16 the conductive strips and between the tunneling layers and the first sides of the insulating 

17 strips, the blocking layers continuous across and in contact with the first sides of the 

18 insulating strips vertically between adjacent conductive strips in the stacks, the discrete 

19 charge trapping elements disposed in the first recessed regions on the first sidewalls of 

20 the conductive strips; and 

21 insulating structures disposed between and in contact with adjacent conductive 

22 strips, the conductive strips extending in a first direction, the insulating structures having 

23 a width in a second direction orthogonal to the first direction, wherein the data storage 

24 structures are disposed within the width between adjacent conductive strips. 

1 

1 2. ( original) The memory device of claim 1, wherein the discrete charge trapping 

2 elements disposed in the first recessed regions are dielectric charge trapping elements. 

1 
{00691577.DOC} 
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1 3. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 stacks have second sidewalls opposite the first sidewalls recessed relative to the second 

3 sides of the insulating strips which define second recessed regions on the second 

4 sidewalls of the conductive strips; and 

5 the data storage structures include discrete charge trapping elements disposed in 

6 the second recessed regions in contact with the tunneling layers, and blocking layers 

7 between the discrete charge trapping elements in the second recessed regions and the 

8 second sidewalls of the conductive strips. 

1 

1 4. ( original) The memory device of claim 3, wherein the discrete charge trapping 

2 elements disposed in the second recessed regions are dielectric charge trapping elements. 

1 

1 5. ( original) The memory device of claim 1, wherein the dielectric material 

2 compnses a gap. 

1 

1 6. ( original) The memory device of claim 1, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 7. ( currently amended) A memory device, comprising: 

2 a plurality of stacks of conductive strips alternating with insulating strips, the 

3 insulating strips in the stacks having first and second sides, and the conductive strips in 

4 the stacks having first sidewalls recessed relative to the first sides of the insulating strips 

5 which define first recessed regions in sides of the stacks and having second sidewalls 

6 opposite the first sidewalls recessed relative to the second sides of the insulating strips 

7 which define second recessed regions in sides of the stacks; 

8 vertical channel pillars disposed between the stacks, the vertical channel pillars 

9 having first and second channel films disposed on adjacent stacks in the plurality of 

10 stacks and a dielectric material physically separating the first and second channel films at 

11 levels of data storage structures, the adjacent stacks being physically separated from each 

12 other; [[and]] 
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13 the data storage structures at cross points of the vertical channel pillars between 

14 the stacks and the conductive strips in the stacks, the data storage structures including 

15 tunneling layers in contact with the first and second channel films in the vertical channel 

16 pillars, discrete charge trapping elements in contact with the tunneling layers, and 

17 blocking layers between the discrete charge trapping elements and the first sidewalls of 

18 the conductive strips, between the discrete charge trapping elements and the second 

19 sidewalls of the conductive strips, between the tunneling layers and the first sides of the 

20 insulating strips, and between the tunneling layers and the second sides of the insulating 

21 strips, the blocking layers continuous across and in contact with the first sides of the 

22 insulating strips vertically between adjacent conductive strips in the stacks, the blocking 

23 layers continuous across and in contact with the second sides of the insulating strips 

24 vertically between adjacent conductive strips in the stacks, the discrete charge trapping 

25 elements disposed in the first recessed regions on the first sidewalls of the conductive 

26 strips and disposed in the second recessed regions on the second sidewalls of the 

27 conductive strips, 

28 wherein the vertical channel pillars are arranged so that a first row of the vertical 

29 channel pillars disposed on the first sidewalls of a particular stack of conductive strips is 

30 offset in a row direction from a second row of the vertical channel pillars disposed on the 

31 second sidewalls of the particular stack of conductive strips; and 

32 insulating structures disposed between and in contact with adjacent conductive 

33 strips, the conductive strips extending in a first direction, the insulating structures having 

34 a width in a second direction orthogonal to the first direction, wherein the data storage 

35 structures are disposed within the width between adjacent conductive strips. 

1 

1 8. ( original) The memory device of claim 7, wherein the discrete charge trapping 

2 elements are dielectric charge trapping elements. 

1 

1 9. ( original) The memory device of claim 7, wherein the dielectric material 

2 compnses a gap. 

1 
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1 10. ( original) The memory device of claim 7, wherein the conductive strips in the 

2 plurality of stacks of conductive strips include a metal material. 

1 

1 11. ( currently amended) A manufacturing method, comprising: 

2 forming a plurality of stacks of conductive strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the conductive strips 

4 in the stacks having first sidewalls; 

5 recessing the first sidewalls of the conductive strips relative to the first sides of 

6 the insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 

9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks, the adjacent stacks being physically separated from each other; [[and]] 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material physically separating the first and second channel films on the 

15 sidewalls of the adjacent stacks at levels of the data storage structures; and 

16 forming insulating structures disposed between and in contact with adjacent 

17 conductive strips, the conductive strips extending in a first direction, the insulating 

18 structures having a width in a second direction orthogonal to the first direction, wherein 

19 the data storage structures are disposed within the width between adjacent conductive 

20 strips. 

1 

1 12. (previously presented) The manufacturing method of claim 11, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the conductive strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 
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7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 13. ( original) The manufacturing method of claim 12, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 

1 14. ( original) The manufacturing method of claim 12, comprising: 

2 said depositing the blocking layers including depositing the blocking layers over 

3 the first sides of the insulating strips; and 

4 said depositing the charge trapping material including depositing the charge 

5 trapping material over the blocking layers over the first sides of the insulating strips; and 

6 separating the charge trapping material between adjacent first recessed regions. 

1 

1 15. ( original) The manufacturing method of claim 14, said separating the charge 

2 trapping material including removing the charge trapping material over the blocking 

3 layers over the first sides of the insulating strips, while keeping the charge trapping 

4 material in the first recessed regions. 

1 

1 16. ( original) The manufacturing method of claim 11, comprising: 

2 etching to isolate the data storage structures along the conductive strips, to form 

3 discrete charge trapping elements in contact with the tunneling layers and the blocking 

4 layers between the discrete charge trapping elements and the first sidewalls of the 

5 conductive strips. 

1 

1 17. ( original) The manufacturing method of claim 11, wherein the conductive strips in 

2 the stacks of conductive strips have second sidewalls opposite the first sidewalls, the 

3 manufacturing method comprising: 

4 recessing the second sidewalls of the conductive strips relative to the second sides 

5 of the insulating strips to define second recessed regions in sides of the stacks; and 

6 forming the data storage structures in the second recessed regions. 

1 
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1 18. ( original) The manufacturing method of claim 17, 

MXIC 2194-1 
(Pl050004US) 

2 etching to isolate the first and second channel films and the dielectric material 

3 between the first and second channel films along the conductive strips, to form vertical 

4 channel pillars between the stacks, so that a first row of the vertical channel pillars 

5 disposed on the first sidewalls of a particular stack of conductive strips is offset in a row 

6 direction from a second row of the vertical channel pillars disposed on the second 

7 sidewalls of the particular stack of conductive strips. 

1 19. ( original) The manufacturing method of claim 11, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 20. ( currently amended) A manufacturing method, comprising: 

2 forming a plurality of stacks of sacrificial strips alternating with insulating strips, 

3 the insulating strips in the stacks having first and second sides, and the sacrificial strips in 

4 the stacks having first sidewalls; 

5 recessing the first sidewalls of the sacrificial strips relative to the first sides of the 

6 insulating strips to define first recessed regions in sides of the stacks; 

7 forming data storage structures in the first recessed regions, including forming 

8 blocking layers between tunneling layers and the first sides of the insulating strips in the 

9 stacks, the blocking layers continuous across and in contact with the first sides of the 

10 insulating strips vertically between adjacent conductive strips; 

11 forming first and second channel films on the data storage structures on sidewalls 

12 of adjacent stacks, the adjacent stacks being physically separated from each other; 

13 depositing a dielectric material between the first and second channel films, the 

14 dielectric material physically separating the first and second channel films on the 

15 sidewalls of the adjacent stacks at levels of the data storage structures; [[and]] 

16 replacing the sacrificial strips in the stacks with a metal material; and 

17 forming insulating structures disposed between and in contact with adjacent 

18 conductive strips, the conductive strips extending in a first direction, the insulating 

19 structures having a width in a second direction orthogonal to the first direction, wherein 
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20 the data storage structures are disposed within the width between adjacent conductive 

21 strips. 

1 

1 21. (previously presented) The manufacturing method of claim 20, said forming the 

2 data storage structures comprising: 

3 depositing the blocking layers over the first sidewalls of the sacrificial strips in 

4 the first recessed regions and over the first sides of the insulating strips in the stacks; 

5 depositing charge trapping material over the blocking layers in the first recessed 

6 regions; and 

7 depositing the tunneling layers over the charge trapping material in the first 

8 recessed regions and over the blocking layers over the first sides of the insulating strips in 

9 the stacks. 

1 

1 22. (original) The manufacturing method of claim 21, wherein the charge trapping 

2 material is dielectric charge trapping material. 

1 23. ( original) The manufacturing method of claim 20, said depositing a dielectric 

2 material between the first and second channel films including leaving a gap between the 

3 first and second vertical channel films. 

1 

1 

2 

3 

4 

5 

1 

24. 

25. 

( original) The manufacturing method of claim 20, said replacing comprising: 

etching the stacks to form a trench, exposing the sacrificial strips in the trench; 

removing the sacrificial strips in the trench; 

depositing the metal material in the trench; and 

separating the metal material between the insulating strips in the trench. 

(new) The memory device of claim 1, wherein the first sidewalls of the 

2 conductive strips in the stacks are straight, and the vertical channel pillars disposed 

3 between the stacks are parallel to the first sidewalls. 

1 
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In the Non-Final Office Action dated 18 January 2019, the Examiner reviewed claims 1-

24 and rejected claims 1-24. The present application is being examined under the first inventor 

to file provisions of the AIA. 

Applicant has amended claims 1, 7, 11 and 20, and added a new claim 25. 

Claims 1-25 remain pending. 

Each rejection is respectfully traversed below. 

Claim Amendments 

Applicant has amended claim 1 to recite 

"insulating structures disposed between and in contact with adjacent conductive 

strips, the conductive strips extending in a first direction, the insulating structures 

having a width in a second direction orthogonal to the first direction, wherein the data 

storage structures are disposed within the width between adjacent conductive strips." 

Support for the amendment can be found in Figure 10 of the present specification. Figure 

10 illustrates insulating structures (1001-1009, FIG. 10) disposed between and in contact with 

adjacent conductive strips (217, 227), the conductive strips extending in a first direction (X­

direction), the insulating structures having a width in a second direction (Y-direction) orthogonal 

to the first direction, wherein the data storage structures (1010) are disposed within the width 

between adjacent conductive strips. 

Applicant has made corresponding amendments in claims 7, 11 and 20. No new matter is 

added. 

Figure 10 is reproduced below, annotated with "width" for the width of the insulating 

structures in the Y-direction. 
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Rejection of Claims 1-4, 6, 11-17, 20-22 and 24 under 35 U.S.C. 103 

Claims 1-4, 6, 11-17, 20-22 and 24 are rejected under 35 U.S.C. 103 as being 

unpatentable over Serov et al (US Publication No. 2016/0071861), in view of Alsmeier et al., 

(US Publication No. 2012/0001249) and Kim (US Publication No. 2018/0182776). 

Claim 1 

Claim 1 as amended includes the limitations 

"insulating structures disposed between and in contact with adjacent conductive 

strips, the conductive strips extending in a first direction, the insulating structures 

having a width in a second direction orthogonal to the first direction, wherein the data 

storage structures are disposed within the width between adjacent conductive strips." 

Serov does not describe the quoted limitations, as explained below. 

The Office Action asserts 

"Regarding claim 1, Serov discloses a memory device, comprising: a plurality of 

stacks Fig 9A-l 0, 32/( 42/46) of conductive strips ... " 
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" ... the vertical channel pillars having first Fig 9A-10, 601 and second channel 

films Fig 9A-10, 602 disposed on adjacent stacks in the plurality of stacks and a dielectric 

material Fig 9A-10, 62 (Paragraph 0150) ... " 

" ... the data storage structures including tunneling layers Fig 9A-l 0, 56 in contact 

with the first and second channel films in the vertical channel pillars, discrete charge 

trapping elements Fig 9A-10, 54 in contact with the tunneling layers Fig 9A-10, 56, and 

blocking layers Fig 9A-10, 52 ... " 

Pages 4-5, the Office Action; emphasis added. 

FIGs. 9B and 9C of Serov are reproduced below, where FIG. 9C is annotated with "WI" 

to indicate a width of separator insulator structures 43, and annotated with "W2" to indicate a 

width of a device structure including a blocking dielectric layer 52, a memory material layer 54, 

a tunnel dielectric 56, and first and second semiconductor channel portions 601 and 602. FIG. 9C 

is also annotated with an X-axis to indicate a first direction, and a Y-axis to indicate a second 

direction orthogonal to the first direction. 

32 

60 
~ 

601 602 5662 

FIG. 9B 
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FIG. 9C 

As shown in FIG. 9C of Serov, device structures include data storage structures including 

a blocking dielectric layer 52, a memory material layer 54, and a tunnel dielectric 56. The device 

structures are disposed in memory openings 49 (FIG. SC) including recess regions 49A (FIG. 
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SB) between the sacrificial material layers 42. The sacrificial material layers 42 extend in a first 

direction (X-direction). The device structures are separated by separator insulator structures 43 

which have a first width WI in a second direction (Y-direction) orthogonal to the first direction. 

The device structures have a second width W2 in the second direction greater than the first width 

WI. In particular, the data storage structures including a blocking dielectric layer 52, a memory 

material layer 54, and a tunnel dielectric 56 are disposed within the second width W2 greater 

than the first width WI, so the data storage structures are not disposed within the first width WI. 

In contrast, claim I as amended requires 

"insulating structures disposed between and in contact with adjacent conductive 

strips, the conductive strips extending in a first direction, the insulating structures 

having a width in a second direction orthogonal to the first direction, wherein the data 

storage structures are disposed within the width between adjacent conductive strips." 

Claim I should be allowable for at least the reasons explained above. 

The Office Action further asserts 

"Embodiment 1 (Fig 9B) of Serov discloses all the limitations except for the 

arrangement of the channel layers. Whereas Embodiment 2 (Fig 16B) of Serov discloses 

an alternative channel arrangement wherein vertical channel pillars Fig 16B, 602 

disposed between the stacks, the vertical channel pillars having first Fig 16B, 602 (left 

side of layer 62) and second channel films Fig 16B, 602 (right side of layer 62) disposed 

on adjacent stacks in the plurality of stacks and a dielectric material Fig 16B, 62 between 

and contacting the first Fig 16B, 602 (left side of layer 62) and second channel film Fig 

16B, 602 (right side of layer 62):" 

Page 5, the Office Action; emphasis added. 

FIGs. 16A and 16B of Serov are reproduced below. Figures 9B and 9C of Serov are 

reproduced above. 
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FIG. 16A 

FIG. 9B is a vertical cross-sectional view of the first exemplary device structure for 

Embodiment 1 (paragraphs [0030, 0031], Serov). FIG. 9C is a horizontal cross-sectional view 

taken along the horizontal plane C-C' of FIG. 9B (paragraph [0032], Serov). 

FIG. 16A is a top-down view of the second exemplary device structure for Embodiment 

2 (paragraphs [0043], Serov). FIG. 16B is a vertical cross-sectional view of the second 

exemplary device structure for Embodiment 2 taken along the vertical plane B-B' of FIG. 16A 

(paragraph [0044], Serov). 

Regarding "the arrangement of the channel layers", both Embodiment 1 (FI Gs. 9B, 9C) 

and Embodiment 2 (FIGs. 16A, 16B) show that "Each adjoining pair of a first semiconductor 

channel portion 601 and a second semiconductor channel portion 602 collectively constitutes a 

semiconductor channel 60 ... " (paragraph [0150], Serov). 

Both FIGs. 9C and 16A show that "If a dielectric core 62 is present, the semiconductor 

channel 60 laterally surrounds the dielectric core 62" (paragraph [0155], Serov), where the 

semiconductor channel 60 includes a first semiconductor channel portion 601 and a second 

semiconductor channel portion 602. 

One difference between the two embodiments is that in Embodiment 1 (FIG. 9B) the 

second semiconductor channel portion 602 is formed on a top surface of a substrate 10, while in 

Embodiment 2 (FIG. 16B) the second semiconductor channel portion 602 is not formed on a top 

surface of a substrate 10. The top surface of the substrate is located at the bottom of a memory 

{00691577.DOC} 

Page 13 of 17 

Micron Ex. 1022, p. 308 
Micron v. YMTC 
IPR2024-00793 



Application No. 15/410,965 MXIC 2194-1 
(Pl050004US) 

opening 49 (FIG. 4B), in which the semiconductor channel 60 is formed (FIG. 9B). However, 

this difference does not change the arrangement common to both embodiments that "the 

semiconductor channel 60 laterally surrounds the dielectric core 62" (paragraph [0155], Serov). 

Consequently, in FIG. 16B, a second semiconductor channel portion 602 shown at "left 

side of layer 62" and at "right side of layer 62" is the same semiconductor channel portion that 

laterally surrounds the dielectric core 62. Similarly, in FIG. 9B, a second semiconductor channel 

portion 602 shown at "left side of layer 62" and at "right side of layer 62" is the same 

semiconductor channel portion that laterally surrounds the dielectric core 62. 

Therefore Serov describes a dielectric core 62 laterally surrounded by a second 

semiconductor channel portion 602, and the dielectric core 62 does NOT physically separate the 

second semiconductor channel portion 602. In contrast, claim 1 requires 

"vertical channel pillars disposed between the stacks, the vertical channel pillars 

having first and second channel films disposed on adjacent stacks in the plurality of 

stacks and a dielectric material physically separating the first and second channel films 

at levels of data storage structures, ... ". 

Since Embodiment 1 and Embodiment 2 both describe the dielectric core 62 laterally 

surrounded by a second semiconductor channel portion 602, it would not have been obvious to 

one having ordinary skill of the art before the effective filing date of the claimed invention to 

modify the Embodiment 1 of Serov and incorporate the arrangement of Embodiment 2 as an 

alternative channel arrangement, in order to reproduce the claimed invention. 

Claim 1 should be allowable for at least the reasons explained above. 

Claim 11 

Claim 11 as amended includes the limitations 

"forming insulating structures disposed between and in contact with adjacent 

conductive strips, the conductive strips extending in a first direction, the insulating 

structures having a width in a second direction orthogonal to the first direction, wherein 

the data storage structures are disposed within the width between adjacent conductive 

strips." 

Claim 11 is amended correspondingly to the amendments in claim 1, and should be 

allowable for at least the same reasons as explained for claim 1. 

Claim 20 
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"forming insulating structures disposed between and in contact with adjacent 

conductive strips, the conductive strips extending in a first direction, the insulating 

structures having a width in a second direction orthogonal to the first direction, wherein 

the data storage structures are disposed within the width between adjacent conductive 

strips." 

Emphasis added. 

Claim 20 is amended correspondingly to the amendments in claim 1, and should be 

allowable for at least the same reasons as explained for claim 1. 

Claims 2-4 and 6 depend from claim 1, and should be allowable for at least the same 

reasons as explained for claim 1, and because of the unique combinations recited. 

Claims 12-17 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claims 21-22 and 24 depend from claim 20, and should be allowable for at least the same 

reasons as explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 1-4, 6, 11-17, 20-22 and 24 as 

amended under 35 U.S.C. § 103 is respectfully requested. 

Rejection of Claims 5, 7-10, 18-19 and 23 under 35 U.S.C. 103 

Claims 5, 7-10, 18-19, 23 are rejected under 35 U.S.C. 103 as being unpatentable over 

Serov et al (US Publication No 2016/0071861) in view of Liu et al (US Publication No. 

2016/0204117), Alsmeier et al (US Publication No. 2012/0001249) and Kim (US Publication 

No. 2018/0182776). 

Claim 7 as amended includes the limitations 

"insulating structures disposed between and in contact with adjacent conductive 

strips, the conductive strips extending in a first direction, the insulating structures 

having a width in a second direction orthogonal to the first direction, wherein the data 

storage structures are disposed within the width between adjacent conductive strips." 

Claim 7 is amended correspondingly to the amendments in claim 1, and should be 

allowable for at least the same reasons as explained for claim 1. 
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Claim 5 depends from claim 1, and should be allowable for at least the same reasons as 

explained for claim 1, and because of the unique combinations recited. 

Claims 8-10 depend from claim 7, and should be allowable for at least the same reasons 

as explained for claim 7, and because of the unique combinations recited. 

Claims 18-19 depend from claim 11, and should be allowable for at least the same 

reasons as explained for claim 11, and because of the unique combinations recited. 

Claim 23 depends from claim 20, and should be allowable for at least the same reasons as 

explained for claim 20, and because of the unique combinations recited. 

Accordingly reconsideration of the rejection of claims 5, 7-10, 18-19 and 23 as amended under 

35 U.S.C. § 103 is respectfully requested. 

New Claim 25 

Applicant has added a new claim 25 that includes the limitations 

"wherein the first sidewalls of the conductive strips in the stacks are straight, 

and the vertical channel pillars disposed between the stacks are parallel to the first 

sidewalls." 

Support for the new claim can be found in Figure 10 of the present specification. Figure 

10 illustrates the first sidewalls (1031) of the conductive strips (217, 227, 237) in the stacks are 

straight, and the vertical channel pillars (910, 920) disposed between the stacks are parallel to the 

first sidewalls. 
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It is respectfully submitted that this application is now in condition for allowance. 

The Commissioner is hereby authorized to charge any fee determined to be due in 

connection with this communication, or credit any overpayment, to our Deposit Account No. 50-

0869 (MXIC 2194-1). 

Dated: 18 April 2019 

MACRONIX c/o: 
HA YNES BEFFEL & WOLFELD LLP 
P.O. Box 366 
Half Moon Bay, CA 94019 
(650) 712-0340 phone 
(650) 712-0263 fax 
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Yiding Wu, Reg. No. 65,992 
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CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

46353 

MACRONIX 
7590 05/13/2019 

C/O HA YNES BEFFEL & WOLFELD LLP 
P. 0. BOX 366 
HALFMOON BAY, CA 94019 

APPLICATION NO. FILING DATE 

15/410,965 01/20/2017 

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. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

HANG-TING LUE MXIC 2194-1 3219 

TITLE OF INVENTION: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NANO ARCHITECTURE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

ENAD, CHRISTINE A 2811 

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 

257-324000 

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

$1000 08/13/2019 

2 ______________ _ 

3 ______________ _ 

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

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

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

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

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

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

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

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

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

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/410,965 01/20/2017 

46353 7590 05/13/2019 

MACRONIX 
C/0 HA YNES BEFFEL & W0LFELD LLP 
P. 0. BOX 366 
HALFMOON BAY, CA 94019 

FIRST NAMED INVENTOR 

HANG-TING LUE 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

MXIC 2194-1 3219 

EXAMINER 

ENAD. CHRISTINE A 

ART UNIT PAPER NUMBER 

2811 

DATE MAILED: 05/13/2019 

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. 
15/410,965 
Examiner 
CHRISTINE A ENAD 

Applicant(s) 
LUE, HANG-TING 
Art Unit I AIA (FITF) Status 
2811 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 4/18/2019. 

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 1-25. 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 areply 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. D 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. __ . 

/CHRISTINE A ENAD/ 
Primary Examiner, Art Unit 2811 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190430 
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RULE 

APPLICANTS 
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INVENTORS 
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** CONTINUING DATA ************************* 

** FOREIGN APPLICATIONS ************************* 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED** 
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P. 0. BOX366 
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APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

ENAD, CHRISTINE A 2811 

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 

257-324000 

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

$1000 08/13/2019 

HA YNES BEFFEL & 
WOLFELD LLP 

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) 

MACRONIX INTERNATIONAL CO., LTD. HSINCHU, TW 

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

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

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

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

JXl The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 500869 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature __ /_Y_i_· _d_i_· _n_g __ w_u_/ ___________ _ 

Typed or printed name __ Y_id_in_g_w __ u _____________ _ 
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0MB 0651-0033 

Date 24 July 2019 

Registration No. __ 6_5_,9_9_2 _________ _ 
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Electronic Patent Application Fee Transmittal 

Application Number: 15410965 

Filing Date: 20-Jan-2017 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND ARCHITECTURE 

First Named Inventor/Applicant Name: HANG-TING LUE 

Filer: Viding Wu/Kathryn Marley 

Attorney Docket Number: MXIC 2194-1 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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Electronic Acknowledgement Receipt 

EFSID: 36683440 

Application Number: 15410965 

International Application Number: 

Confirmation Number: 3219 

Title of Invention: DISCRETE CHARGE TRAPPING ELEMENTS FOR 3D NAND ARCHITECTURE 

First Named Inventor/Applicant Name: HANG-TING LUE 

Customer Number: 46353 

Filer: Viding Wu/Kathryn Marley 

Filer Authorized By: Viding Wu 

Attorney Docket Number: MXIC 2194-1 

Receipt Date: 24-JUL-2019 

Filing Date: 20-JAN-2017 

Time Stamp: 20:48:06 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number 072519INTEFSW20484200 

Deposit Account 500869 

Authorized User Kathryn Marley 

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) 
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37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

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

72064 

1 Issue Fee Payment (PT0-85B) 00706700.PDF no 1 
8f3387fad711914e4c287ad001467ef43005 

Scfd 

Warnings: 

Information: 

30150 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
cefa349eabede46916c1 Sd76d8dd82bbdb 

d40e7e 

Warnings: 

Information: 

Total Files Size (in bytes) 102214 

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

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

APPLICATION NO. ISSUE DATE 

15/410,965 09/03/2019 

46353 7590 08/14/2019 

MACR0NIX 
C/0 HA YNES BEFFEL & W0LFELD LLP 
P. 0. BOX 366 
HALF MOON BAY, CA 94019 

PATENT NO. 

10403637 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

MXIC 2194-1 

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. 

3219 

The Patent Term Adjustment is 17 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): 

HANG-TING LUE, HSINCHU, TAIWAN; 
MACR0NIX INTERNATIONAL CO., LTD., Hsinchu, TAIWAN; 

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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To: 
From: 
Cc: 

docket@hmbay.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 46353 

Aug 15, 2019 03:37:28 AM 

Dear PAIR Customer: 

MACRONIX 
C/O HAYNES BEFFEL & WOLFELD LLP 
P. 0. BOX366 
HALF MOON BAY, CA 94019 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 46353 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
15410965 

Document 
ISSUE.NTF 

Mailroom Date 
08/14/2019 

Attorney Docket No. 
MXIC 2194-1 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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