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UNITED STATES PO Box 1450
PATENT AND TRADEMARK OEFICE Ao, Y e onto. oV

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
17/479,444 11/22/2024 08:44:20 PM Z ET 2021050 / RMS08BCH1

Title of Invention

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION ADDRESSING AND
DECOUPLED BAD BLOCK MANAGEMENT

Application Information

APPLICATION TYPE  Ultility - Nonprovisional Application PATENT # 11347656
under 35 USC 111(a)

CONFIRMATION # 6305 FILEDBY Marc Schuyler
PATENT CENTER # 68096765 FILING DATE  09/20/2021
CUSTOMER # 73091 FIRST NAMED  Robert Lercari
INVENTOR
CORRESPONDENCE - AUTHORIZED BY
ADDRESS
Documents TOTAL DOCUMENTS: 1
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
sb0123_fill-8232- 2 Change of Address 68 KB

17479444 pdf
Digest

DOCUMENT MESSAGE DIGEST(SHA-512)

BD13EA11C757A768C876F1D001F3627026CB78178D73C886A
sb0123_fill-823Z-17479444.pdf  434BAD0198C1CDC5004665A6E89055C4D3B9CF190921F8FC
AB2E52419CA61FB305COEB84F49872A

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.
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New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PTOSBIM23 (04-15)

_ _ Approvad for use through 03/34/2021. OMB 0651-0035

- U.8. Patent and Trademark Oftice; U.S. DEPARTMENT OF COMMERCE

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

//' Patent Number 11347656 \
CHANGE OF Issue Date 05/31/2022
CORRESPONDENCE ADDRESS
Patent Application Number 17/479444
Address to: Filing Date 09/20/2021

Mail Stop Post Issue First Named Inventor

Commissioner for Patents RO bert |_ E RCA RI

P.O. Box 1450

i 22313~ Altornay Docket
\Alexandna, VA 22313-1450 Numbe?‘l RMS-08BC1 / 8237 /

Please change the Correspondence Address for the above-identified patent to:

The address associated with Customer Number:

OR

::,:miﬂza, name R@dian Memory Systems, LLC

6275 West Plano Parkway, Suite 500

Address

city Plano State | €XAS zip 15093
Country

Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the data associated with an
existing Customer Number use "Request for Customer Number Data Change” (PTCO/SB/124).

This form will not affect any "fee addrass” provided for the above-identified patent. To change a "fee address” use the "Fee
Address Indication Form" (PTO/SBI47).

| am the:
FPatentes.

Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. {Form PTQO/SB/YB).

>< Attorney or agent of record. Registration Number 35675

Signature /Marc P. Schuyler/

Typed or
Printed Name  MArc P. Schuyler

Date 11/22/2024 Telephone

NOTE: Signatures of all the inveniors or assignees of record of the entire inferest or their represeniative(s) are required. Submit muttiple forms
if more than one signature is required, see below®.

|:| “Yotafof forms are submitted.

This coliection of information is required by 37 CFR 1.33. Tha information is required to obtain or retain a benefit by the public which is to file (and oy the USPTO
to process) an application. Confidentiality is goverred by 35 U.8.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 USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require i3 complete this form andfor 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. 3O NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Post lssue, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT(C-87389 and sefect option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) requires that you be given certain information in connection
with your submission of the atfached form related to a patent application or palent. Accordingly,
pursuant to the requirements of the Act, please be advised that: {1} the general authority for tha
collection of this information is 35 U.S.C. 2{(b}{2), (2) furnishing of the information solicited is voluntary;
and {3} the principal purposa for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examing your submission ralated 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 andfor 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 treatsd confidentially to the extent allowed under the
Freedom of information Act (5 U.8.C. 552} and the Privacy Act {5 U.5.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whather
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of

prasenting svidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, o a Member of

Congress submitting a request involving an individual, to whorn the record pertains, when the

individual has requested assistance from the Member with respeact to the subject matier of the

record.

4. Avrecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in crder 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.S8.C. 552a{m).

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

6. Arecord in this system of records may be disclosad, as a routing use, to another federal

agency for purposes of National Security review (35 U.5.C. 181) and for review pursuant to

the Atomic Energy Act (42 U.8.C. 218{c}).

Aracord 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 o recommend improvements in records management

practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be madsa in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (L.e., GSA or Commerce) directive. Such disclosure shall not
be used fo make determinations about individuals.

8. Avrecord from this system of records may be disclosed, as a routine use, to the public after
aither publication of the application pursuant to 35 U.8.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
hecame 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 patant.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State,
or local taw enforcement agency, if the USPTQO becomes aware of a violation or potential
viclation of law or regulation.

)

w

4
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P.O. Box 1450
Alexandria, Virginia 22313-1450
wWww.uspto.gov

APPLICATION # FILING OR 371(C) DATE  FIRST NAMED APPLICANT ATTORNEY DOCKET # REQUEST ID

17/479,444 09/20/2021 Robert Lercari 2021050 / RMSO08BC1 216406

The entity status change request below filed through Patent Center on 05/17/2024 has been accepted.

SN i e R enen
LTI RGN

APPLICANT CHANGING TO REGULAR UNDISCOUNTED FEE STATUS

I certity, in accordance with 37 CFR 1.4(d)(4), that I am one of the signatories making the entity status change.

Signature Name Registration #

/Marc P. Schuyler/ Marc Schuyler 35675
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/479.,444 05/31/2022 11347656 2021050 / RMS08BC1 6305
73091 7590 05/11/2022
Marc P. Schuyler
P.O. Box 2535

Saratoga, CA 95070

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)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Robert Lercari, Thousand Oaks, CA;

Alan Chen, Simi Valley, CA;

Mike Jadon, Manhattan Beach, CA;

Craig Robertson, Simi Valley, CA;

Andrey V. Kuzmin, Moscow, RUSSIAN FEDERATION;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Radian Memory Systems, Inc., Manhattan Beach, CA;

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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Receipt date: 08/20/2021 17/479,444 - GAU: 2133

Application Number
Filing Date
INFORMATION DISCLOSURE First Named Inventor | Robert Lercari
STATEMENT BY APPLICANT [ —
( Not for submission under 37 CFR 1.99)
Examiner Name unknown
Aftorney Docket Number 2021050 / RMS-08BC1
37 20050144413 A1 P005-06-30 Kuo et al.
38 0070283428 A1 P007-12-06 Ma et al.
39 0090172257 A1 P009-07-02 Prins et al.
40 20100287217 A1 P010-11-11 Borchers et al.
0%,/2012
41, 20120059972 A1 pe43=8r=10 Chen
hange(s) 4pplied
documen:
NW.S./
28,2022 42 D0130013852 A1 D013-01-10 Hou et al.
43 20130297852 A1 P013-11-07 Fai et al.
44 0140101371 A1 P014-04-10 Nguyen et al.
45 20150113203 A1 P015-04-23 PDancho et al.
46 20150261456 A1 P015-09-17 Plcantara et al.
47 0140122781 A1 P014-05-01 Smith et al.

EFS Web 2.1.17

Samsung Ex. 1002, Page 7 of 265
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Receipt date:

0s/20/2021

17/479,444 - GAU: 2133

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

First Named Inventor

Robert Lercari

Art Unit

Examiner Name

unknown

Aftorney Docket Number

2021050 / RMS-08BC1

53 B539197 B1 P013-09-17 Marshall
54 B285918 B2 P012-10-09 Maheshwari
03,/2011
55 7904619 B2 R 008-65-29- L) analgse Pranson, et al.
Change(s) E PPlied
td document
/NWS,/
4/428/2022|56  ||7809900 B2 |p010-10-05  |[panilak
57 B069284 B2 P011-11-29 Oh
58 0063844 B2 P015-06-23 Higgins

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

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner| . Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
- Cite No : Relevant Passages or Relevant
Initial Number Code'| Date of cited Document .
Figures Appear
1 20080189485 A1 P008-08-07 Jung et al.
2 20110033548 A1 P011-02-10 Kimmel et al.
3 20100281230 A1 P010-11-04 Rabii et al.

EFS Web 2.1.17
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Receipt date:

0s/20/2021

17/479,444 - GAU: 2133

Application Number
Filing Date
INFORMATION DISCLOSURE First Named Inventor | Robert Lercari
STATEMENT BY APPLICANT [ —
( Not for submission under 37 CFR 1.99)
Examiner Name unknown
Aftorney Docket Number 2021050 / RMS-08BC1
20 B065471 B2 P011-11-22 Yano et al.
21 0229854 B2 P016-01-05 Kuzmin et al.
22 H860082 A [1999-01-12 Smith et al.
23 17339823 B2 P008-03-04 Nakayama et al.
24 581078 B2 P009-08-25 Mare
25 V710777 B1 P010-05-04 Mintierth
26 B055833 B2 P011-11-08 Danilak et al.
27 B068365 B2 P011-11-29 Kim
28 0542118 B1 P017-01-10 | ercari et al.
29 0400749 B1 P016-07-26 Kuzmin et al.
12/2016
30 0519578 B1 O218=12=1% Kuzmin et al.
CHange(s) E PPlied
taddocument

/NEWV;%{‘IJT

4,/28/2022
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application Serial Number: 17/479444
Confirmation Number: 6305
First Named Inventor: Robert Lercari

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION

Title: ADDRESSING AND DECOUPLED BAD BLOCK MANAGEMENT
Filing Date: 09/20/2021
Attorney Docket: 2021050/ RMS08BC1

COMMENT ON STATEMENT OF REASONS FOR ALLOWANCE

In connection with the reasons for allowance, as stated in the Notice of Allowance mailed on April 21,
2022, the Examiner provided a statement of reasons for allowance (hereinafter referred to as the "Reasons").
Applicant believes that the Reasons, to the extent understood, may be misconstrued and, as such, are
incomplete. Applicant does not acquiesce to the Examiner's characterization/construction of the references
cited, or that limitations referenced and/or highlighted and/or emboldened or otherwise emphasized by the
Examiner are the "only" or "primary" grounds of distinguishing cited art, or that the art "teaches" subject
matter as advocated by the Examiner, or that artis or is not "close." Applicant submits that indeed, the claims
as a whole of the instant application, individually or in combination with other claims (via dependency),
describe the patentable subject matter of Applicant's invention, and that claims are to be construed as
provided by statute (i.e., by a court). Applicant reserves the right to assert that other limitations not listed by
the Examiner also differentiate the cited art, and/or that cited references are not prior art to the present
application, and/or that the cited art should be interpreted differently than as characterized by the Examiner.
Accordingly, the Reasons in no way bind or affect the interpretation, infringement, validity and/or
enforceability of any claim(s) or patent(s) resulting from, or relating to this application.

Respectfully submitted,
/Marc P. Schuyler/
Marc P. Schuyler, Reg. No. 35,675
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Electronic Patent Application Fee Transmittal

Application Number: 17479444

Filing Date: 20-Sep-2021

Title of Invention:

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION
ADDRESSING AND DECOUPLED BAD BLOCK MANAGEMENT

First Named Inventor/Applicant Name: Robert Lercari
Filer: Marc Philip Schuyler
Attorney Docket Number: 2021050 / RMS08BC1

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 600 600
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 600
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Electronic Acknowledgement Receipt

EFS ID: 45600611
Application Number: 17479444
International Application Number:
Confirmation Number: 6305

Title of Invention:

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION
ADDRESSING AND DECOUPLED BAD BLOCK MANAGEMENT

First Named Inventor/Applicant Name:

Robert Lercari

Customer Number:

73091

Filer:

Marc Philip Schuyler

Filer Authorized By:

Attorney Docket Number: 2021050 / RMS08BC1
Receipt Date: 29-APR-2022
Filing Date: 20-SEP-2021
Time Stamp: 15:36:22

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $600

RAM confirmation Number E20224SF37012503

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 . . . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
272312
1 Issue Fee Payment (PTO-85B) 00-ptol85b-RMS-8BC1.pdf no 2
5d3429b1682a2eed85b6bc65830cfa6d099|

264ba

Warnings:

Information:
43720

2 Miscellaneous Incoming Letter 00-2022-04-29-COSORFA- no 1

RMS-08BC1.pdf
a5d0208ff086df03e5f13f4abdch645b11c3

Warnings:

Information:

38224
3 Fee Worksheet (SB06) fee-info.pdf no 2
f3b43923dad78ee9c499eae4069d0a48ceal
7del19
Warnings:
Information:
Total Files Size (in bytes): 354256

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with the applicable fee(s), by mail or fax, orvia EFS-Web.
By mail, send to: Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

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

INSTRUCTIONS: Thisform shouldbeused for transmitting the ISSUEFEE and PUBLICATIONFEE (ifrequired). Blocks 1 through 5 should be completed where appropriate,
All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless

corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate “ FEE ADDRESS” for maintenance fee
notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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 ormal drawing, must
have its own certificate of mailing ortransmission.
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 addressabove, or being transmitted to the
USPTO via EFS-Web or by facsimile to (571)273-2885, on the date below.

(Typed orprinted name)

(Signature)
(Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
17/479444 09/20/2021 Robert Lercari 2021050 / RMS08BCA 6305
TITLE OF INVENTION:
ADDPLN. TYPE ENTITY STATUS TSSUE FEE DUE PUBLICATION IEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE
nonprovisional SMALL 600 0 0 600 07/21/2022
EXAMINER ART UNIT CLASS-SUBCLASS

1. Change of comrespondence address orindication of*“ Fee
Address” (37 CFR 1.363)

2. For printing on the patent fiont page, list

(1) The names of up to 3 registered patent attorneys L. MaI’C P . SCh Uy|er

|:| Change of correspondence address (or Change of oragents OR, alternatively,

Correspondence Address form PTO/SB/122) attached. (2) The nane of a single firm (having as a member 2.
a registered attorney or agent) and the names of
up to 2 registered patent attorneys or agents. If

no nane is listed, no name will be printed.

|:| “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.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Ifan 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 3.81(a). Completion ofthis form is NOT a substitute for filing an assignment.

(A)NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE or COUNTRY)
Radian Memory Systems, Inc. Manhattan Beach, California (USA)

Please check the appropriate assignee category or categories (will not be printed onthe patent): I:l Individual Cormporation or other private group entity |:| Govemment

4a. Fees Submitted: Issue Fee D PublicationFee (ifrequired) I:l Advance Order - # of Copies
4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Pay ment via EFS-Web DEnclosed check D Non-electronic payment by credit card (Attach form PTO-2038)
D The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change of Entity Status (fromstatus indicated above)

|:| Applicant certifying micro entity status. See 37 CFR 1.29. NOTE: Absent avalid Certification ofMicro Entity Status (sec orms PTO/SB/15A and 15B), issue fee

payment in the micro entity amount will not be accepted at the risk ofapplication abandonment.

I:' Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as

anotification ofloss ofentitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification ofloss ofentitlement 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 /Marc P. SChUy|e|’/ Date 29 Aprll 2022

Typed orprinted nane  Marc P. Schuy|er Registration No. 35675

PTOL-85 Part B (08-18) Approved foruse through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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OMB 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 beforerequesting
most types of information from the public. When OMB approves an agency requestto collect information from the public, OMB (i) provides a
valid OMB Control Number and expiration date for the agency to display on the instrument that will be usedto collect the information and (ii)
requires the agency to inform the public aboutthe OMB Control Number’s legal significancein 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 retaina benefit by the public
which is tofile (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 minutesto 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 oftime you require to complete this form and/or suggestions for
reducing this burden, should be sent to the ChiefInformation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box
1450, Alexandria, Virginia 22313-1450. DO NOTSEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O.
Box 1450, Alexandria, Virginia22313-1450.Under the Paperwork Reduction Act of 1995, no personsare required to respond to a collection of
information unless it displays a valid OMB 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 ofthe attached form
related to a patent application or patent. Accordingly, pursuantto 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 informationis used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. Ifyou do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to processand/or
examine your submission, whichmay result in termination of proceedings or abandonment ofthe application or expiration of the patent.

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

1. The information on this form will be treated confidentially to the extent allowed under the Freedom ofInformation 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 Departmentof Justiceto determine
whether disclosure ofthese records is requiredby the Freedom of Information Act.

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

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

4. Avrecordin 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 01974, as
amended, pursuantto 5 U.S.C. 552a(m).

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

6. Arecordin 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. Avrecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during aninspection ofrecords conducted by GSA as part of that agency’s responsibility to recommend improvementsin records
management practicesand programs,under authority of44 U.S.C. 2904 and 2906. Such disclosure shall be madein 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. Arecord from this system ofrecords may be disclosed, as a routine use, to the public after either publication ofthe application pursuant
to 35 U.S.C. 122(b)orissuance ofa patent pursuant to 35 U.S5.C. 151. Further,a record may be disclosed, subject to the limitations of37
CFR 1.14, as a routine use, to the publicifthe recordwas filed in an application which becameabandoned or in which the proceedings
were terminated and which applicationisreferenced by either a published application, an application open to publicinspection or an
issued patent.

9. Arecord from this system ofrecords may be disclosed, as a routine use, to a Federal, State, or local law enforcementagency, ifthe
USPTO becomes aware ofa violation or potentialviolation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
73091 7590 04/21/2022
Marc P. Schuyler WU, STEPHANIE
P.O. Box 2535
Saratoga, CA 95070 | ART UNIT PAPER NUMBER |
2133
DATE MAILED: 04/21/2022
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
17/479 444 0972072021 Robert Lercari 2021050 / RMSO8BC1 6305

TITLE OF INVENTION: STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION ADDRESSING AND DECOUPLED BAD BLOCK
MANAGEMENT

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $600 $0.00 $0.00 $600 07/21/2022

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

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

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

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

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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

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.

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

73091 7590 04/21/2022 Certificate of Mailing or Transmission
Marce P. Schuyler 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
P.O. Box 2535 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Saratoga, CA 95070 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/479.,444 09/20/2021 Robert Lercari 2021050 / RMS08BC1 6305

TITLE OF INVENTION: STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION ADDRESSING AND DECOUPLED BAD BLOCK
MANAGEMENT.

APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $0.00 $600 07/21/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
WU, STEPHANIE 2133 711-103000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2

- e N . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a 3
Customer Number is required.

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 3.81(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) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

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

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

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

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 Date
Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/479,444 09/20/2021 Robert Lercari 2021050 / RMSO8BC1 6305
| EXAMINER |
73001 7590 04/21/2022
Marc P. Schuyler WU, STEPHANIE
P.O. Box 2535
Saratoga, CA 95070 | ART UNIT PAPER NUMBER |
2133

DATE MAILED: 04/21/2022

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 1(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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OMB 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 OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB 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 OMB 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 OMB 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. Arecord 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. Arecord 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 opento public ingpect] an issued patent

9. A record from this system of records may be disclosed, as a rozgﬁeﬁlussg, a eézjr.g%r’sdﬁﬁggeo?lﬁgizgé
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
; . 17/479,444 Lercari et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
STEPHANIE WU 2133 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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 3/30/2022.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J 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 1-23 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

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

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

0 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..] 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)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[3 Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.{] Interview Summary (PTO-413),
Paper No./Mail Date.

/STEPHANIE WU/
Examiner, Art Unit 2133

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220413
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Application/Control Number: 17/479,444 Page 2
Art Unit: 2133

REASONS FOR ALLOWANCE

1. Claims 1-23 are allowed.
2. The following is a statement of reasons for the indication of allowable subject matter:

Claim 1 recites the limitation “circuitry to, for each of incoming data access requests,
derive a first address portion, a second address portion and a third address portion,

identify an addressed block device from the first address portion,

identify an addressed segment within the addressed block device from the second
address portion, and

identify an addressed storage location within the addressed segment from the third
address portion,

wherein the circuitry is to use a division operation to identify a logical erase unit within
the addressed segment,

wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit’

Said limitation is taught by the specification of the instant application as originally filed at
least at [P. 0033, 0057-58, 0062-63 and FIGs. 8, 10 & 11]. Said limitations, in combination with
the other recited limitations of claim 1, are not taught or suggested by the prior art of record.

The closest prior art of record includes:

Smith et al. (U.S. PGPub No. 2014/0122781) which teaches obtaining address portions
from a received logical sector number using division, using the address values to identify a

section, block, page and page offset within flash memory but does not teach the second

address portion identifying a segment within the identified section, and a third address portion
identifying a storage location within the segment.
Manning et al. (U.S. PGPub No. 2016/0026564) which teaches using division and other

arithmetic operations on a received LBA to obtain address values that correspond to channels,
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Application/Control Number: 17/479,444 Page 3
Art Unit: 2133

chip enables, logical units/dies and planes within flash memory but does not teach using

division to obtain an identifier for a logical erase block that corresponds to a physical erase
block.

Claims 2-20 are dependent on claim 1, and are considered allowable for at least the
same reasons as claim 1. Claims 21-23 contain similar limitations to claim 1, and are

considered allowable for at least the same reasons as claim 1.

Response to Arguments
3. Applicant’s arguments, see page 13, filed 3/30/2022, with respect to claim 2 have been
fully considered and are persuasive. The 112(b) rejection of claim 2 has been withdrawn.
4. Applicant’s arguments, see page 13-14, filed 3/30/2022, with respect to claim 8-9 have
been fully considered and are persuasive. The 112(b) rejection of claim 8-9 has been
withdrawn.
5. Applicant’s arguments, see page 14, filed 3/30/2022, with respect to claim 13-14 have
been fully considered and are persuasive. The 112(b) rejection of claim 13-14 has been
withdrawn.
6. Applicant’s arguments, see page 14-15, filed 3/30/2022, with respect to claim 2 have

been fully considered and are persuasive. The 101 rejection of claim 2 has been withdrawn.

Conclusion
7. Any inquiry concerning this communication or earlier communications from the examiner
should be directed to STEPHANIE WU whose telephone number is (571)272-0257. The
examiner can normally be reached 11a-8p.
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
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Application/Control Number: 17/479,444 Page 4
Art Unit: 2133

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, Jared Rutz can be reached on (571)272-5535. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https:/www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC) at
866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/STEPHANIE WU/
Examiner, Art Unit 2133
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |.;,479 444 Lorcari et al.
H “‘ “““ Examiner Art Unit
STEPHANIE WU 2133

CPC

Symbol Type Version
GO6F 1009 F 2013-01-01
GO6F 109 | 2013-01-01
GO6F 0246 | 2013-01-01
GO6F 0688 | 2013-01-01
GO6F 0616 | 2013-01-01
GO6F 064 | 2013-01-01
GO6F 7202 A 2013-01-01
GO6F 0662 A 2013-01-01
GO6F 7205 A 2013-01-01
GO6F 7201 A 2013-01-01
GO6F 0659 A 2013-01-01
GO6F 1016 A 2013-01-01
CPC Combination Sets

Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 23
/STEPHANIE WU/ 14 April 2022 . . A
Examiner, Art Unit 2133 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 8

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20220413
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Application/Control No. Applicant(s)/Patent Under Reexamination
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L2

L3

1066

13

19578"["9542118"|"958
8904"|"9652376"|"9696
917"'9710377"|"97274
54"|"9785572"|"984654
1").PN.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G086F12/$6 OR
g06f3/06%5 OR
G06F2212/$6 ).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
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LS

L6

375

365

Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND L1
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3)) WITH
((divid$4 division
sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G086F12/$6 OR
GO06F3/06%6 OR
G06F2212/$6).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)
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04:16 PM
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L7

L8

88

166

SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/0246 OR
g06f3/0688 ).cpc. NOT
(radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
GO06F12/1036 ).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

OR
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L9

L10

13

169

group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
G06F12/1036 OR
GO06F3/0644).cpc. NOT
(radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND L1
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

OR
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L11

L12

88

375

drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
G06F12/1036 OR
GO06F3/0644).cpc. NOT
(radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
GO06F12/1036 ).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT,;
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L14

23

tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/0246 OR
g06f3/0688 ).cpc. NOT
(radian).as.

L1 AND (partition$3 OR
lun$1 OR Idev$1 OR
vdev$1 OR sub$1space
OR ((logical virtual)
near2 (device flash
$2ram drive disk area
region group$3 cluster
volume extent $4array
unit)) OR (block NEAR
(device group$3
volume)) OR ((flash
bank) NEAR (group$3
cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) NOT
radian.as.

USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

OR

ON
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L15

L16

L17

279

55

55

(correspond$5
associat$5 identif$7
map$4 respectiv$3
within) WITH
(hierarch$5 tier$3 level
tuple) SAME ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
near2 (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G086F12/$6 OR
GO06F3/06%6 ).cpc. NOT
(radian).as.

(correspond$5
associat$5 identif$7
map$4 respectiv$3
within) WITH
(hierarch$5 tier$3 level
tuple) SAME ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
near2 (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) WITH (bit$1
byte$1 field$1
"["$2":"$2"]") AND
(G086F12/$6 OR
GO06F3/06%6 ).cpc. NOT
(radian).as.

(correspond$5
associat$5 identif$7
map$4 respectiv$3
within) WITH
(hierarch$5 tier$3 level
tuple) SAME ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
near2 (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)
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number sequence
location)))) WITH (bit$1
byte$1 field$1
sub$1field$1) AND
(G086F12/$6 OR
GO06F3/06%6 OR
G06F2212/$6).cpc.
NOT (radian).as.
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Ref #

Hits

[Search Query

DBs

Default
Operator

Plurals
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Equivalents

Time Stamp

N1

N2

95

55

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
GO06F12/1036 ).cpc.
NOT (radian).as.

(correspond$5
associat$5 identif$7
map$4 respectiv$3
within) WITH
(hierarch$5 tier$3 level
tuple) SAME ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
near2 (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2022/04/14
12:08 AM

2022/04/14
12:13 AM
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virtual) near2
(address$4 identif$9
number sequence
location)))) WITH (bit$1
byte$1 field$1
sub$1field$1) AND
(G086F12/$6 OR
GO06F3/06%6 OR
G06F2212/$6).cpc.
NOT (radian).as.
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In The Claims.

Please amend the claims as set forth below. This listing replaces all prior listings.

1. (Currently Amended) A storage device comprising:

flash memory having physical erase units; and

circuitry to receive incoming data access requests and, for each of the incoming data access

requests, accompanying address information, wherein said circuitry is to:

derive, from the accompanying address information, a first address portion, a second
address portion and a third address portion,

identify an addressed block device from the first address portion,

identify an addressed segment within the addressed block device from the second address
portion, and

identify an addressed storage location within the addressed segment from the third address
portion,

wherein the circuitry is to use a division operation to identify a logical erase unit within the
addressed segment,

wherein the circuitry is to identify one of the physical erase units that corresponds to the

identified logical erase unit;

wherein the storage device is to detect a failure condition of the physical erase units and is to

remap each logical erase unit which corresponds to one of the physical erase units for
which the failure condition is detected to instead correspond to one of the physical erase
units for which the failure condition has not been detected and is to utilize the remapped

correspondence to service one or more of the incoming data access requests.

2. (Currently Amended) The storage device of claim 1 wherein:

N said circuitry comprises at least one processor; and

A\

{the storage device further comprises instructions stored on at least one physical storage medium,

said instructions when executed to control the at least one processor .

3. (Currently Amended) The storage device of claim 1 wherein:

the incoming data access requests are read requests received from a host;

the storage device can receive a write request from the host, wherein the circuitry is to, for the

received write request, derive a first address portion, a second address portion and a third
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address portion, identify an addressed block device from the first address portion, identify
an addressed segment within the addressed block device from the second address portion,
identify a corresponding logical erase unit from the third address portion and identify a
physical erase unit which is mapped to the corresponding logical erase unit;

the storage drive is to, in association with fulfillment of the received write request, identify a
physical storage location in which associated write data has been stored and which is
associated with the corresponding logical erase unit, and to transmit information
representing an address value to the host corresponding to the identified physical storage
location; and

for one of the read requests which is directed to data which has been written into the flash memory
pursuant to the received write request, at least one of the first address portion, the second
address portion or the third address portion associated with the one of the read requests is
dependent on the address value which has been transmitted to the host in association with
the data which has been written into the flash memory pursuant to the received write

request.

4. (Original) The storage device of claim 1 wherein:
the storage device is to receive a maintenance request from a host which addresses a block device
and a segment within the block device addressed by the maintenance request; and
the storage device comprises circuitry to erase, in association with execution of the maintenance
request, one or more of the physical erase units which are mapped to the segment

addressed by the maintenance request.

5. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
in connection with a given one of the incoming data access requests, the circuitry is to:

N
\\\\\\\‘§\\§§\\\ identify and retrieve a look-up table specific to the addressed block device which was
\\

Wy

identified from the first address portion derived from the given one of the incoming
data access requests, and

identify a physical storage location in the flash memory dependent on the look-up table.

6. (Original) The storage device of claim 1 wherein:
the storage device further comprises circuitry to track metadata for the addressed segment, where

said metadata indicates an extent to which memory comprising at least one of the physical
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erase units mapped to the addressed segment can continue to receive additional write data
without being erased; and
the storage device further comprises circuitry to transmit information to a host dependent on said

tracked metadata.

7. (Original) The storage device of claim 1 wherein:

the incoming data access requests are read requests received from a host;

the storage device can receive write requests from the host, and the storage device comprises
circuitry to issue commands to the flash memory in fulfillment of the write requests;

the storage device is to assign an address value in association with fulfillment of each of the write
requests, in order to identify a physical storage location in which associated write data has
been stored, and comprises circuitry to transmit information representing each assigned
address value to the host; and

for one of the incoming data access requests which is directed to data which has been written into
the flash memory pursuant to one of the write requests, the addressed storage location
identified from the third portion is dependent on the assigned address value which was

transmitted to the host in association with the one of the write requests.

8. (Currently Amended) The storage device of claim 1 wherein:

the storage device can receive a request from a host to copy host-selected data from a first storage
location in flash memory to a second storage location in the flash memory, and the storage
device comprises circuitry to issue commands to the flash memory, in response to the
request from the host to copy, to read the host-selected data from the first storage location
in the flash memory and write the host-selected data to the second storage location in the
flash memory without sending the data being copied to the host; and

the request from the host to copy is to designate destination address information corresponding to

\

QA the second storage location, wherein the storage device is to identify from the destination

N

A

address information a destination block device and an addressed segment within the
destination block device, and wherein the second storage location corresponds to the

addressed segment within the destination block device.

9. (Currently Amended) The storage device of claim 8 wherein the storage device is to identify from the
destination address information a destination logical erase unit and is to select the second storage location

in dependence on the identified destination logical erase unit.
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10. (Original) The storage device of claim 1 wherein the storage device is to store information identifying a
number of structures in the flash memory and is to transmit the information identifying the number of
structures to a host, wherein the host is to issue at least one request to the storage device in which the at
least one request is dependent on the information transmitted to the host identifying the number of
structures, and wherein the storage device comprises circuitry to fulfill the at least one request by issuing
commands to the flash memory for which a quantum of flash memory selected by the commands which are
issued in response to the at least one request is dependent on the information transmitted to the host

identifying the number of structures.

11. (Original) The storage device of claim 10 wherein the information transmitted to the host identifying the

number of structures identifies an amount of flash memory that is to be erased as a unit.

12. (Original) The storage device of claim 1 wherein the @&Nssed ent corresponds to an integer

number of physical erase units for which the failure con

portion specifies a location within a sequential range of loc

physical erase units. \\\
A

13. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, the metadata representing a time since one or more physical storage
locations associated with the one of the block devices has been a subject of a write
\\ operation,
\\ § \§compare the metadata to at least one threshold,
\\\\\ XN upon detection that specific metadata has satisfied the one or more thresholds, copy data
\\\\\\ stored at one of the one or more physical storage locations associated with the
specific metadata from a first one of the physical erase units for which the failure
condition has not been detected by said storage device to a second one of the
physical erase units for which the failure condition has not been detected by said
storage device, and

remap the logical erase unit corresponding to the first one of the physical erase units for

which the failure condition has not been detected by said storage device to the

Application No. 17/479444 -5- Samsung X 01002VPA5849Y of 265



second one of the physical erase units for which the failure condition has not been

detected by said storage device.

14. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata is dependent on an erase count of
associated physical memory space,
compare the metadata to at least one threshold,
upon detection that specific metadata has satisfied the one or more thresholds, copy data
stored at one of the one or more physical storage locations associated with the
specific metadata from a first one of the physical erase units for which the failure
condition has not been detected by said storage device to a second one of the
physical erase units for which the failure condition has not been detected by said
storage device, and
remap the logical erase unit corresponding to the first physical erase unit for which the
failure condition has not been detected by said storage device to the second
physical erase unit for which the failure condition has not been detected by said

storage device.

15. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to:

\store metadata on an independent basis for flash memory associated with each one of the

7z

block devices, the metadata representing a time since one or more physical storage

W\
\\\\\\\‘§\\§§\\\ locations associated with the one of the block devices has been a subject of a write
N R
N

“wy
#

Uy

operation,

compare the metadata to at least one threshold, and

responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information
conveys address information for data stored at one of the one or more physical

storage locations associated with the specific metadata.
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16. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, and
receive a query, issued by a host device, and responsive to the query, compare the
metadata to at least one threshold, to identify specific metadata, and transmit
information to the host device wherein such transmitted information conveys
address information for data stored at one of the one or more physical storage

locations associated with the specific metadata.

17. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata represents an erase count of associated
physical memory space, and
receive a query, issued by a host device, wherein said query is specific to one of the block
devices, and responsive to the query, identify specific metadata, associated with the

specified one of the block devices, and transmit information to the host device that

conveys the specific metadata.

18. (Currently Amended) The storage device of claim 1 wherein:

the flash memory is to have block devices, including the addressed block device; and

the storage device further comprises circuitry to:

NS

store metadata on an independent basis for flash memory associated with each one of the

“ N
\ N

\\\\\\\‘§\\§§\\\ block devices, wherein the stored metadata represents an erase count of associated
N R

A\

7
ay
V2

Uy

physical memory space, and

compare the metadata to at least one threshold, and

responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information
conveys address information for data stored at one of the one or more physical

storage locations associated with the specific metadata.
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19. (Original) The storage device of claim 1 wherein:
the flash memory comprises multiple planes; and
the storage device is to, for each one of a set of the incoming data access requests having
sequential addressing, identify a commonly addressed page and write data accompanying
the set of incoming data access requests concurrently into respective ones of the multiple

planes.

20. (Original) The storage device of claim 1 wherein the division operation is applied to subdivide the third

address portion into respective first and second bit fields.

21. (Currently Amended) A storage device comprising:
flash memory, the flash memory to have one or more block devices at a hierarchically-superior
level, segments within each of the block devices at a hierarchically-intermediate level, and
addressable storage locations within each of the segments at a hierarchically-inferior level,
each segment including a mutually exclusive set of one or more logical erase units that each
map to a physical erase unit, each segment being associated with only one of the block
devices, each logical erase unit being associated with only one of the segments; and
circuitry to receive incoming data access requests and, for each of the incoming data access
requests, accompanying address information, wherein said circuitry is to:
derive, from the accompanying address information, a first address portion, a second
address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second address
portion, and

\identify an addressed storage location within the addressed segment from the third address

N

AW

7
%

3

s

portion,

N
\\\\\\\\\\\\\\\\ wherein the circuitry is to use a division operation to identify a logical erase unit within the
N

¥ Z

4
“wy

Uy

addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to
remap each logical erase unit which corresponds to one of the physical erase units for

which the failure condition is detected to instead correspond to one of the physical erase

Application No. 17/479444 -8- SamsungZ XN 01002VPLEE52 of 265



units for which the failure condition has not been detected and is to utilize the remapped

correspondence to service one or more of the incoming data access requests.

22. (Currently Amended) A storage device comprising:
flash memory, the flash memory to have one or more block devices at a hierarchically-superior
level, segments within each of the block devices at a hierarchically-intermediate level, and
addressable storage locations within each of the segments at a hierarchically-inferior level,
each segment including a mutually exclusive set of one or more logical erase units that each
map to a physical erase unit, each segment being associated with only one of the block
devices, each logical erase unit being associated with only one of the segments;
circuitry to receive incoming data read requests and incoming data write requests and, for each of
the incoming data read requests and incoming data write requests, accompanying address
information, wherein said circuitry is to, for each of the incoming data read requests:
derive, from the accompanying address information, a first address portion, a second
address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second address
portion, and
identify an addressed storage location within the addressed segment from the third address
portion,
wherein the circuitry is to use a division operation to identify a logical erase unit within the
addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;
wheFein the storage device is to detect a failure condition of the physical erase units and is to
remap each logical erase unit which corresponds to one of the physical erase units for
\

QA which the failure condition is detected to instead correspond to one of the physical erase

N

A

units for which the failure condition has not been detected and is to utilize the remapped
correspondence to service one or more of the incoming data access requests; and
wherein said circuitry is to, for each of the incoming data write requests:
derive, from the accompanying address information, an associated first address portion, an
associated second address portion and an associated third address portion,

identify an addressed block device from the associated first address portion,
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identify an addressed segment within the addressed block device from the associated
second address portion,

identify a write destination logical erase unit from the associated third address portion, and
identify a physical erase unit which is mapped to the write destination logical erase
unit,

identify a physical storage location in which associated write data is to be stored and which
is associated with the write destination logical erase unit, and an address value
associated with the physical storage location in which the associated write data is to
be stored; and

transmit information to a host representing the address value;

wherein for one of the read requests which is directed to data which has been written into the flash

memory pursuant to one of the write requests, at least one of the first address portion, the

second address portion or the third address portion associated with the one of the read

requests is dependent on the address value which has been transmitted to the host in

association with the data which has been written into the flash memory pursuant to one of

the write requests.

23. (Currently Amended) A method of operation in a storage device having flash memory, the flash memory
having physical erase units, and circuitry, the method comprising:
receiving incoming data access requests with the circuitry, wherein each of the incoming data
access requests is accompanied by address information;
with the circuitry, processing the incoming address information to, for each of the incoming data
access requests:
derive a first address portion, a second address portion and a third address portion,
\identify an addressed block device from the first address portion,

N

N\
identify an addressed segment within the addressed block device from the second address

ad s
\\\\\\\\\\\\\\\\\\ portion,
TN

identify an addressed storage location within the addressed segment from the third address

7
%

3

&
Y

Uy

portion,
perform a division operation to identify a logical erase unit within the addressed segment,
and
identify one of the physical erase units that corresponds to the identified logical erase unit;
wherein the method further comprises causing the storage device to detect a failure condition of

the physical erase units, to remap each logical erase unit which corresponds to one of the
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physical erase units for which the failure condition is detected to instead correspond to one
of the physical erase units for which the failure condition has not been detected and to

utilize the remapped correspondence to service one or more of the incoming data access

requests.

N
N
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REMARKS

In the Office Action mailed February 1, 2022, the Examiner issued a number of objections, a
rejection under 35 USC 101 and a rejection under 35 USC 112, second paragraph. It is noted that the
Examiner did not reject claims 1, 4-7, 10-12 or 15-23, and indeed, the Examiner found these claims to be
allowable; see the discussion at pages 2-3 of the Office Action.

Applicant respectfully requests reconsideration in view of the amendments set forth above.

In an attempt to facilitate ease of discussing each position of the Offl%&\&@, Applicant
RN

AW
sequentially addresses each of the Examiner's positions below using numbered pa ag@ph \\\\

\
1. Objection, claims 1, 21-22. At pages 3-4 of the Office Actlon\ & xaminer objects to each

\\\\\\\\\\\\

independent claim and requires Applicant to change the wording to WIV ite "incoming... requests;"

t this objection, and it is therefore

2. Objection, claim 5. At page 4 of the Office Ac ~

\\\\

given one" and absence of a second colon, asserts that this
agree with the Examiner's position, i.e., "a given «has alrea n introduced in the claim, only once,

and it is therefore not ambiguous what "the glven " Q' SimiIarIy, absence of a second colon does

///
%,
”///
K

&

not create confusion in the claim, |®\\\ \MPEP§8 01(m), which indicates that indentation, not the
presence or absence of second, thire ad&l\al co\ms is the way to demark respective claim features;

SN \\\\“

since the claims are aIreaQa&\ rly nted it is unnecessary to add further punction marks.?

3. Objection, %\\

requires the \ n of a second coIon Once again, this would seem to be insistence on the Examiner own
\\\\\ \\\

\g\@we Ex\a\mlner appears to be focusing on her own grammatical stylistic preferences rather than a clarity issue.

7

N
Int , a claim is a sentence, and there are many who believe that proper English grammar admits of
only or§ on per claim, e.g., to demark a subordinate clause or separate a list from a primary sentence
topic. See, hitps:/fwww owipoini/edocs/mdocsfaspacfendwins ip phi 18/wipe in phi 16 15.ndf (a patent
claim is a single sentence with a colon separating a transitional phrase from the claim body, see, e.g., p. 24).
Applicant also refers the Examiner to MPEP 608.01(m), which states that "there is no set statutory form for
claims," "the present Office practice is to insist that each claim must be the object of a sentence starting
with "I (or we) claim," and "[w]here a claim sets forth a plurality of elements or steps, each element or step
of the claim should be separated by a line indentation." Thus, the PTO Rules suggest that the primary way
to clearly separate respective elements is by line indentation, not by inserting colons at multiple places
within a claim. Thus, Applicant disagrees with the Examiner that colons are needed as implied by the Office
Action. As noted however, in order to advance prosecution, Applicant has complied with the Examiner's
request, by adding the requested colons.

77
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grammatical stylistic preferences rather than addressing a clarity or language issue, i.e., see the footnote
above. Nevertheless however, in order to advance prosecution, Applicant has complied with the Examiner's
request, by adding the requested colons. Itis consequently requested that this objection be withdrawn.

4, Rejection, 35 USC 112(b), claim 2. At pages 4-5 of the Office Action, the Examiner rejects claim 2 as

allegedly indefinite, because it is not clear to the Examiner whether the recited instructions control all of or
part of the circuitry of claim 1. This rejection is traversed; ALL integrated circuits are made up of

combinations and permutations of transistors, gates, and other structures. Similarly, all microprocessors

feature "some" circuit elements (e.g., an ESD structure on an input pin) that are not conf| @y software.
N Q\\\

In this regard, claim 2 simply recites that the circuitry of claim 1 can, in soe e&b iments, be

2/
oy

implemented to include software and processor or other hardware that is config §\the software. This

/////
e

is what the term "comprises" means, e.g., as contrasted with "consists of Y\ respectfully submitted that
§\\ \\\\\

claim 2 would be readily understood by those having skill in the art sw& hat the "circuitry" of claim

1 can, within the more detailed subject matter circumscribed b 5 2, mcIude a processor/configurable

hardware and instructions (e.g., software) that configured t(@roces

\\\

configurable hardware. With all

due respect, there will always, in any implementati ome" cir “Fy (e.g., a ground pin) not

“u,

L\&ige of the term "circuitry." Based on the foregoing,
—f

tfully requested.

reconsideration of this groum&
N

5 Rejection, 35 US icant has amended the claim in question in a manner that
should moot this re reconsideration is therefore here also requested
6. Rejection, SH; X 8-9. At pages 5-6 of the Office Action, the Examiner rejects these
claims, asser\ t "[t]he claim is confusing regarding what a storage location entails, the end of claim 8
AN
states\a Qghys@l orage location corresponds to an addressed segment but preceding claim 1 states an
A
addr@s X orage location is withing an addressed segment." With all due respect to the Examiner, one of
ALY

ordinary sk|II in the art would not be confused by the preexisting claim language, i.e., it would be
understood by those of ordinary skill in the art that an addressed storage location need not be a specific
physical location (e.g., it can be a logical location that is mapped to a specific physical location), and it is not
the function of the claims to explain what would already be understood by those having ordinary skill in the

art.
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Nevertheless, and without acquiescing to the Examiner's position, Applicant notes that it has
amended the claims in a manner that is believed both to simplify claim language and moot this rejection.
Therefore, reconsideration is respectfully requested.

7. Rejection, 35 USC 112(b), claims 13-14. At pages 6-7 of the Office Action, the Examiner rejects

claims 13-14, ostensibly because the Examiner is confused by the language "for which the failure condition
has not been detected." More specifically, the Examiner reasons that: "[t]he terminology 'for which the

failure condition has not been detected' does not specify if the circuitry of claim 1 communicates to the

M
circuitry of claim 13 determines failure conditions in physical erase units, or if the st \@ewce from
\\\\\“

parent claim 1 communicates to the circuitry of claim 13...." \\

R
N
With all due respect, the Examiner is reading too much into the claim. CIN s that the claimed

Z

//
’f//////

////

storage drive detects failure conditions in physical erase units and remap %ca erase units (i.e., that can
\\\\\\\\

Applicant's disclosure, the

A
be individually addressed as a unit) to new physical erase units; as |§\\§\g

s 13-14 recite a different operation,

////

claim 1 already recites the process that detects bad units, I Shere is no need to redundantly specify who

or what detects physical erase units as bad, sm Ncus
N

\\\\ N
\\\\\

\\\\\

Nevertheless, Applicant has a8 the c ims to’ reflne this clause to recite
N

gse claims is operations performed on
D
those units which have not been determined to be

. had not been

moot the Examiner's issue. Reconsideration and

withdrawal of this ground of J€ i fore respectfully requested.
\\\\\\\ >

8. Rejection, 35 US\ S

as allegedly constit tory s@bject matter. Applicant notes that this issue has been thoroughly
\\\\\
discussed in the s \nd need not be discussed again herein in detail - a claim is not

R

Qopli
s AN h
"directed" t0§§§@tutory subJect ‘matter unless a claim as a whole is determined to be so directed, which
NN W
cannot b the%
%
staty \\@bject matter structure, from one or more claims on which it dependents); furthermore,

Mor a dependent claim only (i.e., which inherits structure, including without limitation, all

"nontr§1sitory" is expressly defined in the specification so as to refer exclusively to physical media.
Nevertheless, to advance prosecution, Applicant has changed the language in question to refer to at least
one PHYSICAL storage medium. It is respectfully submitted that this change should moot the Examiner's

issue, and therefore reconsideration and withdrawal of this rejection is respectfully requested.
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CONCLUSION.

For the various reasons set forth above, Applicant respectfully requests reconsideration, with a
favorable eye toward allowance. As this particular application has track one status, it is respectfully
requested that if the Examiner still has issues (e.g., objections to claim language or rejections based on
language or otherwise), the Examiner telephone the undersigned so as to discuss by interview, e.g., so that
this application can be prosecuted in a streamlined manner.

Consequently, if PTO personnel have any questions are concerns regarding the foregoing, they are

L N
requested to telephone or email Applicant's attorney using the contact information set fo &@w
NN\

\ Q.
\\\\\\\\E\\\\\\\\
A N

N
N
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In The Claims.

Please amend the claims as set forth below. This listing replaces all prior listings.

1. (Currently Amended) A storage device comprising:

flash memory having physical erase units; and

circuitry tofereach-ef receive incoming data access requests_and, for each of the incoming data

access requests, accompanying address information, wherein said circuitry is to:

derive, from the accompanying address information, a first address portion, a second

address portion and a third address portion,

identify an addressed block device from the first address portion,

identify an addressed segment within the addressed block device from the second address
portion, and

identify an addressed storage location within the addressed segment from the third address
portion,

wherein the circuitry is to use a division operation to identify a logical erase unit within the
addressed segment,

wherein the circuitry is to identify one of the physical erase units that corresponds to the

identified logical erase unit;

wherein the storage device is to detect a failure condition of the physical erase units and is to

remap each logical erase unit which corresponds to one of the physical erase units for
which the failure condition is detected to instead correspond to one of the physical erase
units for which the failure condition has not been detected and is to utilize the remapped

correspondence to service one or more of the incoming data access requests.

2. (Currently Amended) The storage device of claim 1 wherein:

said circuitry comprises at least one processor; and

the storage device further comprises instructions stored on at least one nren-transiteryphysical

storage medium, said instructions when executed to control the at least one processor se-as

"

3. (Currently Amended) The storage device of claim 1 wherein:

the incoming data access requests are read requests received from a host;
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the storage device can receive a write request from the host, wherein the circuitry is to, for the
received write request, derive a first address portion, a second address portion and a third
address portion, identify an addressed block device from the first address portion, identify
an addressed segment within the addressed block device from the second address portion,
identify a corresponding logical erase unit from the third address portion and identify a
physical erase unit which is mapped to the corresponding logical erase unit;

the storage drive is to, in association with fulfillment of the received the-write request, identify a
physical storage location in which associated write data has been stored and which is
associated with the corresponding logical erase unit, and to transmit information

representing an the—assignred-address value to the host _corresponding to the identified

physical storage location; and

for one of the read requests which is directed to data which has been written into the flash memory
pursuant to the received write request, at least one of the first address portion, the second
address portion or the third address portion associated with the one of the read requests is
dependent on the assigned-address value which has been transmitted to the host in
association with the data which has been written into the flash memory pursuant to the

received write request.

4. (Original) The storage device of claim 1 wherein:
the storage device is to receive a maintenance request from a host which addresses a block device
and a segment within the block device addressed by the maintenance request; and
the storage device comprises circuitry to erase, in association with execution of the maintenance
request, one or more of the physical erase units which are mapped to the segment

addressed by the maintenance request.

5. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
in connection with a given one of the incoming data access requests, the circuitry is te-to:
identify and retrieve a look-up table specific to the addressed block device which was
identified from the first address portion derived from the given one of the incoming

data access requests, and iste

identify a physical storage location in the flash memory dependent on the look-up table.

6. (Original) The storage device of claim 1 wherein:
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the storage device further comprises circuitry to track metadata for the addressed segment, where
said metadata indicates an extent to which memory comprising at least one of the physical
erase units mapped to the addressed segment can continue to receive additional write data
without being erased; and

the storage device further comprises circuitry to transmit information to a host dependent on said

tracked metadata.

7. (Original) The storage device of claim 1 wherein:

the incoming data access requests are read requests received from a host;

the storage device can receive write requests from the host, and the storage device comprises
circuitry to issue commands to the flash memory in fulfillment of the write requests;

the storage device is to assign an address value in association with fulfillment of each of the write
requests, in order to identify a physical storage location in which associated write data has
been stored, and comprises circuitry to transmit information representing each assigned
address value to the host; and

for one of the incoming data access requests which is directed to data which has been written into
the flash memory pursuant to one of the write requests, the addressed storage location
identified from the third portion is dependent on the assigned address value which was

transmitted to the host in association with the one of the write requests.

8. (Currently Amended) The storage device of claim 1 wherein:

the storage device can receive a request from a host to copy host-selected data from ere-a first
storage location in flash memory to arethera second storage location in the flash memory,
and the storage device comprises circuitry to issue commands to the flash memory, in
response to the request from the host to copy, to read the host-selected data from a-first
physieal-the first storage location in the flash memory and write the host-selected data to
thea second physical-storage location in the flash memory without sending the data being
copied to the host; and

the request from the host to copy is to designate destination address information corresponding to
the second physical-storage location, wherein the storage device is to identify from the
destination address information a destination block device and an addressed segment
within the destination block device, and wherein the second physical-storage location

corresponds to the addressed segment within the destination block device.
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9. (Currently Amended) The storage device of claim 8 wherein the storage device is to identify from the
destination address information a destination logical erase unit and is to select the second physieal-storage

location in dependence on the identified destination logical erase unit.

10. (Original) The storage device of claim 1 wherein the storage device is to store information identifying a
number of structures in the flash memory and is to transmit the information identifying the number of
structures to a host, wherein the host is to issue at least one request to the storage device in which the at
least one request is dependent on the information transmitted to the host identifying the number of
structures, and wherein the storage device comprises circuitry to fulfill the at least one request by issuing
commands to the flash memory for which a quantum of flash memory selected by the commands which are
issued in response to the at least one request is dependent on the information transmitted to the host

identifying the number of structures.

11. (Original) The storage device of claim 10 wherein the information transmitted to the host identifying the

number of structures identifies an amount of flash memory that is to be erased as a unit.

12. (Original) The storage device of claim 1 wherein the addressed segment correspondsto an integer
number of physical erase units for which the failure condition has not been detected, and the third address
portion specifies a location within a sequential range of locations that correspond to the integer number of

physical erase units.

13. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry e-to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, the metadata representing a time since one or more physical storage
locations associated with the one of the block devices has been a subject of a write
operation,
compare the metadata to at least one threshold,
upon detection that specific metadata has satisfied the one or more thresholds, copy data
stored at one of the one or more physical storage locations associated with the
specific metadata from a first one of the physical erase units for which the failure

condition has not been detected by said storage device to a second one of the
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physical erase units for which the failure condition has not been detected_by said
storage device, and
remap the logical erase unit corresponding to the first one of the physical erase unitsunit

for which the failure condition has not been detected by said storage device to the

second one of the physical erase unit-units for which the failure condition has not

been detected by said storage device.

14. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry e-to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata is dependent on an erase count of
associated physical memory space,
compare the metadata to at least one threshold,
upon detection that specific metadata has satisfied the one or more thresholds, copy data
stored at one of the one or more physical storage locations associated with the
specific metadata from a first one of the physical erase units for which the failure

condition has not been detected by said storage device to a second one of the

physical erase units for which the failure condition has not been detected by said
storage device, and
remap the logical erase unit corresponding to the first physical erase unit for which the

failure condition has not been detected by said storage device to the second

physical erase unit for which the failure condition has not been detected by said

storage device.

15. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry te-to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, the metadata representing a time since one or more physical storage
locations associated with the one of the block devices has been a subject of a write
operation,

compare the metadata to at least one threshold, and
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responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information
conveys address information for data stored at one of the one or more physical

storage locations associated with the specific metadata.

16. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry e-to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, and
receive a query, issued by a host device, and responsive to the query, compare the
metadata to at least one threshold, to identify specific metadata, and transmit
information to the host device wherein such transmitted information conveys
address information for data stored at one of the one or more physical storage

locations associated with the specific metadata.

17. (Currently Amended) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry e-to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata represents an erase count of associated
physical memory space, and
receive a query, issued by a host device, wherein said query is specific to one of the block
devices, and responsive to the query, identify specific metadata, associated with the

specified one of the block devices, and transmit information to the host device that

conveys the specific metadata.

18. (Currently Amended) The storage device of claim 1 wherein:

the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry te-to:
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata represents an erase count of associated
physical memory space, and

compare the metadata to at least one threshold, and
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responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information
conveys address information for data stored at one of the one or more physical

storage locations associated with the specific metadata.

19. (Original) The storage device of claim 1 wherein:

the flash memory comprises multiple planes; and

the storage device is to, for each one of a set of the incoming data access requests having

sequential addressing, identify a commonly addressed page and write data accompanying
the set of incoming data access requests concurrently into respective ones of the multiple

planes.

20. (Original) The storage device of claim 1 wherein the division operation is applied to subdivide the third

address portion into respective first and second bit fields.

21. (Currently Amended) A storage device comprising:

flash memory, the flash memory to have one or more block devices at a hierarchically-superior

level, segments within each of the block devices at a hierarchically-intermediate level, and
addressable storage locations within each of the segments at a hierarchically-inferior level,
each segment including a mutually exclusive set of one or more logical erase units that each
map to a physical erase unit, each segment being associated with only one of the block

devices, each logical erase unit being associated with only one of the segments; and

circuitry tofereach-ef receive incoming data access requests_and, for each of the incoming data

access requests, accompanying address information, wherein said circuitry is to:

derive, from the accompanying address information, a first address portion, a second

address portion and a third address portion,

identify an addressed block device from the first address portion,

identify an addressed segment within the addressed block device from the second address
portion, and

identify an addressed storage location within the addressed segment from the third address
portion,

wherein the circuitry is to use a division operation to identify a logical erase unit within the

addressed segment,
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wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;

wherein the storage device is to detect a failure condition of the physical erase units and is to

remap each logical erase unit which corresponds to one of the physical erase units for

which the failure condition is detected to instead correspond to one of the physical erase

units for which the failure condition has not been detected and is to utilize the remapped

correspondence to service one or more of the incoming data access requests.

22. (Currently Amended) A storage device comprising:
flash memory, the flash memory to have one or more block devices at a hierarchically-superior
level, segments within each of the block devices at a hierarchically-intermediate level, and
addressable storage locations within each of the segments at a hierarchically-inferior level,
each segment including a mutually exclusive set of one or more logical erase units that each
map to a physical erase unit, each segment being associated with only one of the block
devices, each logical erase unit being associated with only one of the segments;

circuitry to,fereach-of receive incoming data read requests_and incoming data write requests and,

for each of the incoming data read requests and incoming data write requests,

accompanying address information, wherein said circuitry is to, for each of the incoming

data read requests:

derive, from the accompanying address information, a first address portion, a second

address portion and a third address portion,

identify an addressed block device from the first address portion,

identify an addressed segment within the addressed block device from the second address
portion, and

identify an addressed storage location within the addressed segment from the third address
portion,

wherein the circuitry is to use a division operation to identify a logical erase unit within the
addressed segment,

wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;

wherein the storage device is to detect a failure condition of the physical erase units and is to
remap each logical erase unit which corresponds to one of the physical erase units for

which the failure condition is detected to instead correspond to one of the physical erase
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units for which the failure condition has not been detected and is to utilize the remapped
correspondence to service one or more of the incoming data access requests; and
wherein said circuitry is to, for each of the incoming data writerequests; requests:

derive, from the accompanying address information, an associated first address portion, a

an associated second address portion and a-an associated third address portion,

identify an addressed block device from the associated first address portion,

identify an addressed segment within the addressed block device from the associated
second address portion,

identify a write destination logical erase unit from the associated third address portion, and
identify a physical erase unit which is mapped to the write destination logical erase
unit,

identify a physical storage location in which associated write data is to be stored and which
is associated with the write destination logical erase unit, and an address value
associated with the physical storage location in which the associated write data is to
be stored; and

transmit information to a host representing the address value;

wherein for one of the read requests which is directed to data which has been written into the flash

memory pursuant to one of the write requests, at least one of the first address portion, the

second address portion or the third address portion associated with the one of the read

requests is dependent on the address value which has been transmitted to the host in

association with the data which has been written into the flash memory pursuant to one of

the write requests.

23. (Currently Amended) A method of operation in a storage device having flash memory, the flash memory
having physical erase units, and circuitry, the method eemprising-comprising:
receiving foreach-efincoming data accessreqguests; requests with the circuitry, wherein each of the

incoming data access requests is accompanied by address information;

with the circuitry, processing the incoming address information to, for each of the incoming data

access requests:

deriving-derive a first address portion, a second address portion and a third address portion,
identify identifying-an addressed block device from the first address portion,
identifying—identify an addressed segment within the addressed block device from the

second address portion,
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identify identifying-an addressed storage location within the addressed segment from the
third address portion,

perform perferming-a division operation to identify a logical erase unit within the addressed
segment, and

identifyidentifying one of the physical erase units that corresponds to the identified logical
erase unit;

wherein the method further comprises detecting—causing the storage device to detect a failure

condition of the physical erase units, -and+remappirgto remap each logical erase unit which
corresponds to one of the physical erase units for which the failure condition is detected to
instead correspond to one of the physical erase units for which the failure condition has not
been detected and atiizing-to utilize the remapped correspondence to service one or more

of the incoming data access requests.
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REMARKS

In the Office Action mailed February 1, 2022, the Examiner issued a number of objections, a
rejection under 35 USC 101 and a rejection under 35 USC 112, second paragraph. It is noted that the
Examiner did not reject claims 1, 4-7, 10-12 or 15-23, and indeed, the Examiner found these claims to be
allowable; see the discussion at pages 2-3 of the Office Action.

Applicant respectfully requests reconsideration in view of the amendments set forth above.

Preliminarily, Applicant would like to thank the Examiner for an interview with the undersigned held
on March 29, 2022, at 1130 Pacific time. At that interview, the undersigned discussed the changes
effectuated by this amendment, as a draft, and it is believed that the Examiner agreed that these
amendments would overcome the objections and rejections of record and lead to allowance. The Examiner
is respectfully requested, should any issues remain, to telephone the undersigned using the contact
information set forth below, to effectuate compact resolution of any such issue.

In an attempt to facilitate ease of presenting each position of the Office Action, and Applicant's

response, Applicant sequentially addresses the outstanding issues below using numbered paragraphs.

1. Objection, claims 1, 21-22. At pages 3-4 of the Office Action, the Examiner objects to each

independent claim and requires Applicant to change the wording to positively recite "incoming... requests;"
Applicant has amended the claims in a manner calculated to moot this objection, and it is therefore
respectfully requested that this objection be reconsidered.

2. Objection, claim 5. At page 4 of the Office Action, the Examiner objects to use of the term "the

given one" and absence of a second colon, asserts that this claim is otherwise not clear. Applicant does not
agree with the Examiner's position, i.e., "a given one" has already been introduced in the claim, only once,
and it is therefore not ambiguous what "the given one" refers to. Similarly, absence of a second colon does
not create confusion in the claim, i.e., see MPEP 608.01(m), which indicates that indentation, not the
presence or absence of second, third or additional colons is the way to demark respective claim features;

since the claims are already properly indented, it is unnecessary to add further punction marks.!

The Examiner appears to be focusing on her own grammatical stylistic preferences rather than a clarity issue.
In this regard, a claim is a sentence, and there are many who believe that proper English grammar admits of
only one colon per claim, e.g., to demark a subordinate clause or separate a list from a primary sentence
topic. See, hitps:/fwww owipoint/edocs/mdocsfaspacfendwine ip phl 18/wipe in phi 16 15.ndf (a patent
claim is a single sentence with a colon separating a transitional phrase from the claim body, see, e.g., p. 24).
Applicant also refers the Examiner to MPEP 608.01(m), which states that "there is no set statutory form for
claims," "the present Office practice is to insist that each claim must be the object of a sentence starting
with "I (or we) claim," and "[w]here a claim sets forth a plurality of elements or steps, each element or step
of the claim should be separated by a line indentation." Thus, the PTO Rules suggest that the primary way
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Nevertheless, and although not needed from a clarity standpoint, Applicant notes that it has nevertheless
amended claim 5 in a manner calculated to moot this ground of objection.

3. Objection, claims 13-18. At page 4 of the Office Action, the Examiner objects to these claims and

requires the insertion of a second colon. Once again, this would seem to be insistence on the Examiner own
grammatical stylistic preferences rather than addressing a clarity or language issue, i.e., see the footnote
above. Nevertheless however, in order to advance prosecution, Applicant has complied with the Examiner's
request, by adding the requested colons. Itis consequently requested that this objection be withdrawn.

4, Rejection, 35 USC 112(b), claim 2. At pages 4-5 of the Office Action, the Examiner rejects claim 2 as

allegedly indefinite, because it is not clear to the Examiner whether the recited instructions control all of or
part of the circuitry of claim 1. This rejection is traversed; ALL integrated circuits are made up of
combinations and permutations of transistors, gates, and other structures. Similarly, all microprocessors
feature "some" circuit elements (e.g., an ESD structure on an input pin) that are not configured by software.
In this regard, claim 2 simply recites that the circuitry of claim 1 can, in some embodiments, be
implemented to include software and processor or other hardware that is configured by the software. This
is what the term "comprises" means, e.g., as contrasted with "consists of." It is respectfully submitted that
claim 2 would be readily understood by those having skill in the art simply to say that the "circuitry” of claim
1 can, within the more detailed subject matter circumscribed by claim 2, include a processor/configurable
hardware and instructions (e.g., software) that configured that processor/configurable hardware. With all
due respect, there will always, in any implementation, be "some" circuitry (e.g., a ground pin) not
configured by software/instructions, and one having skill in the art would not be confused by this claim
vernacular, i.e., the claim unambiguously recites that some portion of "the circuitry" of claim 1 is embodied
as a combination of general purpose circuitry and instructions/firmware/software.

So as to hopefully clarify the meaning of this language in the Examiner's eyes, Applicant has made
some minor amendments to claim 2 to delete second usage of the term "circuitry." Based on the foregoing,
reconsideration of this ground of rejection is respectfully requested.

5. Rejection, 35 USC 112(b), claim 3. Applicant has amended the claim in question in a manner that

should moot this rejection, and therefore, reconsideration is therefore here also requested.

6. Rejection, 35 USC 112(b), claims 8-9. At pages 5-6 of the Office Action, the Examiner rejects these

claims, asserting that "[t]he claim is confusing regarding what a storage location entails, the end of claim 8
states a physical storage location corresponds to an addressed segment but preceding claim 1 states an

addressed storage location is withing an addressed segment.” With all due respect to the Examiner, one of

to clearly separate respective elements is by line indentation, not by inserting colons at multiple places
within a claim. Thus, Applicant disagrees with the Examiner that colons are needed as implied by the Office
Action. As noted however, in order to advance prosecution, Applicant has complied with the Examiner's
request, by adding the requested colons.
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ordinary skill in the art would not be confused by the preexisting claim language, i.e., it would be
understood by those of ordinary skill in the art that an addressed storage location need not be a specific
physical location (e.g., it can be a logical location that is mapped to a specific physical location), and it is not
the function of the claims to explain what would already be understood by those having ordinary skill in the
art.

Nevertheless, and without acquiescing to the Examiner's position, Applicant notes that it has
amended the claims in a manner that is believed both to simplify claim language and moot this rejection.
Therefore, reconsideration is respectfully requested.

7. Rejection, 35 USC 112(b), claims 13-14. At pages 6-7 of the Office Action, the Examiner rejects

claims 13-14, ostensibly because the Examiner is confused by the language "for which the failure condition
has not been detected." More specifically, the Examiner reasons that: "[t]he terminology 'for which the
failure condition has not been detected' does not specify if the circuitry of claim 1 communicates to the
circuitry of claim 13 determines failure conditions in physical erase units, or if the storage device from
parent claim 1 communicates to the circuitry of claim 13...."

With all due respect, the Examiner is reading too much into the claim. Claim 1 says that the claimed
storage drive detects failure conditions in physical erase units and remaps logical erase units (i.e., that can
be individually addressed as a unit) to new physical erase units; as is taught by Applicant's disclosure, the
old physical erase units can then be marked as bad and not used. Claims 13-14 recite a different operation,
namely, that relocation of write cold data (or valid data in an erase unit) can be performed amongst the
remaining (good) physical erase units, i.e., those which have not been detected to be 'bad.' It is noted that
claim 1 already recites the process that detects bad units, i.e., there is no need to redundantly specify who
or what detects physical erase units as bad, since the focus of these claims is operations performed on
those units which have not been determined to be bad.?

Nevertheless, Applicant has amended the claims to refine this clause to recite "... had not been
detected by said storage device," which should hopefully moot the Examiner's issue. Reconsideration and
withdrawal of this ground of rejection is therefore respectfully requested.

8. Rejection, 35 USC 101, claim 2. Finally, at page 7 of the Office Action, the Examiner rejected claim 2

as allegedly constituting nonstatutory subject matter. Applicant notes that this issue has been thoroughly
discussed in the sister applications and need not be discussed again herein in detail - a claim is not
"directed" to nonstatutory subject matter unless a claim as a whole is determined to be so directed, which

cannot be the case for a dependent claim only (i.e., which inherits structure, including without limitation, all

%It is noted that these features are fully supported by the Specification as well as by the incorporated by
reference documents. For example, see paragraphs 19, 27-29, 38, 45 and 60-61 of the present Specification, FIGS. 1
and 9 of the present Specification, and FIGS. 3B and 10C, and supporting description, in incorporated by reference
document USPB 20140215129.
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statutory subject matter structure, from one or more claims on which it dependents); furthermore,
"nontransitory"” is expressly defined in the specification so as to refer exclusively to physical media.
Nevertheless, to advance prosecution, Applicant has changed the language in question to refer to at least
one PHYSICAL storage medium. It is respectfully submitted that this change should moot the Examiner's

issue, and therefore reconsideration and withdrawal of this rejection is respectfully requested.

CONCLUSION.

For the various reasons set forth above, Applicant respectfully requests reconsideration, with a
favorable eye toward allowance. As this particular application has track one status, it is respectfully
requested that if the Examiner still has issues {e.g., objections to claim language or rejections based on
language or otherwise), the Examiner telephone the undersigned so as to discuss by interview, e.g., so that
this application can be prosecuted in a streamlined manner.

Consequently, if PTO personnel have any questions are concerns regarding the foregoing, they are

requested to telephone or email Applicant's attorney using the contact information set forth below.

Respectfully submitted,
/Marc P. Schuyler/
Marc P. Schuyler, Reg. No. 35,675
marc@schuvlerlaweroup.com
408 655-6375
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Application/Control Number: 17/479,444 Page 2
Art Unit: 2133

DETAILED ACTION
1. Claims 1-23 are pending in this application.
2. Claims 2-3, 8-9 and 13-14 are rejected.

3. Claims 1, 4-7, 10-12 and 15-23 are objected to.

Notice of Pre-AlA or AIA Status
4. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AlA.

Information Disclosure Statement
5. The information disclosure statement (IDS) submitted on 9/20/2021 is in compliance with
the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being
considered by the examiner.
Allowable Subject Matter

6. As allowable subject matter has been indicated, applicant’s reply must either comply with
all formal requirements or specifically traverse each requirement not complied with. See 37
CFR 1.111(b) and MPEP § 707.07(a).
7. The following is a statement of reasons for the indication of allowable subject matter:

Claim 1 recites the limitation “circuitry to, for each of incoming data access requests,
derive a first address portion, a second address portion and a third address portion,

identify an addressed block device from the first address portion,

identify an addressed segment within the addressed block device from the second
address portion, and

identify an addressed storage location within the addressed segment from the third
address portion,

wherein the circuitry is to use a division operation to identify a logical erase unit within

Samsung Ex. 1002, Page 80 of 265



Application/Control Number: 17/479,444 Page 3
Art Unit: 2133

the addressed segment,

wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit’

Said limitation is taught by the specification of the instant application as originally filed at
least at [P. 0033, 0057-58, 0062-63 and FIGs. 8, 10 & 11]. Said limitations, in combination with
the other recited limitations of claim 1, are not taught or suggested by the prior art of record.

The closest prior art of record includes:

Smith et al. (U.S. PGPub No. 2014/0122781) which teaches obtaining address portions
from a received logical sector number using division, using the address values to identify a

section, block, page and page offset within flash memory but does not teach the second

address portion identifying a segment within the identified section, and a third address portion
identifying a storage location within the segment.

Manning et al. (U.S. PGPub No. 2016/0026564) which teaches using division and other
arithmetic operations on a received LBA to obtain address values that correspond to channels,

chip enables, logical units/dies and planes within flash memory but does not teach using

division to obtain an identifier for a logical erase block that corresponds to a physical erase
block.
Claims 21-23 depend from claim 1, and are considered allowable for at least the same

reasons as claim 1.

Claim Objections
8. Claims 1, 5, 13-18 and 21-22 are objected to because of the following informalities:
Claim 1 states “circuitry, for each of incoming data access requests” in line 3. This is
grammatically incorrect. Examiner suggests amending to include a positive recitation of
incoming data access requests (e.g. wherein the storage device receives a plurality of incoming

data access requests) prior to line 3, and amending line 3 to state “circuitry, for each of the

Samsung Ex. 1002, Page 81 of 265



Application/Control Number: 17/479,444 Page 4
Art Unit: 2133

incoming data access requests”. Claims 21-22 contain similar limitations to claim 1, and are
objected to for at least the same reasons as claim 1.
Claim 5 states “ The storage device of claim 1 wherein: the flash memory is to have

block devices, including the addressed block device; and in connection with a given one of the

incoming data access requests, the circuitry is to identify and retrieve a look-up table specific to

the addressed block device which was identified from the first address portion derived from the
given one and is to identify a physical storage location in the flash memory dependent on the
look-up table”. After “the circuitry is to”, the claim describes steps specific to a given one of the
incoming data access requests, and it would be more appropriate to state “the circuitry is to;:
identify and retrieve [...] to avoid confusion on which steps are performed for a specific
incoming data access request instead of all incoming data access requests. Additionally, the

claim is not specific on whether “the first address portion derived from the given one” is referring

to the given one of the incoming data access requests.

Claim 13 states “[...] the flash memory is to have block devices, including the addressed
block device; and the storage device further comprises circuitry to”, then lists functions
performed by the circuitry. It would be more appropriate to state “the storage device further
comprises circuitry to.” to attribute the following steps to said circuitry and not some other
component of the storage device. Claims 14-18 contain similar limitations to claim 13, and are
objected to at least the same reasons as claim 13.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

9. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
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The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

10. Claims 2-3, 8-9, and 13-14 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-
AlA), second paragraph, as being indefinite for failing to particularly point out and distinctly claim
the subject matter which the inventor or a joint inventor (or for applications subject to pre-AlA
35 U.S.C. 112, the applicant), regards as the invention.

Claim 2 states “wherein: said circuitry comprises at least one processor; and the storage
device further comprises instructions stored on at least one non-transitory storage medium, said
instructions when executed to control the at least one processor so as fo operate as special
purpose circuitry”. It is unclear how the special purpose circuitry is incorporated with the other
circuitry mentioned in parent claim 1, and if the special purpose circuitry is supposed to perform
the functions of the circuitry in parent claim 1 (i.e. deriving address portions for incoming data
access requests). If the special purpose circuitry is intended to perform the functions of the
other circuitry, it is unclear if this special purpose circuitry is meant to replace the circuitry
mentioned in parent claim 1 or operate in conjunction with said circuitry. It is necessary to define
what functions each component in the storage device performs, in order to determine the metes
and bounds of the claim.

Claim 3 recites the limitation "the assigned address value" in line 12. There is
insufficient antecedent basis for this limitation in the claim.

Claim 8 states “ The storage device of claim 1 wherein:

the storage device can receive a request from a host to copy host-selected data from

one storage location in flash memory to another storage location in the flash memory, and the

storage device comprises circuitry to issue commands to the flash memory, in response to the
request from the host to copy, to read the host-selected data from a first physical storage

location in the flash memory and write the host-selected data to a second physical storage

location in the flash memory without sending the data being copied to the host; and
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the request from the host to copy is to designate destination address information
corresponding to the second physical storage location, wherein the storage device is to identify
from the destination address information a destination block device and an addressed segment

within the destination block device, and wherein the second physical storage location

corresponds lo the addressed segment within the destination block device.” The claim is

confusing regarding what a storage location entails, the end of claim 8 states a physical storage
location corresponds to an addressed segment but preceding claim 1 states an addressed
storage location is within the addressed segment. The claim does not specify if physical storage
locations are different from addressed storage locations, and the specification does not offer
any clarity. Claim 9 depends from claim 8, and is rejected for at least the same reasons as
claim 8.

Claim 13 states “the storage device further comprises circuitry to[...]

compare the metadata to at least one threshold,

upon detection that specific metadata has satisfied the one or more thresholds, copy
data stored at one of the one or more physical storage locations associated with the specific

metadata from a first one of the physical erase units for which the failure condition has not been

detected to a second one of the physical erase units for which the failure condition has not been

detected’. The claim is vague regarding how “a first one of the physical erase units” and “a
second one of the physical erase units” are determined. Data is copied from a first physical
erase unit to a second physical erase unit in response to block device metadata satisfying a
threshold, however there are a plurality of erase units associated with each block device and the
claim is not specific on the amount of erase units having data copied to/from, or how the
circuitry selects erase units to copy data to/from. The terminology “for which the failure condition
has not been detected” does not specify if the circuitry of claim 13 determines failure conditions
in physical erase units, or if the storage device from parent claim 1 communicates to the

circuitry of claim 13 that certain physical erase units were not detected to have a failure
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condition. It is also unclear if all the physical erase units within a block device are evaluated for
the failure condition, and of the physical erase units that did not have failure conditions, it is
unclear which physical erase units are selected to copy data to and which physical erase units
are selected to copy data from. Claim 14 contains similar limitations to claim 13, and is rejected

for at least the same reasons as claim 13.

Claim Rejections - 35 USC § 101
11. 35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or
composition of matter, or any new and useful improvement thereof, may obtain a patent
therefor, subject to the conditions and requirements of this title.

Claim 2 is rejected under 35 U.S.C. 101 because the claimed invention is directed to
non-statutory subject matter. The claim(s) does/do not fall within at least one of the four
categories of patent eligible subject matter because the claim states “the storage device further

comprises instructions stored on at least one non-transitory storage medium, said instructions

when executed [...], however the applicants specification 0001 (between 0070 and 0071)
defines non-transitory machine-readable media “as used herein means any tangible (i.e.,

physical) storage medium, irrespective of how data on that medium is stored”. Paragraph 0001

also provides an example of non-transitory storage medium as stored on a distributed basis
using servers, which would include transmission of data using signals. Signals are not within

one of the four statutory categories.

Claim Construction
12. Claims 1-20 are directed a storage device, however claim 10 states “wherein the storage
device is to store information identifying a number of structures in the flash memory and is to

transmit the information identifying the number of structures to a host, wherein the host is to
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issue at least one request to the storage device in which the at least one request is dependent

on the information transmitted to the host identifying the number of structures”.
Actions performed by the host are not within the claim scope, as the host is claimed to
be part of the storage device and the storage device transmits information to the host in order to

communicate.

Conclusion
13. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure.
Lee et al. (U.S. PGPub No. 2008/0256287) teaches obtaining set, entry, page and sector

numbers from a received Logical sector address (LSA)

14. Any inquiry concerning this communication or earlier communications from the examiner
should be directed to STEPHANIE WU whose telephone number is (571)272-0257. The
examiner can normally be reached 11a-8p.

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, Jared Rutz can be reached on (571)272-5535. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:

https:/patentcenter.uspto.gov. Visit https:/www.uspto.gov/patents/apply/patent-center for more
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information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC) at
866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/STEPHANIE WU/
Examiner, Art Unit 2133
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L2

L3

1066

13

19578"["9542118"|"958
8904"|"9652376"|"9696
917"'9710377"|"97274
54"|"9785572"|"984654
1").PN.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G086F12/$6 OR
g06f3/06%5 OR
G06F2212/$6 ).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
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LS

L6

375

365

Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND L1
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3)) WITH
((divid$4 division
sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G086F12/$6 OR
GO06F3/06%6 OR
G06F2212/$6).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
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L7

L8

88

166

SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/0246 OR
g06f3/0688 ).cpc. NOT
(radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
GO06F12/1036 ).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
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L9

L10

13

169

group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
nearé (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
G06F12/1036 OR
GO06F3/0644).cpc. NOT
(radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND L1
NOT (radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
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SU, WO); FPRS; EPO:
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L11

L12

88

375

drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
G06F12/1036 OR
GO06F3/0644).cpc. NOT
(radian).as.

(hierarch$5 tier$3 level
tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/109 OR
GO06F12/1036 ).cpc.
NOT (radian).as.

(hierarch$5 tier$3 level

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT,;
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L14

23

tuple) same2
(partition$3 OR lun$1
OR Idev$1 OR vdev$1
OR sub$1space OR
((logical virtual) near2
(device flash $2ram
drive disk area region
group$3 cluster volume
extent $4array unit)) OR
(block NEAR (device
group$3 volume)) OR
((flash bank) NEAR
(group$3 cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G06F12/0246 OR
g06f3/0688 ).cpc. NOT
(radian).as.

L1 AND (partition$3 OR
lun$1 OR Idev$1 OR
vdev$1 OR sub$1space
OR ((logical virtual)
near2 (device flash
$2ram drive disk area
region group$3 cluster
volume extent $4array
unit)) OR (block NEAR
(device group$3
volume)) OR ((flash
bank) NEAR (group$3
cluster)) OR
((replication endurance)
NEAR group$3))
SAME2 ((divid$4
division sub$1divid$4
sub$1divis$4 divisor
modulo mod!) nearé
(address lba$1 Ibn$1
Ipa$1 Ipn$1 Isn$1 Isa$1
la! vba$1 vbn$1 vpa$1
vpn$1 vsn$1 vsa$1l va!
((logical virtual) near2
(address$4 identif$9
number sequence
location)))) NOT
radian.as.

USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)
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L15

279

(correspond$5
associat$5 identif$7
map$4 respectiv$3
within) WITH
(hierarch$5 tier$3 level
tuple) SAME ((divid$4
division sub$1divid$4
sub$1divis$4 divisor)
near2 (address Iba$1
Ibn$1 Ipa$1 Ipn$1 Isn$1
Isa$1 la! vba$1 vbn$1
vpa$1 vpn$1 vsn$1
vsa$1 va! ((logical
virtual) near2
(address$4 identif$9
number sequence
location)))) AND
(G086F12/$6 OR
GO06F3/06%6 ).cpc. NOT
(radian).as.

(US-PGPUB; USPAT:
USOCR: FIT (AP, AT,
AU, CA, CH, CN, DD,
DE, EA, EP, ES, FR,
GB, JP, KR, OA, RU,
SU, WO); FPRS; EPO:
JPO: IBM_TDB)

OR ON

ON

2022/01/13
12:49 AM

PE2E SEARCH - Search History (Interference)
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after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] 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 Marc P. Schuyler/ Date (YYYY-MM-DD) 2021-09-10
Name/Print Marc P. Schuyler Registration Number 35675

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.5.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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Receipt date: 08/20/2021 17/479,444 - GAU: 2133

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.5.C. 552) and the Privacy Act (5 U.5.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 record s.

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.

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.

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).

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.

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.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

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.

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.

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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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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO.
17/479,444 09/20/2021 Robert Lercari 2021050 / RMS08BC1 6305
73091 7590 12/09/2021 | EXAMINER
Marc P. Schuyler
P O Box 2535 CENTRAL, DOCKET

Saratoga, CA 95070

| ART UNIT | PAPER NUMBER
OPAP
| MAIL DATE | DELIVERY MODE
12/09/2021 PAPER

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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
17/479,444 Lercari et al.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
CHERYL P GIBSON OPET Yes
BAYLOR

1. THE REQUEST FILED 20 September 2021 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track ).
B. (J for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendmen mend th lication ntain more than f
independent claims. more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I o mmo O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at
(571)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

{CHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/479,444 09/20/2021 2133 1220 2021050 / RMS08BC1 23 4
CONFIRMATION NO. 6305
73091 CORRECTED FILING RECEIPT

S L A

Saratoga, CA 95070
Date Mailed: 10/12/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Robert Lercari, Thousand Oaks, CA;

Alan Chen, Simi Valley, CA;

Mike Jadon, Manhattan Beach, CA;

Craig Robertson, Simi Valley, CA;

Andrey V. Kuzmin, Moscow, RUSSIAN FEDERATION;
Applicant(s)

Radian Memory Systems, Inc., Manhattan Beach, CA;

Power of Attorney: The patent practitioners associated with Customer Number 73091

Domestic Priority data as claimed by applicant
This application is a CON of 16/808,304 03/03/2020
which is a CON of 15/690,006 08/29/2017 PAT 10642748
which is a CON of 15/074,778 03/18/2016 PAT 9785572
which is a CON of 14/880,529 10/12/2015 PAT 9542118
which claims benefit of 62/199,969 07/31/2015
and claims benefit of 62/194,172 07/17/2015
and claims benefit of 62/063,357 10/13/2014
and is a CIP of 14/848,273 09/08/2015 PAT 10642505
which claims benefit of 62/048,162 09/09/2014

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

Permission to Access Application via Priority Document Exchange: No
Permission to Access Search Results: No

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

If Required, Foreign Filing License Granted: 09/28/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/479,444

Projected Publication Date: Request for Non-Publication Acknowledged
Non-Publication Request: Yes

Early Publication Request: No
** SMALL ENTITY **
Title

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION ADDRESSING AND
DECOUPLED BAD BLOCK MANAGEMENT

Preliminary Class
711
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.
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Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

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

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

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

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

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

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

NOT GRANTED

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

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

CORRECTED ADS FORM

Application Number
17479444

Title of Invention

STORAGE DRIVE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE UNIT

Inventor Information

**|f no data is shown, no data has been corrected**

Data of Record Updated Data

Order Number

Name

Residence Information

Residency

City

State

Country of
Residence

Mailing Address of Inventor

Address 1

Address 2

City,State/Province,
Postal Code

Country
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Application Information

Data of Record

Updated Data

Title of Invention

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON

DIVISION ADDRESSING AND DECOUPLED BAD BLOCK

BASIS-OFLOGICALERASE-UNIT
MANAGEMENT
Attorney Docket
Number 2021050/ RMS08BC1
Entity Type
Small

Domestic Benefit/National Stage Information

**|f no data is shown, no data has been corrected**

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 this 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(a).

Data of Record

Updated Data

Prior Application Status

Application Number

Continuity Type

Prior Application
Number

Filing Date
(YYYY-MM-DD)

Patent Number

Issue Date
(YYYY-MM-DD)

Foreign Priority Information

Corrected ADS 1.0
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Document Description: Application Data Sheet to update/correct info

Doc Code: ADS.CORR

**|f no data is shown, no data has been corrected**

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

Data of Record

Updated Data

Application Number

Country

Filing Date

Access Code

Applicant Information

**|f no data is shown, no data has been corrected**
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.

Data of Record

Updated Data

Applicant Type

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

Name of the Deceased or
Legally Incapacitated
Inventor

Applicantis an
Organization

Name

Organization Name

Address 1

Address 2

Corrected ADS 1.0
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Email Address

Assignee Information including Non-Applicant Assignee Information

**|f no data is shown, no data has been corrected**
Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37 of
the CFR to have an assignment recorded in the Office

Data of Record Updated Data

Order

Applicantis an
Organization

Name

Organization Name

Mailing Address

Address 1

Address 2

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Email Address
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Signature

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b).

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

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

Signature Registration Number
/Marc P. Schuyler/ 35675

First Name Last Name
Marc Schuyler
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Electronic Acknowledgement Receipt

EFS ID: 43974005
Application Number: 17479444
International Application Number:
Confirmation Number: 6305

Title of Invention:

STORAGE DRIVE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE

UNIT

First Named Inventor/Applicant Name:

Robert Lercari

Customer Number:

73091

Filer:

Marc Philip Schuyler

Filer Authorized By:

Attorney Docket Number: 2021050 / RMS08BC1
Receipt Date: 07-0CT-2021
Filing Date: 20-SEP-2021
Time Stamp: 14:07:32

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
99990
1 Application Data She;et to update/ CorrectedADS.pdf no 5
corrECt info 32534610b3b8b104ca3fbc048bfead94badbi

Sca4
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Information:

Total Files Size (in bytes): 99990

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Electronic Acknowledgement Receipt

EFS ID: 43973976
Application Number: 17479444
International Application Number:
Confirmation Number: 6305

Title of Invention:

STORAGE DRIVE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE

UNIT

First Named Inventor/Applicant Name:

Robert Lercari

Customer Number:

73091

Filer:

Marc Philip Schuyler

Filer Authorized By:

Attorney Docket Number: 2021050 / RMS08BC1
Receipt Date: 07-0CT-2021
Filing Date: 20-SEP-2021
Time Stamp: 14:05:43

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
88566
1 Preliminary Amendment 2021_10_08_PA§¢_RMS_08BC1' no 13
p d402ba9ch8b18569dffc682c69fac1 302628

ecf0
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Information:

Total Files Size (in bytes): 88566

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

New Applications Under 35 U.S.C. 111

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application Serial Number: 17/479444

Confirmation Number: 6305

First Named Inventor: Robert Lercari

Title: STORAGE DRIVE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL
) ERASE UNIT

Filing Date: 09/20/2021

Attorney Docket: 2021050 / RMS-08BC1

PRELIMINARY AMENDMENT
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In The Title

Please change the title as set forth below. Applicant below provides a revision mode version of the

title, followed on a fresh page by a clean text version of the amended title.

REVISION-MODE VERSION OF TITLE:

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION ADDRESSING AND DECOUPLED
BAD BLOCK BEFEECF-MANAGEMENT-ON-BASIS-OFLOGICALERASEUNIF

Application No. 17/479444 -2- Samsung E3.10602 FPAASATH of 265



CLEAN-TEXT OF AMENDED TITLE:

STORAGE DRIVE WITH GEOMETRY EMULATION BASED ON DIVISION ADDRESSING AND DECOUPLED
BAD BLOCK MANAGEMENT

Application No. 17/479444 -3- Samsung E3.10602 FPAASAAR of 265



In The Claims.

Please amend the claims as set forth below. This listing replaces all prior listings.

1. (Currently Amended) A storage device comprising:
flash memory having physical erase units; and
circuitry to, for each of incoming data access requests,
derive a first address portion, a second address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second address
portion, and
identify an addressed storage location within the addressed segment from the third address
portion,
wherein the circuitry is to use a division operation en-the-thirdaddresspertion-to identify a
logical erase unit within the addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to remap
each logical erase unit which corresponds to one of the physical erase units for which the
failure condition is detected to instead correspond to one of the physical erase units for which
the failure condition has not been detected and is to utilize the remapped correspondence

to service one or more of the incoming data access requests.

2. (Original) The storage device of claim 1 wherein:
said circuitry comprises at least one processor; and
the storage device further comprises instructions stored on at least one non-transitory storage
medium, said instructions when executed to control the at least one processor so as to

operate as special purpose circuitry.

3. (Original) The storage device of claim 1 wherein:
the incoming data access requests are read requests received from a host;
the storage device can receive a write request from the host, wherein the circuitry is to, for the
received write request, derive a first address portion, a second address portion and a third
address portion, identify an addressed block device from the first address portion, identify an

addressed segment within the addressed block device from the second address portion,
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identify a corresponding logical erase unit from the third address portion and identify a
physical erase unit which is mapped to the corresponding logical erase unit;

the storage drive is to, in association with fulfillment of the received the write request, identify a
physical storage location in which associated write data has been stored and which is
associated with the corresponding logical erase unit, and to transmit information
representing the assigned address value to the host; and

for one of the read requests which is directed to data which has been written into the flash memory
pursuant to the received write request, at least one of the first address portion, the second
address portion or the third address portion associated with the one of the read requests is
dependent on the assigned address value which has been transmitted to the host in
association with the data which has been written into the flash memory pursuant to the

received write request.

4. (Original) The storage device of claim 1 wherein:
the storage device is to receive a maintenance request from a host which addresses a block device
and a segment within the block device addressed by the maintenance request; and
the storage device comprises circuitry to erase, in association with execution of the maintenance
request, one or more of the physical erase units which are mapped to the segment addressed

by the maintenance request.

5. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
in connection with a given one of the incoming data access requests, the circuitry is to identify and
retrieve a look-up table specific to the addressed block device which was identified from the
first address portion derived from the given one and is to identify a physical storage location

in the flash memory dependent on the look-up table.

6. (Original) The storage device of claim 1 wherein:
the storage device further comprises circuitry to track metadata for the addressed segment, where
said metadata indicates an extent to which memory comprising at least one of the physical
erase units mapped to the addressed segment can continue to receive additional write data
without being erased; and
the storage device further comprises circuitry to transmit information to a host dependent on said

tracked metadata.
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7. (Original) The storage device of claim 1 wherein:

the incoming data access requests are read requests received from a host;

the storage device can receive write requests from the host, and the storage device comprises
circuitry to issue commands to the flash memory in fulfillment of the write requests;

the storage device is to assign an address value in association with fulfillment of each of the write
requests, in order to identify a physical storage location in which associated write data has
been stored, and comprises circuitry to transmit information representing each assigned
address value to the host; and

for one of the incoming data access requests which is directed to data which has been written into
the flash memory pursuant to one of the write requests, the addressed storage location
identified from the third portion is dependent on the assigned address value which was

transmitted to the host in association with the one of the write requests.

8. (Original) The storage device of claim 1 wherein:

the storage device can receive a request from a host to copy host-selected data from one storage
location in flash memory to another storage location in the flash memory, and the storage
device comprises circuitry to issue commands to the flash memory, in response to the request
from the host to copy, to read the host-selected data from a first physical storage location in
the flash memory and write the host-selected data to a second physical storage location in
the flash memory without sending the data being copied to the host; and

the request from the host to copy is to designate destination address information corresponding to
the second physical storage location, wherein the storage device is to identify from the
destination address information a destination block device and an addressed segment within
the destination block device, and wherein the second physical storage location corresponds

to the addressed segment within the destination block device.

9. (Currently Amended) The storage device of claim 8 wherein the storage device is to identify from the
destination address information a destination logical erase unit bleck-and is to select the second physical

storage location in dependence on the identified destination logical erase unitbleck.

10. (Original) The storage device of claim 1 wherein the storage device is to store information identifying a
number of structures in the flash memory and is to transmit the information identifying the number of

structures to a host, wherein the host is to issue at least one request to the storage device in which the at
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least one request is dependent on the information transmitted to the host identifying the number of
structures, and wherein the storage device comprises circuitry to fulfill the at least one request by issuing
commands to the flash memory for which a quantum of flash memory selected by the commands which are
issued in response to the at least one request is dependent on the information transmitted to the host

identifying the number of structures.

11. (Original) The storage device of claim 10 wherein the information transmitted to the host identifying the

number of structures identifies an amount of flash memory that is to be erased as a unit.

12. (Original) The storage device of claim 1 wherein the addressed segment corresponds to an integer number
of physical erase units for which the failure condition has not been detected, and the third address portion
specifies a location within a sequential range of locations that correspond to the integer number of physical

erase units.

13. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of the
block devices, the metadata representing a time since one or more physical storage
locations associated with the one of the block devices has been a subject of a write
operation,
compare the metadata to at least one threshold,
upon detection that specific metadata has satisfied the one or more thresholds, copy data
stored at one of the one or more physical storage locations associated with the
specific metadata from a first one of the physical erase units for which the failure
condition has not been detected to a second one of the physical erase units for which
the failure condition has not been detected, and
remap the logical erase unit corresponding to the first physical erase unit for which the failure
condition has not been detected to the second physical erase unit for which the

failure condition has not been detected.

14. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and

the storage device further comprises circuitry to
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store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata is dependent on an erase count of
associated physical memory space,

compare the metadata to at least one threshold,

upon detection that specific metadata has satisfied the one or more thresholds, copy data
stored at one of the one or more physical storage locations associated with the
specific metadata from a first one of the physical erase units for which the failure
condition has not been detected to a second one of the physical erase units for which
the failure condition has not been detected, and

remap the logical erase unit corresponding to the first physical erase unit for which the failure
condition has not been detected to the second physical erase unit for which the

failure condition has not been detected.

15. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of the
block devices, the metadata representing a time since one or more physical storage
locations associated with the one of the block devices has been a subject of a write
operation,
compare the metadata to at least one threshold, and
responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information conveys
address information for data stored at one of the one or more physical storage

locations associated with the specific metadata.

16. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of the
block devices, and
receive a query, issued by a host device, and responsive to the query, compare the metadata
to at least one threshold, to identify specific metadata, and transmit information to

the host device wherein such transmitted information conveys address information
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for data stored at one of the one or more physical storage locations associated with

the specific metadata.

17. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata represents an erase count of associated
physical memory space, and
receive a query, issued by a host device, wherein said query is specific to one of the block
devices, and responsive to the query, identify specific metadata, associated with the
specified one of the block devices, and transmit information to the host device that

conveys the specific metadata.

18. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of the
block devices, wherein the stored metadata represents an erase count of associated
physical memory space, and
compare the metadata to at least one threshold, and
responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information conveys
address information for data stored at one of the one or more physical storage

locations associated with the specific metadata.

19. (Original) The storage device of claim 1 wherein:
the flash memory comprises multiple planes; and
the storage device is to, for each one of a set of the incoming data access requests having sequential
addressing, identify a commonly addressed page and write data accompanying the set of

incoming data access requests concurrently into respective ones of the multiple planes.

20. (Original) The storage device of claim 1 wherein the division operation is applied to subdivide the third

address portion into respective first and second bit fields.
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21. (Currently Amended) A storage device comprising:
flash memory, the flash memory to have one or more block devices at a hierarchically-superior level,
segments within each of the block devices at a hierarchically-intermediate level, and
addressable storage locations within each of the segments at a hierarchically-inferior level,
each segment including a mutually exclusive set of one or more logical erase units that each
map to a physical erase unit, each segment being associated with only one of the block
devices, each logical erase unit being associated with only one of the segments; and
circuitry to, for each of incoming data access requests,
derive a first address portion, a second address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second address
portion, and
identify an addressed storage location within the addressed segment from the third address
portion,
wherein the circuitry is to use a division operation en-the-thirdaddresspertion-to identify a
logical erase unit within the addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to remap
each logical erase unit which corresponds to one of the physical erase units for which the
failure condition is detected to instead correspond to one of the physical erase units for which
the failure condition has not been detected and is to utilize the remapped correspondence

to service one or more of the incoming data access requests.

22. (Currently Amended) A storage device comprising:

flash memory, the flash memory to have one or more block devices at a hierarchically-superior level,
segments within each of the block devices at a hierarchically-intermediate level, and
addressable storage locations within each of the segments at a hierarchically-inferior level,
each segment including a mutually exclusive set of one or more logical erase units that each
map to a physical erase unit, each segment being associated with only one of the block
devices, each logical erase unit being associated with only one of the segments;

circuitry to, for each of incoming data read requests,

derive a first address portion, a second address portion and a third address portion,
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identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second address
portion, and
identify an addressed storage location within the addressed segment from the third address
portion,
wherein the circuitry is to use a division operation enthe-thirdaddresspertion-to identify a
logical erase unit within the addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to the
identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to remap
each logical erase unit which corresponds to one of the physical erase units for which the
failure condition is detected to instead correspond to one of the physical erase units for which
the failure condition has not been detected and is to utilize the remapped correspondence
to service one or more of the incoming data access requests; and
circuitry to, for each of incoming data write requests,
derive an associated first address portion, a second address portion and a third address
portion,
identify an addressed block device from the associated first address portion,
identify an addressed segment within the addressed block device from the associated second
address portion,
identify a write destination logical erase unit from the associated third address portion, and
identify a physical erase unit which is mapped to the write destination logical erase
unit,
identify a physical storage location in which associated write data is to be stored and which
is associated with the write destination logical erase unit, and an address value
associated with the physical storage location in which the associated write data is to
be stored; and
transmit information to a host representing the address value;
wherein for one of the read requests which is directed to data which has been written into the flash
memory pursuant to one of the write requests, at least one of the first address portion, the
second address portion or the third address portion associated with the one of the read
requests is dependent on the address value which has been transmitted to the host in
association with the data which has been written into the flash memory pursuant to one of

the write requests.
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23. (Currently Amended) A method of operation in a storage device having flash memory, the flash memory
having physical erase units, and circuitry, the method comprising
for each of incoming data access requests, with the circuitry,
deriving a first address portion, a second address portion and a third address portion,
identifying an addressed block device from the first address portion,
identifying an addressed segment within the addressed block device from the second address
portion,
identifying an addressed storage location within the addressed segment from the third
address portion,
performing a division operation en-the-third-addressportion-to identify a logical erase unit
within the addressed segment, and
identifying one of the physical erase units that corresponds to the identified logical erase unit;
wherein the method further comprises detecting a failure condition of the physical erase units and
remapping each logical erase unit which corresponds to one of the physical erase units for
which the failure condition is detected to instead correspond to one of the physical erase
units for which the failure condition has not been detected and utilizing the remapped

correspondence to service one or more of the incoming data access requests.
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REMARKS
This preliminary amendment is being submitted prior to a first office action on the merits and is
therefore believed to be submitted as a matter of right.
If the Examiner has any questions, or if it would be helpful for the Examiner to discuss this case or any
particulars, or to achieve compact prosecution, the Examiner is respectfully requested to call the undersigned

using the contact information presented below.

Respectfully submitted,
/Marc P. Schuyler/

Marc P. Schuyler, Reg. No. 35675
(408) 655-6375 (California)
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The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

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

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PTO/AIA/BD (G7-12)

Approved for use through 11/30/2014. CMB 0651-3035

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

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

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of atlorney given in the application identified in the atlached statement
under 37 CFR 3.73{c).
| hereby appoint:

2 Z:itioners associated with Customer Number: 73@9 ,i

Practiioner{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 ageni(s) to represent the undersigned before the United States Patent and Trademark Office (USPTQ) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(c) to:

B The address associated with Customer Number: 73@9 1
OR

Firm or
Individua! Name

ddress

City State Zip

Country

Telephone Email

Assignee Name and Address: Radian Memory Systems, Inc., 5010 N. Parkway Calabasas Unit 205,
Calabasas, CA 91302

A copy of this form, together with a statement under 37 CFR 3.73(c} {Form PTO/AIA/S6 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73{c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is fo be filed.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignes

Signaiure s ’ Data
Name Mike Jadon Talephone
Title Officer, Radian Memory Systems, inc.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 3 minutes
o complete, including gathering, preparing, and submitting the completed application form fo the USPTC. 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.8. 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.

a
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

INFORMATION DISCLOSURE STATEMENT

Dear Sir:

In accordance with 37 C.F.R. §§1.97 and 1.98, and in compliance with the duty of disclosure set
forth in 37 C.F.R. §1.56, applicant submits attached Form PTO/SB/08a (EFS-Web) for consideration and
request the references cited therein be made of record by the U.S. Patent and Trademark Office in the
above-captioned application.

Applicant respectfully points out that the submission of the listed references in this Information
Disclosure Statement is not an admission that they are prior art or that they are material to patentability
of any claims of the application. Also, the submission of this Information Disclosure Statement is not an
indication that a search has been made by Applicant.

It is respectfully submitted that copies of all cited materials (and translations, as appropriate)
have already been cited in one or more parent applications relied upon for priority, in a manner
compliant with 37 C.F.R. §1.98(a-c); these one or more applications are identified below -

USSN 16/808304, 15/690006, USSN 15/074778, USSN 14/880529 and/or USSN 14/848273

Accordingly, per the provisions of 37 C.F.R. §1.98(d), copies of such materials which were
previously provided and are not again being provided herewith. To the extent not already submitted in
connection with the referenced parent application, NPLs and Foreign References (and translations
thereof, as appropriate) are being furnished herewith. Consideration of the foregoing plus the prompt
return of a copy of the enclosed Form SB/08A with the Examiner's initials in the left column in
accordance with MPEP §609 are respectfully requested.

Respectfully submitted,

September 10, 2021 /Marc P. Schuyler/

Marc P. Schuyler, Reg. No. 35,675
Attorney for Applicant
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Doc code: IDS
Dec description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. 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 OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

Application Number

Filing Date

First Named Inventor |Robert Lercari
Art Unit

Examiner Name unknown

Aftorney Docket Number

2021050 / RMS-08BC1

U.S.PATENTS

Remove

Pages,Columns,Lines where

E).(allm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear

1 B065473 A1l P011-11-22 Jtoetal

2 5134631 A PO00-10-17 Jennings [l

3 861122 B2 P010-12-28 Cornwell et al.

4 b652857 A 1997-07-29 Shimoi et al.

5 096378 B2 P006-08-22 Stence et al.

6 7404031 B2 PO08-07-22 [Oshima

7 702846 B2 P010-04-20 Nakanishi et al.

8 ¥752381 B2 P010-07-06 Mong
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

Application Number

Filing Date

First Named Inventor

Robert Lercari

Art Unit

Examiner Name

unknown

Aftorney Docket Number

2021050 / RMS-08BC1

9 I7801561 B2 P010-09-21 Parikh et al.
10 7818489 B2 P010-10-19 Karamcheti et al.
11 [7941692 B2 P011-05-10 Royer et al.
12 J7970983 B2 P011-06-28 Nochimowski
13 [7991944 B2 P011-08-02 | ee et al.

14 B024545 B2 P011-09-20 Kim et al.

15 B074022 B2 P011-12-06 Okin et al.

16 B082389 B2 P011-12-20 FFujibayashi
17 BO86790 B2 P011-12-27 Roohparvar
18 H568423 A 1996-10-22 Jou et al.

19 7836244 B2 P010-11-16 Kim et al.
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Application Number

Filing Date
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First Named Inventor | Robert Lercari

STATEMENT BY APPLICANT At Uni
nit

( Not for submission under 37 CFR 1.9%)

Examiner Name unknown

Aftorney Docket Number 2021050 / RMS-08BC1

20 B065471 B2 P011-11-22 Yano et al.
21 0229854 B2 P016-01-05 Kuzmin et al.
22 H860082 A 1999-01-12 Bmith et al.
23 7339823 B2 P008-03-04 Nakayama et al.
24 [7581078 B2 P009-08-25 MWare

25 yrori7 B1 P010-05-04 Mintierth

26 B055833 B2 P011-11-08 Panilak et al.
27 BO68365 B2 P011-11-29 Kim

28 0542118 B1 P017-01-10 | ercari et al.
29 0400749 B1 P016-07-26 Kuzmin et al.
30 0519578 B1 1216-12-13 Kuzmin et al.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

Application Number

Filing Date

First Named Inventor

Robert Lercari

Art Unit

Examiner Name

unknown

Aftorney Docket Number

2021050 / RMS-08BC1

31 B001318 B1 P011-08-16 yer

32 B572331 B1 P013-10-29 Bhalvi

33 B072463 B1 P011-12-06 Van Dyke

34 0335939 B2 P016-05-12 Bennett et al.
35 8347042 B2 P013-01-01 You

36 0727454 B1 P017-08-08 Kuzmin et al.
37 D652376 B1 P017-05-16 Kuzmin et al.
38 0710377 B1 P017-07-18 Kuzmin et al.
39 10445229 B1 P019-10-15 Kuzmin et al.
40 0588904 B1 P017-03-07 | ercari et al.
41 0785572 B1 P017-10-10 | ercari et al.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

Application Number

Filing Date

First Named Inventor | Robert Lercari
Art Unit

Examiner Name unknown

Aftorney Docket Number 2021050 / RMS-08BC1

42 10552058 B1 P020-02-04 Jadon et al.
43 10552085 B1 P020-02-04 Chen et al.
44 7406563 Al P008-07-29 Nagshain

45 B645634 B1 P014-02-04 Cox et al.

46 0696917 B1 P017-07-04 Sareena et al.
47 0846541 B2 P017-12-19 Miyamoto et al.
48 0176864 B2 P015-11-03 (Gorobets

49 10838853 B2 P020-11-17 Kuzmin

50 [7877540 B2 P011-01-25 Sinclair

51 B099632 B2 P012-01-17 Tringali

52 B046524 B2 P011-10-25 Tringali
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INFORMATION DISCLOSURE
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Application Number

Filing Date
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If you wish to add additional U.S. Patent citation information please click the Add button.
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U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
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Initial Number Code'| Date of cited Document ,
Figures Appear
1 0080189485 A1 P008-08-07 Jung et al.
2 20110033548 A1 P011-02-10 Kimmel et al.
3 20100281230 A1 P010-11-04 Rabii et al.
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14 0100115172 Al P010-05-06 Gillingham et al.
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CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

:;iilse}n';l:rr:ned RObert Lercari Er?gvsrrs:visional Application Number (if
e o STORAGE DEVICE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE UNIT

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. | understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

I. [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—--OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

signature’ MAFC P Schuyler/ . 10 September 2021
?IgarmSTyped)MarC P SChuyler Eieagﬁg:ir(;?ii; Number35675

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. ™

D *Total of 1 forms are submitted.
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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.

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.

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.

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).

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.

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)).

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.

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.

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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) ) Attorney Docket Number | 2021050 / RMS08BC1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | STORAGE DRIVE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE UNIT

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

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor |1

Legal Name
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Postal Code 92066 Countryi | us

Inventor 2
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Prefix| Given Name Middle Name Family Name Suffix
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Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service
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Inventor 3
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Prefix| Given Name Middle Name Family Name Suffix
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Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service
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STORAGE DRIVE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE UNIT

PRIORITY/INCORPORATION BY REFERENCE
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supporting variable configurability and forward compatibility," which in turn is a continuation of US
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Provisional Patent Application No. 62/194172, filed on July 17, 2015 on behalf of first-named inventor
Robert Lercari for "Techniques for Memory Controller Configuration;" and U.S. Provisional Patent
Application No. 62/063357, filed on October 13, 2014 on behalf of first-named inventor Robert Lercari
for "Techniques for Memory Controller Configuration." US Utility Patent Application No. 14/880529 is
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Array Operation Support And Related Devices, Systems And Software."

Page 1 0f 43
2021050/ RMS-08BC1, Specification
Samsung Ex. 1002, Page 199 of 265



TECHNICAL FIELD

[0002] The disclosure herein relates to non-volatile data storage and retrieval within

semiconductor memory.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The present invention is illustrated by way of example, and not by way of limitation, in the

figures of the accompanying drawings and in which like reference numerals refer to similar elements.

[0004] Figure 1 illustrates an embodiment of a multi-modal flash memory device and its

interconnection to a host system.

[0005] Figure 2 illustrates an exemplary application and configuration of a flash device having a

pseudo-expositive memory controller within a host system.

[0006] Figure 3 illustrates an exemplary flash memory device in which discrete block devices may

be configured and allocated as described in Figure 2.

[0007] Figure 4 illustrates an exemplary block device allocation and configuration within the flash

device of Figure 3 effected using the block device allocator described in reference to Figure 2.

[0008] Figure 5 illustrates a host perspective of the exemplary block device allocations and

configurations presented in Figure 4.

[0009] Figure 6 illustrates an exemplary pair of block device configurations.

[0010] Figure 7 illustrates exemplary generation of a physical block address in response to an

incoming LBA.

[0011] Figure 8 illustrates a conceptual implementation of an address generation module.

[0012] Figure 9 illustrates exemplary virtualization of erase units within a four-die block device.
Page 2 of 43
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[0013] Figure 10 demonstrates an exemplary sequence of operations coordinated between a

pseudo-expositive flash memory controller and a host file server.

[0014] Figure 11 illustrates forward (and reverse) compatibility between successive flash

generations enable by a pseudo-expositive flash architecture provided by the teachings herein.

[0015] Figure 12 illustrates detail regarding pseudo-physical geometry export options within a flash

device having multi-plane flash dies.

[0016] Figure 13 illustrates additional operations that may be managed by embodiments of

pseudo-exposition.
[0017] Figure 14 illustrates a memory controller integrated circuit (IC).

[0018] The subject matter defined by the enumerated claims may be better understood by
referring to the following detailed description, which should be read in conjunction with the
accompanying drawings. This description of one or more particular embodiments, set out below to
enable one to build and use various implementations of the technology set forth by the claims, is not
intended to limit the enumerated claims, but to exemplify their application to certain methods and
devices. The description set out below exemplifies addressing schemes and supporting, methods,
devices, structures and systems. Such techniques can be practiced in one embodiment by a host, in
another embodiment by a memory controller (e.g., within a single drive or across multiple drives), in
another embodiment by a flash memory device (e.g., die or integrated circuit) and in yet another
embodiment by a host or memory controller cooperating with one or more other circuits. This
disclosure also provides improved designs for a memory controller, host, memory devices, a memory
system, a subsystem (such as a drive, e.g., a solid state drive or "SSD"), and associated circuitry,
firmware and addressing methodology. The disclosed techniques can also be implemented in software
or instructions for fabricating an integrated circuit (e.g., a circuit design file or field programmable gate
array or "FPGA" configuration). While the specific examples are presented, particularly in the context of
flash memory, the principles described herein may also be applied to other methods, devices and

systems as well.
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DETAILED DESCRIPTION

[0019] A memory controller that subdivides an incoming memory address into multiple discrete
address fields corresponding to respective hierarchical groups of structural elements within a target
nonvolatile semiconductor memory system and in which at least one of the discrete address fields
constitutes a virtual address for the corresponding physical element within the structural hierarchy is
disclosed in various embodiments. Through this hierarchical subdivision, the virtual address portion of
the incoming memory address is ensured to resolve to an element within the physical bounds of a larger
(hierarchically-superior) structure, but may be freely mapped to any of the constituent physical
elements of that larger structure. Accordingly, a host requestor may issue logical memory addresses
with address fields purposefully specified to direct read, write and maintenance operations to physically
distinct structures within the memory system in a manner that limits performance-degrading conflicts
while the memory controller remains free, by virtue of one or more virtualized address fields within the
incoming logical addresses, to virtualize localized groups of physical structures and thus mask defective
structural elements and swap operational structural elements into and out of service, for example, as

they wear or otherwise require maintenance.

[0020] In other embodiments presented herein, the net storage volume of a nonvolatile
semiconductor memory system is subdivided into discrete performance-isolated storage regions based
on specified system requirements and underlying memory system geometry and performance
characteristics, with each such storage region being mapped by an independent linear range of logical
addresses. Accordingly, each performance-isolated storage region may be presented to one or more
host access requestors as an independent block device (i.e., mass storage unit having a continuously
mapped logical address space) so that the nonvolatile memory system may be perceived by that host as
being constituted by multiple discrete block devices, each having its own performance characteristics
and address space. Moreover, the mapping of the logical address space within a given block device,
referred to herein as “address space layout,” may vary from one block device to another (e.g.,
sequential addresses within logical address ranges of respective block devices may be distributed within
the structural hierarchy of the memory system in different order) to yield configurable and varied block
device characteristics in terms of endurance and I/O bandwidth. Further, multiple different address
space layouts may be applied within different “subspaces” of a given block device (i.e., discrete portions
of the block device’s address range) with, for example, addresses in one subspace being sequentially

applied to structural elements at different hierarchical levels of the memory system in a different order

Page 4 of 43
2021050/ RMS-08BC1, Specification
Samsung Ex. 1002, Page 202 of 265



than in another subspace. Also, in a number of embodiments, system requirements specified (e.g., by a
user/system designer) in terms of block device capacity and performance metrics including, without
limitation, read and write bandwidth requirements and minimum data transfer size required by the
block device, are automatically translated into corresponding configuration and allocation of structural
elements as necessary to meet the high-level requirements, with such configuration and allocation
optionally being programmed directly into the nonvolatile memory subsystem and/or corresponding
block device definition reported to a host access requestor. By this approach, a system designer may
configure and allocate block devices according to performance requirements of the application at hand
without having to resort to the complex and error-prone task of allocating and configuring numerous
physical resources within the nonvolatile memory system individually. Moreover, in a number of
embodiments, high-level performance requirements specified to configure and allocate block devices
within a given memory subsystem may be used to enable forward-compatible allocation and
configuration of like-performance block devices within next-generation memory subsystems and thus
enable seamless memory subsystem replacement {(with or without data migration) and/or supplement
with next-generation technologies. These and other embodiments, features and benefits are described

in greater detail below in reference to exemplary drawing figures.

[0021] The nonvolatile memory subsystem in which a number of embodiments are detailed herein
is presented as a flash memory device forming in whole or part a solid state disk drive (SSD); the flash
memory device can be hierarchically arranged in multiple wired signaling channels each coupled to
multiple flash memory dies, with each die including numerous individually erasable storage units (“erase
units” or erase blocks or flash blocks) distributed in one or more access planes, and with each erase unit
including numerous pages constituted by a predetermined number of single-bit or multi-bit nonvolatile
storage cells (i.e., channels, dies, erase units and pages constitute, for example and without limitation,
respective hierarchical physical elements within the flash memory device). For example, in one
embodiment, a memory controller within the flash memory system (e.g., within the drive or SSD)
subdivides each incoming “logical block address” (LBA) into respective channel, die, erase unit and page
address fields, any or all of which may be virtual addresses, and resolves a commanded read or write
access to a specific channel indicated by the channel address field, a specific die indicated by the die
address field, a specific erase unit indicated by the erase unit field (including possible resolution to two
or more erase units in the case of multi-plane command sequences) and a specific page indicated by the
page address field (including possible resolution to two or more pages in the case of a multi-page
operation).
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[0022] Numerous specific details relating to flash memory device technology including, for example
and without limitation, erase granularity limited to whole erase units (a fundamental characteristic of
flash memory), usage-induced storage cell wear (i.e., as program and erase cycles involve destructive
charge-carrier passage through isolating oxide layers) and finite storage cell retention times (largely due
to leakage from floating storage cells which increases as feature sizes shrink in successive device
generations) and disparate data write (or “program”) timing and read timing constraints, bears on
implementation and/or operational details of a number of embodiments presented below. In all cases,
such details may change or be omitted when not required by the underlying memory technology. Thus,
while the various embodiments presented herein are described in the context of flash memory devices,
the structures and techniques disclosed are not so limited and may be applied with respect to any
underlying memory technology wherever beneficial including both nonvolatile and volatile memory

technologies.

[0023] Figure 1 illustrates an embodiment of a multi-modal flash memory device (“flash device”)
and its interconnection to a host system or device, referred to herein as the “host.” As shown, the flash
device includes multiple flash memory dies coupled to a multi-modal flash memory controller (MC). It
should be understood that the memory controller is depicted in multiple locations within the figure, to
illustrate different modes of operation; the memory controller itself includes a mode register or other
configuration circuit which, when programmed by the host or pre-programmed during or after flash
device production, enables the flash device to be selectively operated in any one of at least four
different memory control modes including a physical access mode 112, a linearly virtualized mode 114, a

cooperative management mode 116, and a hierarchically virtualized mode 118.

[0024] In physical access mode, shown generally at 112, the flash device takes little or no
autonomous action and instead merely executes read, write and erase requests at the direction of the
host. Thus, the host is fully aware of the underlying flash device geometry (shown, in this conceptual
example, as three flash memory dies each having five erase units) and issues a physical block address
(PBA) with each read/write request — that is a memory address having a fixed, one-for-one
correspondence to a logical storage block (e.g., smallest addressable unit of data storage) within the
collective storage space formed by the constituent flash dies of the flash device. An address received by
the memory controller from the host is substantially identical to the address transmitted from the
memory controller to memory; that is, the physical access mode enables executions of flash memory

input/output operations (IOPs) with theoretically minimal latency (i.e., no address translation is needed
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and the host can schedule I0Ps in a manner that avoids resource conflicts due to full awareness of the
underlying physical hardware and limitations thereof). In this mode, however, the host is burdened with
numerous complex and hardware-specific media management tasks, including discovery and avoidance
of failed structural elements (especially erase units and dies), leveling otherwise disparate wear
between different erase units (“wear leveling”), reducing storage fragmentation (“garbage collection”)
as the ratio of partially filled erase units to available continuous storage space rises, and refreshing (i.e.,
re-writing in a new location) data nearing its retention time limit (“scrubbing” aged data). Thus design
and implementation of a host system needed to interact with and manage the flash memory in physical
access mode can become tremendously complex and, making matters worse, may require substantial

and expensive re-design as new generations of flash memory devices become available.

[0025] Still referring to Figure 1, if physical access mode represents an extreme burdening of the
host in return for potentially minimized IOP latency, the linearly virtualized mode shown at 114
represents the opposite extreme. In linearly virtualized mode, a flash translation layer (FTL) and media
management engine are enabled within the memory controller to present the aggregate storage of the
flash device (i.e., collective storage area within the three flash memory dies) to the host as a simple
linear address range in which all media management operations are executed transparently (i.e.,
without host visibility or responsibility). While the FTL and under-hood media management
tremendously simplifies host design and implementation, the cost of that simplicity is a substantial
degradation of flash device performance and capacity. For example, because every logical block address
issued by the host (e.g., LBA i-1, LBA i, LBA i+1, LBA i+2 as shown in Figure 1) may map to any storage
location within the flash device (e.g., any page within any erase unit within any die on any signaling
channel within the flash device), translation time tends to be substantial and increases exponentially as
flash capacity grows (i.e., in new generations of flash devices). Worse, because the mapping of logical
block addresses to underlying storage locations is invisible to the host, the host is unable to avoid
sequential issuance of logical block addresses that resolve to the same flash die, meaning that resource
conflicts may arise at random. From the host perspective, the I/O latency (i.e., time required to
complete an 1/0) is simply unpredictable and may, at any instant, grow many times beyond the native
operational time imposed by the underlying flash die hardware. This unpredictable latency is made
even worse by the memory controller’s autonomous scheduling of flash maintenance operations (i.e.,
garbage collection, wear-leveling, data scrubbing) each of which tends to involve numerous memory-
controller-initiated write operations followed by one or more relatively slow erase operations and thus

may dramatically increase the 1/0 latency perceived by the host.
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[0026] Continuing with the linearly virtualized controller mode 114, the memory controller’s
responsibility for flash maintenance requires that it keep substantial storage regions in reserve. Even
more space is typically reserved to reduce the probability of worst-case resource conflict scenarios (i.e.,
limit occurrence of system-buckling long-latency I/O events). As a result, the overall flash memory
capacity made available to the host in linearly-virtualized mode (i.e., the space encompassed by the
linear LBA range) is generally substantially less than the physical capacity of the device. This
“overprovisioning” of the physical storage space to meet a host-desired capacity and performance is
exacerbated by the need for nonvolatile storage of the ever-growing FTL translation table (i.e., growing
as the flash device capacity is consumed, and growing with new generations of more capacious flash

devices) within the nonvolatile flash storage itself.

[0027] Still referring to Figure 1, the cooperative management mode shown at 116 achieves the
performance advantages of physical access mode by exposing the underlying flash geometry to the host,
but limits the host’s flash management burden by gathering statistics needed to manage flash
maintenance operations and by notifying the host when maintenance is required. The general approach
is enumerated in the detail view of cooperative management mode and in which the host (1) requests
and receives a physical geometry description from the memory controller (referred to herein as a
“geometry export”) and then (2) defines an address assignment in which the linear block address range
of the host file system is mapped directly onto the physical block address within the underlying flash
storage. In the particular example shown, a defective and unavailable erase unit marked by ‘B’ is

reported to the host by the memory controller and noted within the LBA-to-PBA address map.

[0028] Hierarchically virtualized mode, shown for example at 118, takes cooperative management
mode a significant step forward by presenting to the host an idealized view of underlying physical
structures within the flash memory device. That is, as in cooperative management mode, the host
requests a physical geometry description from the memory controller, but the memory controller
returns, instead of a true physical description with all attendant details regarding defective storage and
other realities, an idealized or pseudo-physical description of the underlying geometry that enables
abstraction of the underlying flash memory structures without loss of coherence with respect to
boundaries between hierarchical structures. Thus, in the hierarchically-virtualized example shown, the
memory controller informs the host that the aggregate flash storage is subdivided among three flash
dies and that four erase units are available within each flash die, holding in reserve some number of

erase units (or dies or any other resource likely to fail over time) as necessary to maintain a static
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idealized perspective of the underlying flash geometry for the host. Accordingly, despite the defective
erase unit (‘B’) within the center flash die or even run-time detected failure of erase units within the
other two flash dies, the host perceives a defect free set of physically extant dies and erase units
therein. This pseudo-physical host perspective may be appreciated by comparing the host-perceived
flash device architecture (three defect-free dies, each having four erase units) shown by the LBA to
pseudo-physical block address (PPBA) mapping at 121 with the memory controller mapping of the LBAs
to underlying physical block addresses (PBAs) as shown at 123. Whereas the host perceives a linear
address mapping to the idealized physical storage (i.e., pseudo-physical storage), the memory controller
maps the LBAs discontiguously, skipping over reserved and defective erase units, and thus virtualizing
the pool of erase units within each individual flash die while maintaining the physical boundary between
dies as reported to the host. Contrasting the cooperative management and hierarchically virtualized
operating modes shown in Figure 1, the controller fully exposes the physical flash hardware in the
cooperative management mode and exposes a pseudo-physical hardware set in the hierarchically
virtualized mode and is thus referred to herein alternately as an expositive or pseudo-expositive
memory controller when operating in those respective modes, with the pseudo-expositive memory

controller being a specialized instance of the more general expositive memory controller.

[0029] Note that in the cooperative management mode 116 and the hierarchically virtualized mode
118, some limited amount of address translation can be performed at the memory controller, e.g., by
translating the address of one block in the hierarchy (e.g., erase unit) while preserving logical location
level at other address levels (e.g., preserving page ordering within a remapped erase unit); in the
cooperative management mode 116, such remapping can be temporary (e.g., with the host ultimately
being informed for example of bad block remappings, for example), and in the hierarchically virtualized
mode 118, such remapping can be transparent, with a memory controller deriving for example, any of
erase unit, page, die, plane, device, channel or other hierarchical address distinctions while preserving
address-space division (e.g., logical order) at other levels. Among other advantages, this architecture
provides for greatly simplified address translation {e.g., which can optionally be implemented entirely in
hardware), and facilitates configurable and predictable 1/0O latency, and greatly shortens address

translation time and associated complexity.

[0030] Figure 2 illustrates an exemplary application and configuration of a flash device having a
pseudo-expositive memory controller (i.e.,, multi-mode memory controller operating in a pseudo-

expositive mode, or memory controller having only a pseudo-expositive operating mode) within a host
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system. In the particular embodiment shown, an interactive block-device designer/allocator is executed
within either the flash device, host system and/or separate computing device to obtain flash device
geometry and performance characteristics and interact with a system designer (i.e., user, system
architect or other human operator or programmed intelligence) to define and allocate one or more
discrete performance-isolated storage regions within the flash device. The block device
designer/allocator (“block device allocator” for short) supplies parameterized descriptions of each
allocated flash storage region to a host file system (i.e., one or more threads or processes executed on a
host computing system to carry out file storage, retrieval and maintenance operations with respect to
files and other data objects) which, accordingly perceives each such flash storage region as a linear

range of logical block addresses and thus as an independent block device.

[0031] Still referring to Figure 2, and more specifically to the exemplary operational flow at 151, the
block device allocator initially requests and receives geometry and performance data from the flash
device and/or a device library at 155. In the embodiment shown and a number of embodiments
described below, the geometry information includes hierarchical topology information including, for
example and without limitation, (1) the number of independent flash-die access channels (also referred
to herein as “signaling channels” or simply “channels”) coupled to or otherwise accessible by the
memory controller, (2) the number of discrete flash dies coupled to each access channel, (3) the number
of erase-unit planes (or “planes” for short) within each flash die, (4) the number of erase units within
each plane, (5) the number of pages per erase unit and (6) the storage capacity of each page. In general,
each of the device geometry parameters may be a physical (i.e., actual) or pseudo-physical
representation of the corresponding underlying hierarchical structure (e.g., channels, dies, planes, erase
units or pages). Performance data, which may be viewed as part of the geometry export, may include
for example and without limitation, (a) the nominal programming time of a physical page within the
erase unit of a flash die (i.e., “teroc” also referred to herein as the page write time), (b) the nominal read
time of the physical page (treap), (c) the nominal time required to erase contents within an erase unit
(terase), (d) the data transfer bandwidth over an individual access channel (Chan BW), (e) the data
transfer bandwidth of the host interface (H-Intf BW), (f) wvarious performance
enhancement/optimization functions that may be available (e.g., multi-page functionality, read caching,

write caching, etc.), and so forth.

[0032] At 157, the block device allocator determines the available block device profiles (i.e.,

physical and performance characteristics of different configurations of physical resources within the
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flash device) accounting for any pre-existing allocations. Assuming that no block devices have been
allocated at this point and thus that resources sufficient for further block device definition remain within
the flash device (i.e., negative determination at decision 159), then the block device allocator displays
(e.g., in a visible display or other user interface of the computing device in which the block device
allocator is instantiated) available block device profiles and the allocable quantities of each as shown at
161, prompting the user/designer to select one or more block device profiles and their desired
allocation quantities. Upon receiving user input specifying a quantity of block devices having a given
profile (and possibly multiple different profiles and respective quantities) at 163, the block device
allocator prompts the user/designer to specify, for each block device to be allocated, whether the LBA
range of the block device is to be uniformly sequenced among the hierarchical structures of the flash
storage region to be allocated (e.g., channels, dies, erase units, pages) thus establishing a uniform
address space layout (ASL) for the block device, or whether the address space layout is to be varied
within one or more “subspaces” of the block device (i.e., “sub-ranges” of the overall LBA range for the
block device). If subspace ASL is desired (affirmative determination at 165), the user is prompted to
specify one or more specialized LBA ranges (i.e., LBA ranges having ASLs different from the otherwise
uniform ASL corresponding to the block device profile). After receiving subspace ASL specifications, if
any, for each user-requested block device, the block device allocator programs block device
configuration registers 169 within the flash device (thereby allocating individually configured block
devices within the flash device) and notifies the host file system of the block device allocation,
supplying, for example a parameterized description of each block device that informs the host file
system of the block device capacity (thus establishing the LBA range of the block device for a given LBA

granularity), write bandwidth, read bandwidth and minimum data transfer size.

[0033] Note that the LBA granularity (i.e., size of a logical block of data — not to be confused with a
block device which will typically hold millions of logical blocks of data each having a respective LBA) may
be programmed within the block device configuration registers or other configuration storage of the
flash device to enable a variable user-specified number of LBAs to span each physical page of storage
within the flash device. Similarly, as discussed in greater detail below, the size of a logical quantum of
data, referred to herein as a “host data segment” or “segment” and that constitutes a fundamental unit
of storage allocation operated upon by the host file system, may be programmed within the block
device configuration register to enable the memory controller to associate discrete sets of physical
storage structures (e.g., an integer number of erase units within a given block device) with respective

segments and thereby facilitate coordinated file-system and flash device management operations.
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[0034] Continuing with the block device allocator flow, after programming the block device
configuration registers and exporting corresponding block device parameters to the host file system at
169, the block device allocator returns to the space availability evaluation at 157, and determines the
block device profiles and quantities thereof that remain available for allocation after accounting for any
prior allocations at 169. If all available block devices are determined to have been allocated (i.e., all
resources reported to be available by the flash memory device and/or library description of the flash
memory device have been allocated in a block device definition or respective block device definitions),
then the block device design/allocation operation is deemed complete and the block device allocator
terminates. Though not specifically shown, the designer/user of the block device allocator may also

terminate the block device allocation sequence without allocating all flash resources.

[0035] Reflecting on the block device allocation sequence shown in Figure 2, it should be noted that
numerous additional provisions and or options may be implemented in various embodiments. For
example, instead of executing the flash memory/file system configuration operation at 169 in each loop
iteration, the block device allocator may accumulate an internal set of flash device and flash memory
configuration parameters in each loop iteration, prompting the user/designer to review a
comprehensive allocation plan before proceeding with flash device programming and/or file system
notification. Also, instead of issuing configuration commands/parameters to the flash memory device
and/or host file system, the block device allocator may write configuration information to one or more
configuration files (or other data objects) for later delivery to actual flash memory devices or host file
systems. Further, instead of iteratively prompting a user to select from among available block device
profiles (which selection constitutes an implied or explicit user/designer specification of block device
characteristics, including logical block size, read bandwidth, write bandwidth, capacity, transfer size,
endurance metric, etc.), the block device allocator may initially receive desired block device
performance parameters from a user/designer and thus proceed from the user’s initial performance
specification to resolve block device allocations. In yet other embodiments, the quantity of block
devices and/or their individual characteristics may be determined in whole or part by user/designer
specification of aggregate read or write bandwidth within the flash device as a whole (together with
other “overall device” requirements, such as a minimum segment size, logical block size and/or transfer
size), with the block device allocator allocating and configuring, for example, a minimum or maximum
number of block devices as necessary to meet those aggregate requirements. Accordingly, the iterative
block device allocation sequence shown in Figure 2 should be understood as but one of many possible

block device allocation schemes which may be deployed in different embodiments or configurations.
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[0036] Figure 3 illustrates an exemplary flash memory device in which discrete block devices may
be configured and allocated as described in Figure 2. For purposes of explanation and understanding
only, a specific flash device geometry and set of performance metrics are shown in Figure 3 and carried
forward in a number of embodiments described in reference to following figures of the drawing. In all
such cases, the specific geometries (e.g., numbers of physical elements at each hierarchy within the
flash device structure including, without limitation, access channels, flash dies per channel, planes per
flash die, erase units per plane, pages per erase unit, page size, page read and write times (treap and
teros), channel bandwidth and host interface bandwidth, number of host interfaces, etc.) may be

different from those shown in Figure 3.

[0037] With that understanding, it can be seen that the exemplary flash device in Figure 3 includes
a memory controller coupled to 16 access channels {chO....ch16), with each access channel coupled to
eight flash dies, each flash die having two planes, and each plane containing 1124 erase units (2248
erase units per die), and each erase unit containing 256 pages each containing a number of flash
memory cells {e.g., NAND memory cells, though NOR or flash memory cell configurations may be
deployed in alternative embodiments) sufficient to store 16kilobytes (kB) of data. As an aside,
references to volumes of data herein are generally intended to mean a power of two quantity so that
KB, MB, GB, TB, etc. refer respectively to 219, 220 230 240 etc. byte of data (sometimes designated by KiB,

MiB, GiB, TiB and so forth).

[0038] Continuing with the flash memory embodiment shown in Figure 3, for purposes of example,
it is assumed that the geometry exported to the block device allocator accurately reflects the underlying
structural/physical hierarchy in all aspects but one — that the number of erase units per plane is
reported pseudo-physically as 1024 (i.e., 21 and thus 2! or 2048 erase units per die) instead of 1124,
meaning that 100 erase units per plane and thus 200 erase units per die are held in reserve. As

IM

explained below, this erase unit reservation or “spare pool” enables the memory controller to virtualize
the available erase units within each die and thus mask defective erase units from host visibility and
swap erase units into and out of service as storage for respective LBA ranges of an allocated block device
without impacting the host perspective of the block device or the flash device as a whole. Also, it bears
emphasis that each virtualized collection of erase units is confined to the individual flash die (or even
the individual planes, depending on block device configuration) containing the corresponding physical

erase units. That is, while a given LBA that resolves to a flash die may include a virtualized erase-unit

address field (an example of a discrete address field within the LBA corresponding to a group of physical
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elements within a structural hierarchy — erase units in this case), the LBA is nonetheless guaranteed by
design to resolve to a physical erase unit with the LBA-specified physical die on the LBA-specified
physical channel. More generally, as discussed in greater detail below, while any address fields (i.e.,
contiguous or discontiguous ranges of bits within an incoming LBA) corresponding to a hierarchical
group of structures (e.g., channels, dies, erase units, pages) may be virtualized such that one or more of
the corresponding hierarchical structures may be held in reserve, the address-space division between
the hierarchical structures is maintained. Thus, once the channel field of an LBA is resolved to a
particular channel, it is assured that, despite possible virtualization of the sub-hierarchical fields (i.e., die
field, erase unit field and/or page field within the LBA), the LBA will ultimately resolve to a physical page
on a physical die on that particular channel. This principle holds true for each level of the structural
hierarchy so that once the LBA is resolved to a particular die, it is assured that the remaining erase unit
and page fields, even if one or both are virtualized, will resolve to a physical page within that die, and
likewise an LBA resolved to a particular erase unit is assured to specify a physical page within that erase
unit, despite possible virtualization of the LBA’s page field. Through this arrangement, it becomes
possible to virtualize physical structures at each hierarchical level within the flash device while
guaranteeing access to discrete subdivisions of the flash storage and thereby permitting, for example,
specification of discrete subsets of dies and channels (or even finer-grained hierarchical elements where
it makes sense to do so) to respective block devices specified within the block device configuration

storage.

[0039] Figure 4 illustrates an exemplary (and not necessarily complete) block device allocation and
configuration within the flash device of Figure 3 effected, for example, using the block device allocator
described in reference to Figure 2. As shown, five block devices, BD0-BD4, are allocated, with each block
device being constituted by one or more flash dies that are collectively associated with one or more
memory channels (i.e., in this example, the smallest allocable block device is a single flash device). The
block device configuration storage (BD Config) includes a block device lookup table (BD LUT) that is
indexed by a block device identifier (BDid which may be, for example, a namespace or other handle or
identifier) and holds, for example and without limitation, a specification of the one or more channels
spanned by the block device (i.e., “constituent channels”) and the one or more dies on the constituent
channels. For instance, block device 0 (BDO) spans channels 0 and 1, and includes dies 0 and 1 on the
constituent channels and thus includes four flash dies in all. Block device 1 is similarly defined as
encompassing a 2x2 set of flash dies, but spans channels 2 and 3 instead of 0 and 1 and thus forms an

entirely discrete storage area (i.e., no physical overlap) with respect to block device 0. Block device 2
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spans a single channel (channel 0) and flash dies 2-5 on that channel, and thus also constitutes a four-die
block device, but without the channel parallelism of block devices 0 and 1 (i.e., a 1x4 block device
instead of a 2x2 block device). Block device 3 is also a four-die 1x4 block device, but is constituted by
allocation of dies 2-5 on channel 1 instead of channel 0. Lastly, block device 4 is a 16-die block device
that includes a single die (die 6) all 16 channels — that is, a 16x1 block device. Thus, of the overall set of
five allocated block devices, four block devices (BD0-BD3) include discrete sets of four constituent dies
and thus have a 32GB pseudo-physical storage capacity (i.e., each die includes a pseudo physical count
of 2048 erase units, each containing 256 16KB pages and thus 2'1*23%214 bytes or 8GB) and the fifth
block device (BD4) includes a discrete set of sixteen dies and thus a 128 GB pseudo physical storage
capacity. Also, in this particular example, the channel and die identifiers recorded within the block
device lookup table correspond one-for-one with underlying physical channels and dies within the flash
device as neither of those elements of the structural hierarchy are virtualized. In alternative

embodiments or configurations of the flash device, either or both of those elements may be virtualized.

[0040] Continuing with Figure 4, each entry within the block device lookup table additionally
includes an index to a respective set of one or more entries within an ASL lookup table (ASL LUT), with
each ASL lookup table entry including ASL (address space layout) parameterizations and feature control
settings for the complete or partial LBA range of the corresponding block device. In the particular
example shown, ASL/feature-control parameter settings for three different block devices are illustrated,
including a uniform ASL/feature-control parameterization within block device 0 (i.e., parameterization
applies uniformly to the entire LBA range of the block device — there are no subspace definitions),
another uniform ASL/feature- control parameterization with block device 2, and another multi-subspace
ASL/feature-control parameterization within block device 4, with separate ASLs defined for each of
multiple LBA ranges within the block device, only two of which are shown. Entries for block devices 1

and 3 are also present in the ASL lookup table, but not specifically shown in Figure 4.

[0041] As discussed above, the ASL parameters define the manner in which sequential LBAs are
distributed within the structural hierarchy of the block device and thus indicate the number of pages
within the same erase unit (i.e., “seqPg”) to which sequential LBAs apply before progressing to page(s) in
the next erase unit, and then the number of erase units to be sequentially accessed within a given die
(“seqEU”) before progressing to the next die, and then the number of dies to be accessed on a given
channel (“seqDie”) before progressing to the next channel. The feature control parameters include, for

example and without limitation, whether read caching and write caching are to be enabled
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(independently settable via the rdC and wrC fields of the ASL lookup table entry) for the block device or
subspace thereof, the number of pages that may be simultaneously or concurrently written to or read
from within the same erase unit (nPa), and the number of erase-unit planes to be concurrently accessed
in a given write or read command sequence (nPl). In general, read caching is a double-buffering
construct that enables data retrieved from an address-selected storage page and stored within the flash
die’s page register (i.e., a buffer element that temporarily holds outbound page-read data and inbound
page-write data) to be output from the flash die concurrently with transfer of subsequently selected
storage-page data to the page register, and write caching is a similar double-buffering arrangement that
enables concurrency during page-write operations. Thus, the read and write page caching features,
when enabled, reduce net latency of a sequence of read or write operations, respectively. In general,
page caching scales (e.g., multiples according to cache depth) the effective size of the page register and
thus correspondingly raises the minimum data transfer size imposed on the host in a given page read or
write operation. For simplicity of understanding, page caching in both the read and write directions is
disabled (i.e., “off”) within the exemplary ASL lookup table entries shown. Multi-page operation (i.e.,
nPA set to a value greater than one) and multi-plane operation (nPl set to a value greater than 1)
likewise raise the minimum data transfer size between the host and memory controller. In the specific
examples shown in the ASL lookup table of Figure 4, multi-page operation is disabled at least within
block devices 0, 2 and 4, and multi-plane operation is disabled at least within block devices 2 and 4. By
contrast, dual-plane operation (nPl=2) is specified for block device 0, thus doubling the number of
concurrently written pages (a block device characteristic referred to herein as a “stripe size” or “frontier
width”) as compared to a physically-comparable block device (e.g., block device 1) configured for single-

plane operation.

[0042] Still referring to Figure 4, the singular values (‘1’) recorded for the LBA-sequencing ASL
parameters within the ASL lookup table entry for block device 0 dictate that LBAs are to be distributed
widely through the structural hierarchy of the flash device with, for example, each page of a sequentially
addressed set of four pages (and thus a sequential range of 16 LBAs given the sLB=4KB logical block size
setting) being read or written within a different one of the four constituent dies of the block device, thus
effecting 4x (“multiplied-by-four”) parallelism in the page read or write operation and thus
approximately a 4x bandwidth increase over a configuration that directs four sequential page read or
write accesses to the same erase unit within a given die. In actuality, the dual plane setting within block
device 0 doubles the number of concurrently accessed pages within each of the four constituent flash

memory dies of block device 0, thus establishing an 8-page stripe size and thus read and write
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bandwidths that are approximately eight times the baseline single page read and write bandwidths of a
given flash die. By contrast, block device 1 which otherwise constitutes the same 2x2 die-layout as block
device 0, is configured with a deep (rather than wide) address space layout and with only single-plane
access throughout its LBA range. Thus, pages falling within a sequential LBA range of block device 1 are
mapped to physical pages within an erase unit until the end of that erase unit is reached (i.e., “Pg/EU"),
with the LBA range thereafter continuing through the physical pages of a next erase unit and then the
next until the final erase unit (EU/Die) within the die has been traversed, with the LBA range thereafter
continuing through the pages and erase units of the next die on the same channel before carrying over
to EUs and dies on an adjacent channel. In general because the stripe size is very narrow (i.e., a single
page and thus as narrow as possible in the exemplary flash memory die shown), only a single erase unit
is impacted by each page write operation and thus, despite the relatively low write bandwidth (i.e.,
16KB/tproc in contrast to the 8*16KB/trroc bandwidth achieved by the 8x wider stripe size in block device
0), write-induced wear resulting from, for example, storage of a 16MB host segment, will occur in only a
relatively small number of erase units and dies — four 4MB erase units within the same die in this
example — in contrast to the storage of each of the 1024 16KB pages within a respective one of the 1024
erase units of block device 0 (i.e., each of the 256 erase units within each of the four dies is written to
and thus worn to some degree). Conceptually, while the total page wear is equivalent in both block die
configurations (the same number of pages is written), the wear within narrower-stripe-size (i.e., deeper,
but lower bandwidth) block device 1 is concentrated within a much smaller number dies (and potentially
erase units as well), simplifying wear-leveling operations and thus raising endurance of the block device
as compared to wider, higher-bandwidth block device 0. In general, all these considerations are made
available to the user/system designer in configuring the block devices, as the designer is able to directly,
or with the aid of the block device allocator, specify ASL and feature-control parameters that strike a
design balance between endurance and bandwidth requirements of a given application, potentially
configuring block devices having widely varying performance characteristics within the same flash

memory device, as illustrated by block devices 0-4 in Figure 4.

[0043] Concluding with Figure 4, the ASL lookup table includes multiple entries (and thus multiple
subspace definitions) for block device 4, with an initial entry specifying a 4K LBA range (0-4095) mapped
for high 1/0 bandwidth (i.e., 16-page stripe size as the write frontier spans all sixteen of the flash dies
within the block device) and another entry specifying a subsequent 4K LBA range mapped for endurance
(single-page stripe size). One or more other subspace definitions {(not shown) complete the LBA range

mapping of block device 4.
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[0044] Figure 5 illustrates a host perspective of the exemplary block device allocations and
configurations presented in Figure 4, showing relative block device capacities by the area/footprint of
the block devices (as will be the case within the physical flash storage media) and illustrating relative
block device bandwidths according to block device width (left-to-right across the drawing figure). Thus,
block devices 0-3 all have the same four-die, 32GB capacity and thus have the same footprint (i.e.,
spanning an equivalent area within the figure), while block device 4, encompassing four times as many
flash dies as each of the other block devices has a correspondingly larger 128GB capacity. Also, block
devices 0, 1, 2, 3 and 4 are depicted with respective widths according to their nominal maximum 1/0
bandwidths of 8x, 1x, 1x, 2x and 16x, respectively, where each non-unity multiplier scales the baseline
read and write bandwidths (i.e., 1/treap and 1/tproc). As shown in detail view 251, the signaling
bandwidth of block device 4 varies according to subspace, having a high (16x) bandwidth in the initial
LBA range, and a 1x bandwidth in the LBA range that follows (i.e., in accordance with the respective
subspace stripe sizes of 256KB and 16KB). Note also that actual block device bandwidths may be
constrained by peak channel and/or host interface signaling rates, particularly in the case of memory
read operations. For example, because the host interface is shared between all block devices (at least in
the single host-interface embodiment shown in Figures 3 and 4) and individual access channels may be
shared by as many as eight block devices (or more or fewer according to the number of flash dies per
channel), operations executed in one block device may cut into the signaling bandwidth needed for
peak-rate operation within another block device, particularly where numerous high-bandwidth block
devices share the same signaling access channel or a large number of block devices are allocated within
the flash device (which may saturate the host interface during occasional concurrent read access within

a threshold number of block devices).

[0045] Figure 5 also presents a non-exhaustive list of flash device performance characteristics and
features enabled by hierarchical address virtualization within the memory controller and configurable
block device allocation, including (i) a configurable and predictable 1/O latency, (ii) brief or otherwise
negligible logical-to-physical (“L2P”) address translation time (or at least dramatically reduced L2P time
relative to operating modes that invoke a flash translation layer), {iii) allocation of discrete defect-free
block devices in user-specified quantities and capacities, (iv) host-scheduled maintenance of flash-
device-identified segments {(or other logical units of storage), and (v) forward compatibility/ease of
migration as flash device capacities and feature sets expand in successive device generations. Each of

these characteristics/features is discussed in greater detail below.
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[0046] Figure 6 illustrates an exemplary pair of block device configurations that demonstrate the
configurable and predictable 1/0 latency enabled by the pseudo-expositive flash device described above
(i.e., flash device having a pseudo-expositive memory controller) and the user-configurable block device
allocation therein. These configurations will be respectively referred to as “configuration A” and
“configuration B,” with it being understood that a device may be reconfigured dynamically or otherwise
as desired, as indicated by the presence of a migration arrow separating these two configurations. As
shown, each of the block configurations features a 2x2 disposition of four dies (i.e., two dies coupled to
channel 0 and two dies coupled to channel 1) and two planes of erase units within each die. That is, the
block device configurations represent physically identical geometry and capability. However, by
programming a wide and shallow ASL (i.e., ASL parameters set to distribute sequential LBAs through a
minimum number of physical structures at each level of the structural hierarchy) and enabling dual-
plane operation, an 8-page I/O stripe width is implemented with block configuration A and thus an 8
page/teroc Write bandwidth and 8 page/treap read bandwidth, assuming sufficient overhead within the
host-interface and flash-die access channels (as indicated by the 8 EU’s in bold in the left-most grouping
of 4 dies in figure 6). By contrast, block device configuration B features a narrow and deep ASL (i.e., ASL
parameters set to distribute sequential LBAs through a maximum number of physical (or pseudo-
physical) structures at each level of the structural hierarchy) and for single-plane operation, so that a
single-page stripe size is established and thus write and read bandwidths of only 1 page/tpros and 1
page/trean, respectively. As explained above, the sequencing of LBAs through all the physical (or pseudo-
physical) structures of a given die before proceeding to the next die increases endurance of the block
device relative to its wider-stripe-width counterpart. Accordingly, the ASL of a given block device within
the pseudo-expositive flash device may be tuned to meet endurance and bandwidth targets of a given

application.

[0047] Figure 7 illustrates an exemplary generation of a physical block address in response to an
incoming LBA (i.e., logical block address provided by host in connection/association with a memory
access or maintenance operation) and block device ID (BDid). As shown, the block device ID is applied to
a block device lookup table (e.g., as described in reference to Figure 4) to retrieve information
identifying the channels and dies that constitute the block device (i.e., allocated to the block device) and
thus, base die and base channel values that specify starting boundaries within a physical or pseudo-
physical die matrix, together with parameters that indicate a number of channels and dies per channel

spanned by the block device (Chans, Dies/Chan). In other embodiments, the constituent dies and
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channels of the block device may be specified in other ways (e.g., list of specifically identifiable dies,

starting channel/ending channel together with starting die/ending die, etc.).

[0048] In the implementation shown, the block device lookup table also outputs an ASL lookup
address to the ASL lookup table. The ASL lookup table, in turn, outputs the recorded ASL parameters
(including logical block size if implemented as a variable parameter) to an ASL generation logic block
which in turn outputs an address-space-layout value that enables the incoming LBA to be decomposed

IM

into a set of hierarchical “sub-address” values, one sub-address for the group of elements at each
respective level of the structural hierarchy within the flash device (e.g., channel sub-address, die sub-

address, erase-unit sub-address, page sub-address).

[0049] This LBA decomposition into sub-addresses is easiest understood by considering the special
case in which each sub-address maps to a power-of-two number of corresponding hierarchical elements
(e.g., 2% channels, 22 dies per channel, 2! erase units per die, 2 pages per erase unit) as, in that case,
the ASL indicates, in effect, the location of discrete bit fields within the incoming LBA that correspond to
respective levels of the structural hierarchy. Moreover, as shown in the shaded examples of ASLs for
block devices 0-4 (BD0-BD4) at, the ASL also identifies the position of each discrete bit field within the
ASL — a consequence of the sequential LBA assignment parameters described above in reference to
Figures 4 and 5. Considering the ASL for block device 0, for example, it can be seen that, except for the
page offset fixed at the lowest bits of the incoming LBA, the channel sub-address field constitutes the
least significant field of the BDO ASL, followed by the die sub-address field, the erase-unit sub-address
field and then the page-address sub-address field. Accordingly, assuming for example that the page
offset is a two-bit field such that four logical blocks are stored within each flash page, then every fourth
LBA in a linear sequence of LBAs will be written within a die on a different channel with modulo wrap
around to an initial channel after a die on the final channel has been written. By contrast, the sub-
address (or field) order in the block 1 ASL is exactly the opposite that of block device 0 (excepting the
least-significant page offset field), such that pages are sequenced first, then erase-units, then dies, and

then channels at the end.

[0050] Continuing with Figure 7, as the ASL indicates how the individual hierarchical sub-address
fields have been packed or encoded within the incoming logical block address, that value is supplied to
pseudo-physical address generator and used therein to extract (or unpack or decode) or otherwise
recover the individual hierarchical sub-addresses. In the particular example shown, the erase-unit sub-

address (EUvirt) is assumed to be a virtual address (e.g., resolving between 2048 possible erase units
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within a die having, in actuality, some larger number of erase units) which is therefore supplied to a sub-
address translation table (or lookup table) for un-mapping to the physical address of the erase unit to be
accessed. In the particular example shown, the remaining sub-address fields are assumed to be physical
addresses corresponding to respective levels of the structural hierarchy so that those sub-address fields,
together with the output of the translated erase-unit address (EUphys) constitute a physical block
address that may be supplied to address decoding logic to issue the necessary control and enable signals

to effect access to the specified page of flash storage (at the offset specified by the page offset).

[0051] In an alternative embodiment, the channel, die, page and page-offset sub-addresses (or any
subset thereof) recovered from the LBA are also virtual addresses and thus supplied to respective sub-
address translation or lookup tables (Ch LUT, Die LUT, Pg LUT, PO LUT) to obtain or generate the
corresponding physical sub-addresses. More generally, any or all of the sub-address fields (including the
page offset) recovered from the inbound LBA may be virtual addresses that are converted to physical
addresses through translation/lookup operations. Also, two or more of the lookup tables for different
hierarchical levels may be merged or combined. For example, the channel and die lookup tables may be
merged to enable a two-dimensional lookup, thus virtualizing the die array as a whole and enabling any
die on any channel to be interchanged (i.e., through virtual-to-physical address translation) with any

other die on the same channel or any other channel.

[0052] A conceptual view of an erase-unit virtual-to-physical (V2P) translation table
implementation is shown conceptually in the bottom portion of Figure 7 to demonstrate that a channel
and die, selected by one of numerous constituent erase-unit lookup tables (or translation tables) is
selected to yield the physical erase-unit address (i.e., to provide for independent erase-unit mapping

from die to die). Various other implementations may be deployed in alternative embodiments.

[0053] A number of points bear emphasis in view of Figure 7. First, as the individual sub-address
fields are, by virtue of block device and ASL programming, modulo-encoded into the incoming logical
block address (e.g., as respective bit-fields in the power-of-two example shown), the sub-address values
may be deterministically (e.g., algorithmically) recovered from the logical block address extremely
quickly and efficiently, avoiding altogether the generally enormous translation data storage (e.g., trie
structures and the like) and extensive translation times required for FTL operating modes or
implementations. Moreover, the very presence of the sub-address values within the logical block
address (i.e., the logical block address may be viewed as a tuple of the hierarchical sub-address values

made possible by the pseudo-physical specification of the block device and in which the sub-address
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values that form the tuple may be re-ordered in a variety of ways and even fragmented in accordance
with the user-specified address space layout for a block device or subspace therein) effects an assurance
to the host that LBAs containing the same sub-addresses down to a given hierarchical level will resolve
to the same physical resource. For example, LBAs containing the same channel sub-address are ensured
to access a die on the sub-address-identified channel. Similarly, LBAs containing the same channel and
die sub-addresses are ensured to access an erase unit within the same die, and so forth. Moreover, any
of the sub-addresses may be encoded into the LBA as a virtual address — that is a sub-address value that
virtualizes the corresponding (and compartmentalized) physical resource. Thus, even though a given
LBA may be assured to resolve to a desired die (virtual or physical), a virtualized erase-unit sub-address
enables the underlying physical resources within that die to be swapped in and out of service as

necessary, all without impacting the linear address space and performance perceived by the host.

[0054] Also note that the depicted architecture permits address translation to be reduced to
relatively simple operations that can be implemented using logic gates and lookup tables, that is, in a
manner that can be performed extremely fast, e.g., on an intra-cycle basis (i.e., in less than a clock cycle)
or at most using only a handful of clock cycles. For example, as will be discussed below, a memory
controller can offload address translation to a set of logic gates and prepopulated lookup tables, which
can perform address translation without requiring processor clock cycles. On-board logic can then
update the lookup tables and/or metadata as appropriate, in a manner that does not encumber 1/0
latency. By contradistinction, conventional flash memory tables which map a logical page address to
potentially any wordline in flash memory device typically require gigabit-size translation tables, with
translation only being performed using a substantial number of using processor cycles. This
architecture, once again, helps streamline 1/O latency, rendering it far more predictable, and reduces

address translation time to a negligible quantity.

[0055] As discussed above, the exemplary ASL bit-field maps shown in Figure 7 for the different
block devices assume a power-of-two quantity of physical resources at each hierarchical level in the
flash. In the more general case, the resources at any or all physical levels may not be power-of-two
quantities and thus complicate the picture of sub-address encoding. For example, assuming a 3-
channel, 5-die block device allocation in which each die contains 2000 pseudo-physical erase units and
400 pages per erase unit, the total LBA range (assuming four LBAs per page) will span from 0 to
3*5*2000*400*4 (where ‘*’ denotes multiplication) and thus from 0 to 48,000,000-1 and thus only part

of the range represented by the smallest sufficient binary address size 2226. Moreover, because each
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element of the tuple that constitutes a given logical block address ranges between 0 and a non-power-
of-2 maximum (i.e., magnitude of individual tuple elements are not, in all cases, power of 2 numbers),
the sub-addresses of different hierarchical groups of structures (i.e., channels, dies, erase units, pages,
etc.) do not fall within discrete bit fields. Said another way, the power-of-two ASL examples shown in
Figure 7 are a special case of a more general solution in which sub-address fields are recovered using
modulo arithmetic that reflects the tuple composition of the logical block address. Once again, as
depicted, such an architecture can be easily implemented entirely or primarily in hardware, thus

reducing translation times to negligible levels.

[0056] Figure 8 illustrates a conceptual implementation of an address generation module that may
be used to extract (or recover) sub-address values from an inbound LBA regardless of whether the
magnitude of individual tuple elements (i.e., number of channels, number of dies/channel, number of
erase units/die, number of pages/erase unit) are power-of-two numbers or not. Asin Figure 7, any or all
of the hierarchical sub-address values, once recovered, may be converted from virtual to physical sub-
addresses to collectively form an inbound physical block address (PBA), adding offsets to reflect the base
channel and base die of the block device. For reasons discussed in further detail below, the address
generator is implemented bi-directionally. That is, essentially the same operations executed to yield a
PBA from an inbound LBA may be executed in reverse to produce an outbound LBA from a physical
block address, thus enabling status regarding a given physical resource within the flash device to be
reported to the host in terms of the LBA mapping that the host understands. Note that this information
can be used to provide context to a host in order for a host to schedule maintenance or data movement
(e.g., data migration or garbage collection) to preselected locations (e.g., where the logical address
locations corresponding to the data are matched to the wear of a destination physical location, or where
logical address locations having similar age, write frequency and/or read frequency characteristics are
grouped together), as discussed in the copending application "Techniques for Data Migration Based On

Per-Data Metrics and Memory Degradation"” which as been incorporated by reference, as noted earlier.

[0057] Referring first to the inbound LBA path, an ASL value (e.g., generated per the ASL lookup
table entry as discussed in reference to Figure 7) that describes the order of tuple elements within the
inbound LBA is supplied to a pair of steering circuits that yield a set of divisors -- products of individual
tuple elements. More specifically, a magnitude steering circuit selects, as magnitudes of the three least
significant tuple elements within the inbound LBA (a four-tuple LBA is assumed in this example, having

as tuple elements, a channel sub-address, die sub-address erase-unit sub-address, and page sub-address
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in any order), from among the block device configuration settings for structural element quantities (i.e,
number of allocated channels, number of allocated dies, number of allocated erase units, number of
allocated pages) to produce divisor values that reflect strides within the LBA (after scaling to account for
the page offset -- the “scaled LBA” or “offset-scaled LBA”) at which boundaries between different
members of the same structural group occur. Thus, in the 3-channel, 5-die, 2000 erase-unit, 400 page
example above, if the tuple elements are ordered from most to least significant as channel sub-address,
die sub-address, erase-unit sub-address, page sub-address, then the tuple element magnitudes will be
400, 2000, and 5, for elements 0, 1 and 2, respectively. Accordingly, the divisors supplied to the divisor
steering logic will be DM1=200, DM2=400*2000=800,000 and DM3=400*2000*5=4,000,000. The divisor
steering logic serves to route the divisors to the appropriate sub-address generation paths according to
the tuple order specified in the ASL value and thus, continuing with the 3 channel, 5 die, 2000 erase unit,
400 page example (i.e., in tuple notation: “(3,5, 2000, 400)”), the channel sub-address path will receive
the 400*2000*5 divisor (reflecting that a different channel is specified at each 4,000,000 increment in
the scaled LBA), the die sub-address path will receive the 400*%2000 divisor (reflecting that a different
die is specified at each 800,000 increment in the scaled LBA) and the erase-unit sub-address path will
receive the 400 divisor (reflecting that a different erase unit is specified at each 400 increment in the
scaled LBA). The sub-address path for the least significant tuple element will receive a unity divisor (i.e.,

‘1’), reflecting that a different page is specified at each increment of the scaled LBA.

[0058] Still referring to the inbound LBA path of Figure 8, after divisors have been applied to the
scaled LBA (i.e., integer division as reflected by the ‘/’ operator in divider logic elements), the results
(integer-valued quotients) are subject to modulo operations (i.e., modulo 400, 2000, 5 and 3 for the
respective sub-addresses) within the “mod” logic elements to yield sub-address values which, in the
example shown, are assumed to be virtual sub-address values. As shown, the virtual sub-addresses are
supplied to respective (or joint) lookup/translation modules to generate physical sub-address
counterparts generally as described above in reference to Figure 7. Any or all of the modulo logic

outputs may be physical sub-address values in alternative embodiments.

[0059] Still referring to Figure 8, the outbound PBA/LBA path is essentially the reverse of the
inbound path, converting physical sub-address into virtual sub-addresses as necessary, multiplying by
the steered divisor value (now a multiplier and hence a “divisor-multiplier”), and then summing the
multiplied sub-address values to form the four-tuple LBA output (merging in the page offset to yield the

full-range rather than offset-scaled LBA).
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[0060] Figure 9 illustrates an exemplary virtualization of erase units within a four-die (2 dies by 2
channels) block device that demonstrate the discrete defect-free block device exposition enabled by the
various pseudo-expositive flash device embodiments described above. In the example shown, the ASL is
configured similarly to that of block device in the left-most portion of Figure 6, but with only single-
plane operation, thus establishing a four-page stripe width. For purposes of example the erase units
into which the first sixteen pages of data are enumerated within the erase-unit elements themselves.
Further, it is assumed that the erase unit population is larger than the virtual erase unit address field
within each incoming LBA such that some number of spare erase units is available within each die.
Accordingly, upon determining that the erase unit shown at the bottom right corner of the fourth die is
defective, the pseudo-expositive memory controller remaps the LBA that would otherwise resolve to the
defective erase unit to a spare erase unit within the same die. That is, the fifth page of data that might
otherwise be written to the defective erase unit is, through translation of the virtual address field within
the incoming LBA to a physical address field as discussed above, re-directed to the spare page entirely
transparently to the host write requestor. Impending run-time detected erase-unit failures in dies
marked ‘X’ result in similar re-mapping and data move operations (i.e., prior to complete failure of the
suspect erase units) again permitting the host to perceive the block device as a discrete defect-free
storage entity. As discussed above, any other resources within the structural hierarchy of the flash
device (including particularly those most likely to fail), such as dies, planes, pages or even channels may
be virtualized and pseudo-exposed to the host in a manner that preserves one or more spares. In all
such cases, the host may configure the number of structural elements reserved as spares on a flash-
device-wide or block-device basis, for example, after requesting and receiving a physical geometry
description from the flash device, including a reporting of the number of failed or suspect elements at
each level of the structural hierarchy. Such spare-setting (or reserve pool specification) may be carried
out, for example, in connection with block device programming within the block device allocator
described above in reference to Figure 2 (e.g., programming the number of spares to be reserved,
percentage of spares to be reserved, size of virtual address field and thus the allocable number of
structural elements, etc.) and may be assisted by receiving a default reserve pool recommendation from
the memory controller (which default may be applied to allocated block devices absent host

programming of a different setting.

[0061] Still referring to Figure 9, the pseudo-physical host perspective of block device remains static
and defect free, despite ongoing failure events (and/or removal of erase units or other virtualized

structural elements from service for wear leveling, garbage collection, scrubbing or other maintenance
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or operational reasons). The remapping of address information by the memory controller using the

identified translation scheme once again helps streamline 1/0 latency, as discussed earlier.

[0062] Figure 10 demonstrates an exemplary sequence of operations coordinated between the
pseudo-expositive flash memory controller and host file server to enable host-scheduled maintenance
of flash-device-identified units of data, and more specifically segments in this example. The device tracks
statistics and environmental status of the memory looking for indications that a portion of the data
needs maintenance driven by a physical resource. An example of a maintenance operation might be that
data has resided on a given EU for a time long enough to approach a maximum estimated safe retention
time. An event could be set to trigger at a threshold of safety previously selected by to host and
communicated to the device. Once that event has been triggered, the device translates the physical
location though the previous block device and ASL map structures in order to identify the segment as a
host LBA in which the physical resource resides. When the host has received the notification of the
event, along with the associated segment LBA address, length, and event type, the host may elect to
handle that event in a number of ways. Host issued instructions may garbage collect, copy, move, or
discard data in manner the best benefits the overall efficiency of the system. Those instructions may be
mixed into the overall system scheduling. Note that in contradistinction to conventional approaches
(e.g., where an entire address space is garbage collected, in a device-wide operation delegated to a
memory controller) that this approach permits the host to command specific maintenance operations to
specific hierarchies, for example, by command to perform maintenance on a specific EU; to this effect,
the host transmits a maintenance command with a specific block address, which the memory controller
uses to perform maintenance on a host-selected or host-specified address range, conveyed by or in
connection the maintenance command. Once data has been relocated or discarded, a segment of

interest may be erased.

[0063] Figure 11 illustrates a forward (and reverse) compatibility between successive flash
generations that is enabled by the pseudo-expositive flash device in combination with the block device
allocator discussed above in reference to Figure 2. Assume, for example, that the block device allocator
was initially executed in connection with a generation ‘A’ flash device having a page size ‘K’, to configure
a block device having a four-page stripe size. For ease of illustration, the K-sized pages are assumed
sufficiently large that each erase unit contains only two pages, and that each host segment spans four
erase units. Thus, a first host segment (“Seg0”) is striped across the four dies of the block device and

fills erase unit 0 within each die, being stored in eight pages total (pages 0-7), while a second host
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segment (“Segl”) is stored within erase unit 1 of the four dies and thus in pages 8-15. Assume as a
forward-compatibility example, that a next generation “GenB” flash device is to be deployed in
combination with or in place of a “GenA” flash device, and that page size has doubled to 2K so that the
overall flash device capacity has doubled in GenB (i.e., there are the same number of pages per erase
unit, erase units per die, dies per channel and channels as in the GenA device so that the doubled page
size doubles the capacity of every element in the structural hierarchy). In this case, assuming further
that the page read and write times (treap and terog) have also doubled between the two flash device
generations, then the user/designer may re-run the block device allocator with an unchanged set of
block device specifications (i.e., in terms of read and write bandwidth, at least) to yield a block device
allocation and ASL within the GenB device that matches the performance characteristics of the
counterpart block device within the GenA flash device, albeit at double capacity. For example, as shown
in Figure 11, the block device allocator may define the ASL such that the stripe width still spans four
pages (i.e., a page within each of the four allocated dies) so that the reduced write bandwidth (due to
the 2x higher GenB tProg) is offset by the doubled page size. Thus, the two segments previously stored
within the GenA drive may be written to the GenB drive with the same bandwidth, but now occupy only
half the number of erase units (as their capacity has doubled) as in the GenA storage. Note that Segl
may, through different ASL specification, be stored within dies 0 and lof the GenB flash device instead
of dies 2 and 3, thus raising endurance of the flash device at the cost of reduced write bandwidth.
Changing the example so that the tPROG and tREAD times remain unchanged in the GenB device, then
the alternative segment 1 storage destination (i.e., alternative ASL specification) within dies 0 and 1 may
be preferable, as the two-die stripe size in the GenB device would yield the same write bandwidth as the
four-die stripe size in the GenA device. That is, sequencing more narrowly through dies 0 and 1 (instead
of more broadly across all four dies) will yield a higher endurance result with approximately the same
read/write bandwidth. As discussed above, the ASL may be further tuned to vield a desired balance

between endurance and I/0 bandwidth.

[0064] Figure 12 illustrates more detail regarding pseudo-physical geometry export options within a
flash device having multi-plane flash dies. In the particular example shown, it is assumed that each die
within the flash device, exemplified by “Die 0” includes N erase units distributed evenly between even
and odd erase-unit planes (i.e., N/2 erase units per plane). In general, the die may be switched on the
fly, according to incoming command sequences, between single-plane and multi-plane operation. Once
again, therefore, the same die (“Die 0”) is illustrated in duplicate to discuss multiple alternate

configurations; the pseudo-expositive memory controller may operate the die in one of several different
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pseudo-physical modes including, an opportunistic single-plane mode, an exclusively multi-plane mode,
and a range-split hybrid mode in which a portion of the pseudo-physical or physical erase units within
the die are operated in opportunistic single-plane mode and another portion of the erase units are
operated in exclusively multi-plane mode. In each of the pseudo-physical operating modes, the erase
unit field of an incoming LBA resolves to fewer than N erase units. For example, the erase unit field
resolves to any one of M erase units in single-plane mode, to any one of M/2 double-width erase units
(i.e., logical combination of paired erase units drawn respectively from the odd and even planes) in dual
plane mode and any one of K single-plane erase units or J double-width erase units in the hybrid split-

range mode, where M<N and K+2J<N.

[0065] In opportunistic single-plane mode, the flash die is generally accessed one erase-unit at a
time (or more accurately one page within one erase unit at a time, for reads and writes), occasionally
executing a dual-plane command where a pair of successive accesses are directed respectively to erase
units within the odd and even planes. By contrast, when configured for dual plane mode, each host
requested memory access is translated by the memory controller into a dual plane command sequence
that accesses a matched pair of erase units within each of the odd and even planes (i.e., one odd-plane
erase unit and a counterpart even-plane erase unit). Accordingly, the page registers and erase units are
viewed, from a pseudo-physical perspective, as double-width elements as compared to individual page
registers and erase units in single-plane mode. Moreover, the total number of erase units is halved (by
the effective merging of the two planes) so that the pseudo physical address range is reconfigured to
account for half the number of virtually addressable erase units within the die, and double the number

of logical blocks per page.

[0066] Still referring to Figure 12, the split-range hybrid mode, due to its dual range-divided
configuration, permits single-plane commands and opportunistic multi-plane command sequences
within the single-plane address range (i.e., logical addresses that resolve to erase units below pseudo-
physical erase unit K), and requires exclusively multi-plane command sequences within the dual-plane
address range. In alternative embodiments, the ordering of the dual-plane and single-plane ranges may
be reversed (i.e., dual-plane at lower rather than higher-ordered addresses) and the total number of

different ranges may be greater than the two shown.

[0067] Figure 13 illustrates additional operations that may be managed by embodiments of the
pseudo-exposition. Once again, “Die 0” is shown in multiple, alternate configurations. A defective erase

unit detected within a given plane of a multi-plane capable die may be mapped (logically replaced) by an
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otherwise reserved erase unit within the same plane as shown in the two pseudo-physical views of die
zero. This enables opportunistic multi-plane operations to continue when the die is configured for
single-plane operation, and permits multi-plane operations to proceed entirely transparently to the

host.

[0068] Figure 14 illustrates one embodiment of various techniques illustrated above, implemented
as a memory controller integrated circuit (IC). As noted by the figure, in one version, such an IC can be
implemented as a field-programmable gate array (FPGA) having logic gates and lookup tables (e.g.,
circuitry) configured to provide fast address translation as discussed above; this is not required for all
embodiments, and in other contemplated embodiments, a memory controller can be implemented as a
special purpose processor or other preconfigured integrated circuit, with or without the use of support
software (e.g., firmware). As depicted by the figure, the IC includes a host interface, which for example,
uses a standard communication interface framework (e.g., non-volatile memory express, or NVME or
Serial ATA) for packetized communications, where packets comprise commands, address and data, as
appropriate; note that this interface can be shared for commands directed to different channels or
devices, i.e., the commands and data to respective channels and/or dies are typically MUX'ed over this
channel for exchange between the memory controller IC and the host. Similarly, as discussed earlier,
the memory controller features a flash interface, whereby one or more channels are used to
communication with one or more memory devices. Each channel can consist of a set of links for address
and/or data (e.g., for packetized communication of address and data over a set of eight links), or can
feature separated address and databusses (as depicted by the optional, dashed-line links designated for
"data"). The memory controller IC also features hardware translation circuitry as mentioned (e.g., with
ASL parameters being used to configure address wrapping and distinction between hierarchical levels
and with LUTs used for address mapping at selected or predetermined levels of the hierarchy) and
buffers for buffering commands and/or data transfer as appropriate. In addition, the memory controller
IC in this embodiment can include supervisory logic (e.g., for responding to host queries, performing LUT
updates, and configuring parameters as appropriate, as well as for controlling sequencing and
maintenance operations in memory), a block-device designer and allocator section as discussed earlier
in connection with FIG. 2, and block device configuration elements, as appropriate. In one embodiment,
some or all of these functions can be implemented in the form of instructions stored on non-transitory

machine-readable media (e.g., firmware or software, for controlling one or more cores or processors).
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[0069] It should be noted that, as a step in their fabrication or other reification, the various circuits
disclosed herein may be described using computer aided design tools and expressed (or represented) as
data and/or instructions embodied in various computer-readable media, in terms of their behavioral,
register transfer, logic component, transistor, layout geometries, and/or other characteristics. Formats
of files and other objects in which such circuit expressions may be implemented include, but are not
limited to, formats supporting behavioral languages such as C, Verilog, and VHDL, formats supporting
register level description languages like RTL, and formats supporting geometry description languages
such as GDSII, GDSIII, GDSIV, CIF, MEBES and any other suitable formats and languages. Computer-
readable media in which such formatted data and/or instructions may be embodied include, but are not
limited to, computer storage media in various forms (e.g., optical, magnetic or semiconductor storage

media, whether independently distributed in that manner, or stored "in situ" in an operating system).

[0070] When received within a computer system via one or more computer-readable media, such
data and/or instruction-based expressions of the above described circuits may be processed by a
processing entity (e.g., one or more processors) within the computer system in conjunction with
execution of one or more other computer programs including, without limitation, net-list generation
programs, place and route programs and the like, to generate a representation or image of a physical
manifestation of such circuits. Such representation or image may thereafter be used in device
fabrication, for example, by enabling generation of one or more masks that are used to form various
components of the circuits in a device fabrication process. Any of the various methods and operational
sequences herein may likewise be recorded as one or more sequences of instructions on a computer-
readable medium and may be executed on a computing device to effectuate the disclosed method

and/or operational sequence.

[0001] Also, as noted, many of the techniques described herein can be employed in an apparatus, a
method, an integrated circuit, a system on-chip, a memory device, a memory controller, a host
processor, as a circuit description (i.e., that contains data structures defining fabrication parameters for
a processor, integrated circuit, device, or components of any of these things), as instructions stored on
machine-readable media (e.g., firmware or software intended for execution on one or more general
purpose machines), or as combinations of these things. In the case of software or other instructional
logic, the instructions are typically written or designed in a manner that has certain structure
(architectural features) such that, when they are ultimately executed, they cause the one or more

general purpose machines or hardware to behave as special purpose machines, having structure
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configured by the instructions to necessarily perform certain described tasks. "Non-transitory machine-
readable media" as used herein means any tangible (i.e., physical) storage medium, irrespective of how
data on that medium is stored, including without limitation, random access memory, hard disk memory,
optical memory, a floppy disk or CD, server storage, volatile memory and other tangible mechanisms
where instructions may subsequently be retrieved by a machine. The machine-readable media can be in
standalone form (e.g., a program disk) or embodied as part of a larger mechanism, for example, a
storage drive, CPU, laptop computer, portable or mobile device, server, data center, "blade" device,
subsystem, electronics "card," storage device, network, or other set of one or more other forms of
devices. The instructions can be implemented in different formats, for example, as metadata that when
called is effective to invoke a certain action, as Java code or scripting, as code written in a specific
programming language (e.g., as C++ code), as a processor-specific instruction set, or in some other form;
the instructions can also be executed by the same processor or different processors, depending on
embodiment. For example, in one implementation, instructions on non-transitory machine-readable
media can be executed by a single computer and, in other cases as noted, can be stored and/or
executed on a distributed basis, e.g., using one or more servers, web clients, or application-specific
devices. Each function mentioned in the disclosure or FIGS. can be implemented as part of a combined
program or as a standalone module, either stored together on a single media expression (e.g., single
floppy disk) or on multiple, separate storage devices. The same is also true for a circuit description for
fabricating cores, processors, devices or circuits described herein, i.e., the result of creating a design can
be stored in non-transitory machine-readable media for temporary or permanent use, either on the
same machine or for use on one or more other machines; for example, a circuit description or software
can be generated using a first machine, and then stored for transfer to a printer or manufacturing
device, e.g., for download via the internet (or another network) or for manual transport (e.g., via a
transport media such as a DVD) for use on another machine. Throughout this disclosure, various
processes will be described, any of which can generally be implemented as instructional logic
(instructions stored on non-transitory machine-readable media), as hardware logic, or as a combination
of these things. Depending on product design, such products can be fabricated to be in saleable form,
or as a preparatory step for other processing that will ultimately create finished products for sale,

distribution, exportation or importation.

[0071] In the foregoing description and in the accompanying drawings, specific terminology and
drawing symbols have been set forth to provide a thorough understanding of the present invention. In

some instances, the terminology and symbols may imply specific details that are not required to practice
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the invention. For example, any of the specific numbers of bits, signal path widths, signaling or
operating frequencies, device geometries and numbers of hierarchical structural elements (e.g.,
channels, dies, planes, erase units, pages, etc.), component circuits or devices and the like may be
different from those described above in alternative embodiments. Additionally, links or other
interconnection between integrated circuit devices or internal circuit elements or blocks may be shown
as buses or as single signal lines. Each of the buses may alternatively be a single signal line, and each of
the single signal lines may alternatively be buses. Signals and signaling links, however shown or
described, may be single-ended or differential. A signal driving circuit is said to “output” a signal to a
signal receiving circuit when the signal driving circuit asserts (or deasserts, if explicitly stated or
indicated by context) the signal on a signal line coupled between the signal driving and signal receiving
circuits. The term “coupled” is used herein to express a direct connection as well as a connection
through one or more intervening circuits or structures. Device “programming” may include, for example
and without limitation, loading a control value into a register or other storage circuit within an
integrated circuit device in response to a host instruction (and thus controlling an operational aspect of
the device and/or establishing a device configuration) or through a one-time programming operation
(e.g., blowing fuses within a configuration circuit during device production), and/or connecting one or
more selected pins or other contact structures of the device to reference voltage lines (also referred to
as strapping) to establish a particular device configuration or operation aspect of the device. The terms

“exemplary” and "embodiment"” are used to express an example, not a preference or requirement.

[0072] While the invention has been described with reference to specific embodiments thereof, it
will be evident that various modifications and changes may be made thereto without departing from the
broader spirit and scope. For example, features or aspects of any of the embodiments may be applied in
combination with any other of the embodiments disclosed herein and/or in materials incorporated by
reference or in place of counterpart features or aspects thereof. Accordingly, the specification and

drawings are to be regarded in an illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. (Original) A storage device comprising:
flash memory having physical erase units; and
circuitry to, for each of incoming data access requests,
derive a first address portion, a second address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second
address portion, and
identify an addressed storage location within the addressed segment from the third
address portion,
wherein the circuitry is to use a division operation on the third address portion to
identify a logical erase unit within the addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to
the identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to
remap each logical erase unit which corresponds to one of the physical erase units for
which the failure condition is detected to instead correspond to one of the physical
erase units for which the failure condition has not been detected and is to utilize the

remapped correspondence to service one or more of the incoming data access requests.

2. (Original) The storage device of claim 1 wherein:
said circuitry comprises at least one processor; and
the storage device further comprises instructions stored on at least one non-transitory storage
medium, said instructions when executed to control the at least one processor so as to

operate as special purpose circuitry.

3. (Original) The storage device of claim 1 wherein:
the incoming data access requests are read requests received from a host;
the storage device can receive a write request from the host, wherein the circuitry is to, for the
received write request, derive a first address portion, a second address portion and a

third address portion, identify an addressed block device from the first address portion,
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identify an addressed segment within the addressed block device from the second
address portion, identify a corresponding logical erase unit from the third address
portion and identify a physical erase unit which is mapped to the corresponding logical
erase unit;

the storage drive is to, in association with fulfillment of the received the write request, identify a
physical storage location in which associated write data has been stored and which is
associated with the corresponding logical erase unit, and to transmit information
representing the assigned address value to the host; and

for one of the read requests which is directed to data which has been written into the flash
memory pursuant to the received write request, at least one of the first address portion,
the second address portion or the third address portion associated with the one of the
read requests is dependent on the assigned address value which has been transmitted
to the host in association with the data which has been written into the flash memory

pursuant to the received write request.

4. (Original) The storage device of claim 1 wherein:
the storage device is to receive a maintenance request from a host which addresses a block
device and a segment within the block device addressed by the maintenance request;
and
the storage device comprises circuitry to erase, in association with execution of the
maintenance request, one or more of the physical erase units which are mapped to the

segment addressed by the maintenance request.

5. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
in connection with a given one of the incoming data access requests, the circuitry is to identify
and retrieve a look-up table specific to the addressed block device which was identified
from the first address portion derived from the given one and is to identify a physical

storage location in the flash memory dependent on the look-up table.

6. (Original) The storage device of claim 1 wherein:
the storage device further comprises circuitry to track metadata for the addressed segment,

where said metadata indicates an extent to which memory comprising at least one of
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the physical erase units mapped to the addressed segment can continue to receive
additional write data without being erased; and
the storage device further comprises circuitry to transmit information to a host dependent on

said tracked metadata.

7. (Original) The storage device of claim 1 wherein:

the incoming data access requests are read requests received from a host;

the storage device can receive write requests from the host, and the storage device comprises
circuitry to issue commands to the flash memory in fulfillment of the write requests;

the storage device is to assign an address value in association with fulfillment of each of the
write requests, in order to identify a physical storage location in which associated write
data has been stored, and comprises circuitry to transmit information representing each
assigned address value to the host; and

for one of the incoming data access requests which is directed to data which has been written
into the flash memory pursuant to one of the write requests, the addressed storage
location identified from the third portion is dependent on the assigned address value

which was transmitted to the host in association with the one of the write requests.

8. (Original) The storage device of claim 1 wherein:

the storage device can receive a request from a host to copy host-selected data from one
storage location in flash memory to another storage location in the flash memory, and
the storage device comprises circuitry to issue commands to the flash memory, in
response to the request from the host to copy, to read the host-selected data from a
first physical storage location in the flash memory and write the host-selected data to a
second physical storage location in the flash memory without sending the data being
copied to the host; and

the request from the host to copy is to designate destination address information corresponding
to the second physical storage location, wherein the storage device is to identify from
the destination address information a destination block device and an addressed
segment within the destination block device, and wherein the second physical storage

location corresponds to the addressed segment within the destination block device.
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9. (Original) The storage device of claim 8 wherein the storage device is to identify from the destination
address information a destination logical erase block and is to select the second physical storage

location in dependence on the identified destination logical erase block.

10. (Original) The storage device of claim 1 wherein the storage device is to store information identifying
a number of structures in the flash memory and is to transmit the information identifying the number of
structures to a host, wherein the host is to issue at least one request to the storage device in which the
at least one request is dependent on the information transmitted to the host identifying the number of
structures, and wherein the storage device comprises circuitry to fulfill the at least one request by
issuing commands to the flash memory for which a quantum of flash memory selected by the
commands which are issued in response to the at least one request is dependent on the information

transmitted to the host identifying the number of structures.

11. (Original) The storage device of claim 10 wherein the information transmitted to the host identifying

the number of structures identifies an amount of flash memory that is to be erased as a unit.

12. (Original) The storage device of claim 1 wherein the addressed segment corresponds to an integer
number of physical erase units for which the failure condition has not been detected, and the third
address portion specifies a location within a sequential range of locations that correspond to the integer

number of physical erase units.

13. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of
the block devices, the metadata representing a time since one or more physical
storage locations associated with the one of the block devices has been a
subject of a write operation,
compare the metadata to at least one threshold,
upon detection that specific metadata has satisfied the one or more thresholds, copy
data stored at one of the one or more physical storage locations associated with

the specific metadata from a first one of the physical erase units for which the
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failure condition has not been detected to a second one of the physical erase
units for which the failure condition has not been detected, and

remap the logical erase unit corresponding to the first physical erase unit for which the
failure condition has not been detected to the second physical erase unit for

which the failure condition has not been detected.

14. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of
the block devices, wherein the stored metadata is dependent on an erase count
of associated physical memory space,
compare the metadata to at least one threshold,
upon detection that specific metadata has satisfied the one or more thresholds, copy
data stored at one of the one or more physical storage locations associated with
the specific metadata from a first one of the physical erase units for which the
failure condition has not been detected to a second one of the physical erase
units for which the failure condition has not been detected, and
remap the logical erase unit corresponding to the first physical erase unit for which the
failure condition has not been detected to the second physical erase unit for

which the failure condition has not been detected.

15. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of
the block devices, the metadata representing a time since one or more physical
storage locations associated with the one of the block devices has been a
subject of a write operation,
compare the metadata to at least one threshold, and
responsive to detection that specific metadata has satisfied the one or more thresholds,

transmit information to a host device wherein such transmitted information
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conveys address information for data stored at one of the one or more physical

storage locations associated with the specific metadata.

16. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of
the block devices, and
receive a query, issued by a host device, and responsive to the query, compare the
metadata to at least one threshold, to identify specific metadata, and transmit
information to the host device wherein such transmitted information conveys
address information for data stored at one of the one or more physical storage

locations associated with the specific metadata.

17. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of
the block devices, wherein the stored metadata represents an erase count of
associated physical memory space, and
receive a query, issued by a host device, wherein said query is specific to one of the
block devices, and responsive to the query, identify specific metadata,
associated with the specified one of the block devices, and transmit information

to the host device that conveys the specific metadata.

18. (Original) The storage device of claim 1 wherein:
the flash memory is to have block devices, including the addressed block device; and
the storage device further comprises circuitry to
store metadata on an independent basis for flash memory associated with each one of
the block devices, wherein the stored metadata represents an erase count of
associated physical memory space, and

compare the metadata to at least one threshold, and
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responsive to detection that specific metadata has satisfied the one or more thresholds,
transmit information to a host device wherein such transmitted information
conveys address information for data stored at one of the one or more physical

storage locations associated with the specific metadata.

19. (Original) The storage device of claim 1 wherein:
the flash memory comprises multiple planes; and
the storage device is to, for each one of a set of the incoming data access requests having
sequential addressing, identify a commonly addressed page and write data
accompanying the set of incoming data access requests concurrently into respective

ones of the multiple planes.

20. (Original) The storage device of claim 1 wherein the division operation is applied to subdivide the

third address portion into respective first and second bit fields.

21. (Original) A storage device comprising:
flash memory, the flash memory to have one or more block devices at a hierarchically-superior
level, segments within each of the block devices at a hierarchically-intermediate level,
and addressable storage locations within each of the segments at a hierarchically-
inferior level, each segment including a mutually exclusive set of one or more logical
erase units that each map to a physical erase unit, each segment being associated with
only one of the block devices, each logical erase unit being associated with only one of
the segments; and
circuitry to, for each of incoming data access requests,
derive a first address portion, a second address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second
address portion, and
identify an addressed storage location within the addressed segment from the third
address portion,
wherein the circuitry is to use a division operation on the third address portion to

identify a logical erase unit within the addressed segment,
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wherein the circuitry is to identify one of the physical erase units that corresponds to
the identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to
remap each logical erase unit which corresponds to one of the physical erase units for
which the failure condition is detected to instead correspond to one of the physical
erase units for which the failure condition has not been detected and is to utilize the

remapped correspondence to service one or more of the incoming data access requests.

22. (Original) A storage device comprising:
flash memory, the flash memory to have one or more block devices at a hierarchically-superior
level, segments within each of the block devices at a hierarchically-intermediate level,
and addressable storage locations within each of the segments at a hierarchically-
inferior level, each segment including a mutually exclusive set of one or more logical
erase units that each map to a physical erase unit, each segment being associated with
only one of the block devices, each logical erase unit being associated with only one of
the segments;
circuitry to, for each of incoming data read requests,
derive a first address portion, a second address portion and a third address portion,
identify an addressed block device from the first address portion,
identify an addressed segment within the addressed block device from the second
address portion, and
identify an addressed storage location within the addressed segment from the third
address portion,
wherein the circuitry is to use a division operation on the third address portion to
identify a logical erase unit within the addressed segment,
wherein the circuitry is to identify one of the physical erase units that corresponds to
the identified logical erase unit;
wherein the storage device is to detect a failure condition of the physical erase units and is to
remap each logical erase unit which corresponds to one of the physical erase units for
which the failure condition is detected to instead correspond to one of the physical
erase units for which the failure condition has not been detected and is to utilize the
remapped correspondence to service one or more of the incoming data access requests;

and
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circuitry to, for each of incoming data write requests,
derive an associated first address portion, a second address portion and a third address
portion,
identify an addressed block device from the associated first address portion,
identify an addressed segment within the addressed block device from the associated
second address portion,
identify a write destination logical erase unit from the associated third address portion,
and identify a physical erase unit which is mapped to the write destination
logical erase unit,
identify a physical storage location in which associated write data is to be stored and
which is associated with the write destination logical erase unit, and an address
value associated with the physical storage location in which the associated write
data is to be stored; and
transmit information to a host representing the address value;
wherein for one of the read requests which is directed to data which has been written into the
flash memory pursuant to one of the write requests, at least one of the first address
portion, the second address portion or the third address portion associated with the one
of the read requests is dependent on the address value which has been transmitted to
the host in association with the data which has been written into the flash memory

pursuant to one of the write requests.

23. (Original) A method of operation in a storage device having flash memory, the flash memory having
physical erase units, and circuitry, the method comprising
for each of incoming data access requests, with the circuitry,
deriving a first address portion, a second address portion and a third address portion,
identifying an addressed block device from the first address portion,
identifying an addressed segment within the addressed block device from the second
address portion,
identifying an addressed storage location within the addressed segment from the third
address portion,
performing a division operation on the third address portion to identify a logical erase

unit within the addressed segment, and
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identifying one of the physical erase units that corresponds to the identified logical

erase unit;
wherein the method further comprises detecting a failure condition of the physical erase units
and remapping each logical erase unit which corresponds to one of the physical erase
units for which the failure condition is detected to instead correspond to one of the
physical erase units for which the failure condition has not been detected and utilizing
the remapped correspondence to service one or more of the incoming data access

requests.
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ABSTRACT

This disclosure provides techniques hierarchical address virtualization within a memory controller and
configurable block device allocation. By performing address translation only at select hierarchical levels,
a memory controller can be designed to have predictable 1/0 latency, with brief or otherwise negligible
logical-to-physical address translation time. In one embodiment, address transition may be
implemented entirely with logical gates and look-up tables of a memory controller integrated circuit,
without requiring processor cycles. The disclosed virtualization scheme also provides for flexibility in
customizing the configuration of virtual storage devices, to present nearly any desired configuration to a

host or client.
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FIG. 8
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FIG. 12
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FTOAIACT {0612}
Approved for tuse thiougs 914302014, OME 0851-0032
0.8, Patent angt Trademark Office; 4.8, DEPARTMENT OF COMMERCE.
Under the Papenyork Reduction At of 1938, nu persons are required fo respond to a colisction of intormation untess i displays & valic ORMEB contrat numbaer,
DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGK APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tiie of | Expositive Flash Memory Control
Invention |

As the below named invertor, | hereby dedlare that;

This declaration i

is directed to: The attached application, or
2 o W

United Slales application or PCT international application number

[—

filed on

The sbova-identified application was made ot authorized o be made by me.

! oelieve that | am the original inventor or an original joint invertor of a claimed invention in the application.

I hereby acknowledge thal any willful false statement made in this declaration is purishable under 18 U.8.0. 1004
by fine or imprisonment of not more thao five {5) years, or both,

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filsd in a patont application ¥t may
contribude to identity thefl. Personal information such as social security numbers, bank sccount numbers, or credit dard numbers
{ciher than a check or credit card awthorization form PTO-2038 submitted for payment pUrposSes) is naver reguired by the USPETO
ta suppont a pedition o an application. I this type of personai information Is Included in documents subniitted to the USPTO,
petitionersézpplicants should consider redacting such persenal information from the documents bafara submitting them ic the
USPTQ. Petitioner/applicant is advised that the record of a patent appiication is available to the public after publication of tha
application (unfess a non-publication request in compliance with 37 CFR 1.213(a) is made in the applicalion) or fsauance of a
patent, Furthermore, the resord from an abandoned application may aisc be availabie to the public if the application is
referenced in & published application or an issued patent {see 37 CFR 1.14). Chacks and credit card authorization forms
PTO-2038 submitied for payment purposes are not retained in the application file and therefore are not pubiicly available.

LEGAL NAME OF INVENTOR

inventor: Date {Optional)

Robert Lercari

Signalure:

Note: A spplication dalz sheet (FTOISB/4 or equivaient), including naming the entire invertive entity, must accompany this form or mast have
been pravicusly filed. Use an additionat PTOMAIARY form for each additional inventar

This collection of information Is required by 35 U.5.C. 115 and 37 OFR 1.83. The information is reguired o obt
by the USPTO 10 process) an application. Contidentiaifty is govemed by 35 8.8, 122 and 37 CFR 1.7 and This coteclion is estimated © ake 1 minuteto
complete, inciuding gatrering, preparing, and submitting he sompteted appiiation fufm 1 e USPTO. Time witl vary depending upon the indivicdual case. Any
commenis on the amount of time vou requira o compiets this farm andisr suggestions for reducing s burden, shoutg be sentin the Chie? tnformetion Officer, 1 8.
Patentand Trademark Office. 1.8, Department of Commerge, P.O. Bay 1350, Alexandria, VA 22313.4450. 00 NOT SERD FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, V& 223331450,

# your noed assistance in compioting the fomm, call 1-800-0TCHA 190 and sefeet sgtion 2.

ain o1 vetain 2 benelit by the public which is fo file (8nd
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Privacy Act Statement

The Privacy Act of 1974 {F.L, 83-578) requires that you be given certain information in connection
with your submission of the altached form relaled io & patent application or patent. Accordingly,
pursuant to the requirements of the At please be advised that (1} the ganeral authoenity for the
caoffection of this information s 35 U.8.C. 2{b)(2}, (2} furnishing of the infurmation solicited is vohuntary;
and {3} the principal purpose for which the information is used by the U.S. Patent and Trademark
QOffice is 1o process andfor examine your submission refated to a patent application or patent. fyou do
not furnish the requested information, the U.8. Patent and Trademark Office may not be abig 1o
process and/or examine your submission, which may resull in termination of procesdings or
ahandonment of the application or expiration of the patant.

The infarmation provided by yout in this form will be subject {o the following routine uses:

The information on this form will he ireated confidentially to tha sxent alfowed under the
Fregdem of Information Act {5 U.5.CL 552} and the Privacy Act {8 U.8.C 5828). Records from
this system of racords may be disclosad i the Depariment of Justice 1o determine whalher
disclosure of these records is reguired by the Freedom of Information Act.

2 Arecord from this system of records may be disciosed, as 8 rouline use, in the course of
presanting evidance o a court, magistrate, or agminisirative tribunal, including disciosures fo
spposing counss! in the course of saltlement negotighions.

3 Arecurd in this system of records may be disciosed, as a rouling use, 1o a Member of
Congrass submitling a requast involving an individual, o whom the record partaing, whan tha
individual has requested assistance from the Member with respect {o the subject matter of the
record.

4. Arecord in this system of records may be disclosed, as a routine use, 1o a contractor of the
Agency having need for the infarmation in order 1o perform a contract. Recipients of
information shall be required to compiy with the requirements of the Privacy Act of 1874, as
amended, pursuant to 5 U.S.C. 552aim).

g, Acrepord refated to aninternational Application Med under the Patent Cooperation Treaty in
this system of records may be disciosed, 8s a routine use, 1o tha intermational Bureay of the
World trteliectual Property Qrganization, pursuant to the Patent Cooperation Treaty.

g,  Arecord inthis system of records may be disclosed, asa rautine use, to another federal

agency for purposes of National Security review (35 U.8.C. 181} and for review pursuant to

the Atomic Enargy Act {42 U ST 218{)).

A record from this system of records may be disclosed, as a routing use, to the Administrator,

Genaral Services, or hisfher designas, dunng ar inspection of records conducted by GSA as

part of that agency's responsibiity to recommend improvemants in records managament

practices and programs, under authority of 44 U 8.C. 2804 and 2808. Such disclosure shafl
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any ofher relevant { L.e., GSA or Commercs) diractive. Such disclosure shali not
he used {o make determinations abouwt individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 38 U.8.8. 122{b) or issuance of a patant
pursuant to 38 U.8.C. 181, Further, a record may be disclosed, subject to the fimitations of 37
CFR 1.14, as a routing use, o the public if the record was filed in an application which
became abandoned or in which the procesdings were teminated and which application is
referanced by either a puhlished application, an application open fo public inspection or an
issued patent,

8. Arecord from this system of records may be disclosed. as a rauling use, (o a Federal, State,

or focal law enforcement agancy. if the USPTO becomes aware of & vinlation or potential

violation of iaw o regulation.

:'-3
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PTO/ANGT {08-13)

Approved for use hrough B1R 120, CIMB 08510037
i Trademark Ofics;

Q; WY OF CURMMERTE
BN csst}s ws i D8R (}f’i*“r““t.ﬁfté“.
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APFHQATiG!\& DATA SHEETY {3? GFR 1.76)

Hnder the Pagsrwsrk Reductinn At of 1668, no persons are senuifsd 19 resposd 1o

Titeof | EXxpositive Flash Memaory Gammi
invention

This declaration
s dhracted o

Tha attached apglication, of

United Btates application or PCT intemational application swumber

filed on

The above-identified spplication was made or guthorized to b mads by ma.

{ believe that | am the anginal invertor or an original joind toventnr of a claimed invention In the appiication.

1 hereby acknowladge that any wiflful faise statement mads i this declaration is purdshatile under 18 UR.C. 100
¥ 8
by fine or imprisanment of not more than five (8) yvears, or both.

WARNING:

Rettionedapglinant is cautioned o avald submitting parsonal information in dosumernds Hled i a patent apphcation el may
cuntribute fo identity thet. Personal Information such as sonial security numbers, bank account numbers, of cradit oacd numbers
mim: than a check or oradil card sutbarization form PTO-2038 submiten for paymant purposes) is nover remdrad by the USPTE
support 3 petifion or an application. ¥ this type of personal infarmation s included in documants submitisd to the USPTQ,
nevt;m‘em applicants should consider redacting such personad information Fom the documents befare submitling them 16 the
USPTL, Petitionerfapplicant is anvised thal the record of 3 patert app §z::,<af on is available fo the public after publication of the
application {uniess a non-publication request in sompliance with 37 OFR 1.213{a} s mads in the application) or issuance of a
patent. Furthermors, the record from an abandoned application may also be avaiiable to the public if the application i
refarancad in a published application or-an issusd patent (soe 37 OFR 4 A4). Dhecks and credit card  authorization forms
PTO-2038 submitted for payment purposes are ned retained in the application e and therdors ams not publicly available.

LEGAL NAME OF INVENTOR

inventon Alan Chen

Signature:

Note! Arn application data sheet (PTOUSEA A or squivalent), <~3r;:~*-r\g “sr‘ Swg the entivg Inventive entity, must accompany this form or must bave

Seen provicusly Bled. Use an addiional PTOAIADT form for each additional inventar,

Tris cotection of information is required by AS US.00 11% ang 37 GFR 183
w Be AP TG0 process) & appioss: 3 govemed by 35

rRERR, sy ~<“t‘.§ gathering, prepating, a!‘(* SubMiEing the compiut:
cumr‘ents e ammourd ot e ym, retrg o C\,r“p.eic this farm nf g urden, shouhd he sunt te the Chis! informeation Q ‘W.‘f.:ssr 3.8
Fatent ang T‘}}“UT&!\ Office, 4.8, Sepan E-DAER DO MOT SERD FEES 08 COMPLETESD FORIT T
THES ATDRESS. SERD TO: Cm’smsbsimer f{sr Patems P Q aqx mﬁa Aisxanﬁr;a YA 333131480,

I yosu nmnd RRuSlanes it cormpleting Mg fom, cail -A00-CTILGI98 and eetect aEon 2
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Privacy Act Statement

The Privacy Act of 1874 {(P.L. 83-879) requires that you be given cerlain information in connection
with your submission of the aftached form related 1o 8 patent appiication or patent Accordingly,
pursuant 1o the reguirerments of the Agt, please be advised that: {1} the gensral authonity for the
coflention of this information is 38 US.C. 2{BH2), {2) furnishing of the information solicited is voluntany
and {3} the principal purpose far which the information {8 used by the U8, Patent and Trademark
Gifice s to process and/or sxaming your submission related to & patent application or patent, If you do
not furnish the requested information, the U.S. Patent and Trademark Ofice may rot he able to
process andior examine your submission, which may reault in termination of groceedings or
abandonment of the applicalion or expiration of the patent.

The information provided by you in this form will be sublect 1o the foliowing routine uses:

1. The information on this form will be treatad confidentially to the axtert allowed under the
Freedom of information Act (5 U.B G 552) and the Privacy Act{S US.C 583a) Records from
this system of records may be disclosed 1o the Department of Justine to defermine whether
disclosure of these records is required by the Froedom of information Act,

2. Arecord from this systerm of records may be disclosed, 85 2 rouling use. in the course of
presenting evidence 10 a court, magistrate, or administrative ribunal, inchuding disciosures fo

opposing counsat it the course of settlemant negaliations, :

A record in this system of records may be disclossd, as a routing use, 1o a Membear of

Congress submitting a request involving an individual, 1o whom the record pertains, when the

individual has requested assistance from the Member with respact o the suibject matter of the

record,

4. Avecord inthis sysiem of records may be disciosed, 85 8 routing use, 1o a contracior of the
Agengcy having need for the information in order 1o perform & contragy Recipiants of
information shall be required to comply with the requirements of the Privacy Act of 1874, as
amendsd, pursuant to § U.8.C. §82a(m).

§ A record related to an bvternationst Application filed ander the Patent Cooparation Trealy in
this syatem of records ray be disciosed, as g routing use, 1o the Internationst Buraay of the
World inteflectual Property Organization, pursuant to the Patent Cooperation Treaty.

143

8. Arecord in this systent of records may be disclosed, as a routine use, 1o anoiher federal
agenay for purposes of Nationa! Security review {35 LiS.C. 181) and for review pursuant to
the Atomic Energy Act (42 U S.C. 218(ch).

7. Arecord from this systent of records may be disclosed, as s routing use, 1o the Administrator,

General Services, or his/her designes, during an inspection of recards conducted by G8A as
part of that agency's responsibility fo recommend improvements in records managamant
practices and programs, under authority of 44 U.S.C. 3504 and 2808, Such disclosure ghal
ha made i sccordange with the GSA regulations governing inspection of records for this
purpose, and any other relevant { {«, GSA or Commerce) directive. Such disclosure shall not
be usad to make determinations sbout individuals

8. Arecord from this system of records may be disciosed. as a routing use. to the pubiic after
either publication of the application pursuant o 38 LS. 122(5} or lsguance of a patent
pursuant to 36 UWS.C. 181, Further, a record may be disclased, subjact {o the limitations of 37
CFR 1.14, as a routine use, to the public ¥ the record was Hled in an application which
bacame abandonad or in which the procesdings wers terminated and which application is
referenced by either a published application, an application opan to public inspection oran
asued patent.

8. Arecord from this system of records may be disclossd, as a routine use, {o 8 Federg!, State,
or iocal law enforcement agency, if the USPTO becomes aware of & viclation or potential
violation of law or requiation.

Samsung Ex. 1002, Page 255 of 265



FECHAIGT [66-12)
Appeaved e use through SUE2044 OMB 08810082
R Patant god Trademerk Moy Q8 DEPARTIMENRT OF COMMERCE

7 108 Papenwork Baduction Act of 1955, no persons are requived i seaprons 1t g sdlieotinn of infrematinn unlses B dkplays o valid OB cotros numm

L

DECLARATION {37 CFR 1. 83} FQR UTILITY OR DESIGN APPLICATION USING AN N
APPLICATION DATA SHEET {37 CFR 1.76)

Titeof | Expositive Flash Mamory Control
nvantion

As the balow named reentor, { horeby deaiare that!

This deciaralion

SRR ‘ The attached application, or
is directed o > e

United Siates appiication ov POT international application number

filad on

The above-identifind application was made or authorized 1o be made by ma.

{ believe that | ar the onginal inverder or an original joint invendor of a claimed iverdion in the application.

i hareby as’;w«t}w:adgs: that any wiltful false statemernt rmade in by declarstion i punishable under 18 U.5.C. 1001
by fine or imprisonimient of nod more then five {8) yaars, or both,

WARNING:

Pettionadfapplicant is cautfoned o avoid submitiing persons! information in documenis fled in g patent application that may
corfribute to identity thefl. Personal information such as social securily numbers, bank acoount numbers, or credit oard nurmbers
{othar than g/ chenk o credt card authorization form FTO-2038 submitted for payrmant purncses) is never requiirer w the USPFTGO
o suppart a pelition or an gpplication. i this fype of personal information is included in documents submitied fo e USPT G,
petitiorersfapplicants should conaider redacting auch personal information from the documends befors submitting them 1o the
USPTE, Peditioherapplicant is advised that e record of @ m*em apg Maimn i gvalabls 1o the public aler qui‘caﬁm af the
application {unless & non-publication request in compliarce with 37 UFR 1.213(a) is made In the application or lnsuance of g
patent. Furthermore, the record from an abandenad application may a §saa be avallable to the public fthe application s
fafaf et in g published application or an issued patent (see 37 UFR 11 4y Chacks and credit cant authorization forrs
TQ-2008 submilted for payment purposes are ool retainad in the application file and therofore are not publicly available,

LEGAL NAME OF INVENTOR

Craig Roberison

invertor Date {Optioral)

Signature:

i E{FT Avateny, incleding naming the entics invéntive sntity, must aeed wnpaEny s forrn o must bave
b“ﬁ!‘ p &vm\umg fi ii“d. Lf.':& an addiivas] PTOARY forv for asch auditional inventor

Thig cobestion of information is ety I)’y IFLBL VI8 enad 37 UFR 1,53 The informatinn fo raGuisss \ fEGsn o misin g b 153 s*w puklic «mv“ indo e ta’\d
by the USPTE o process) an appi ; iz nr.w-rwd n) SRUSL IR Ang IV OFR Litang 144
v, inchuding pathedng, srep | B ompleted spplination mm Yo the USFTOL T { iy} 4
mr"‘ “{’“ﬁ% cn tne unt of fime }'GJ PRS0 SIS form gadior suggestions for radug e, shontd basent to the S iy atier Gffiaes,
S Office, W& Deparimen of & o, FO Bow 1480, Mexandria, W& 41480 DO NOT BEND FEES OR COMPLETED PORMS T \0
i AL’JR& 5% SEND TO: Commissioner for Patents, B.O. Box 1450, Aiexamﬁme VA 233131480

H pou need assislance it comuiefing e few, ool 1-800-FTO-9 186 hd adieat andine B
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Privacy Act Statement

The Frivacy Act of 1974 {P.L. 83-579) reguives that you be given cerdain information in connection
with your submission ofthe attached form related o 8 patent application of patent. Accardingly,
pursuant to the requirements of the Act, please be advised that! {1) the gereral authority for the
collection of thig information i 38 U.S.C. 2(bXE); (2} lurnishing of the information solivited is voluntary;
and {3} the pringipal purposs for which the information s used by the LS. Patent and Trademark
Office is o provess and/or sxamine your submission refated to a palent application or patent. i you do
nol furnish the requasied information, the U.S. Palen and Trademark Office may 1ot he able fo
process amd/or examine yow submission, which may resull in termination of proceedings or
abandonmant of the application or expiration of the patent,

The information provided by yeu in this form will be subject to the foliowing routing uses:

1. The information on this formowill e treated condidantially i the extent aliowed under the
Froadom of Information Act {8 U.8.C. 853} and the Privacy Axt {8 LL.3.C 5523}, Records from
this system of records may be disclosed to the Depariment of Justics to determing whether
disclosure of these records is required by the Fresdom of Information Agt

2. Arecord frony this system of records may be disclosed, as @ routing use, i the course of

prasenting gyvidence 1o g sowt, magisirate. or administrative trbunal, inciuding disclosuras to

onposing counsel In tha course of seitlanment negoliations.

A record it this system of records may be disclosed, a8 3 rowdine use, to 3 Member of

Congress submilting a request involving an individual, 1o whom the record pertains, when the

individual has requested assistance from the Member with respect to the subject matier of the

record.

4. A record in this sysiem of records may be disclosad, a5 8 routine use, 1o a8 sontractor of the

Ageney having nsed for the information in order to perfornt a contract. Recigients of

information shall be required fo comply with the regquirements of the Privacy Act of 1974, as

gmended, pursuant o 5 US.C. §52aim).

Arscord reladed to an Intemational Application filed under the Paterd Cooperation Traaty in

this systemn of records may be disclosed, as a routine uss, o the International Bureau of the

Warld Intellectual Properly Qrganization, pursuant o the Patent Cooparation Treaty,

8. Avscord in this sysiem of records may be discloned, as a routing use, 1o anather federsl
agency Tor purposes of National Security review {35 U .S.C. 181} and for review pursuant to
the Alomic Energy Act M2 UL8.C. Z18{ch).

7. Arscord from this system of records may be disclosed, as a routing uss, to the Administrator,
General Bervices, or hisfher designee, during an inspaction of records sondusted by GSA as
part of that agency's responaibility to recommend improvaments in records management
practices and programs, under authority of 44 U S.C. 2004 and 2908, Such disciosura shal
ke made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant { e, GSA or Commerce) directive. Such dinclosuve shalf not
be Used 10 make determinaticns about individuals.

8. Arecord from this systemn of racords may be disclosed, as & routine use, to the public afier
gither publication of the application pursuant to 35U 8.C. 122(b) or issuance of a patent
pursuant to 38 UWS.C. 181, Further, & record may be disclosed, subject 1o the limitations of 37
CFR 1,14, as a rouling use, o the public If the record was filed in an appiication which
became abandoned or in which the procesdings were terminated and which appiication is
referancad by either a published application. an application open to public inspeciion or an
issued patent,

9. Arecord from this system of records may be disclosed, as a routine use, fo a Federal, State,
or focal law enforcerent agency if the USPTO bacumss aware of o viclation or potential
vielation of faw ar regulation,
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PTOAINDT (0612
Approvaed for use treough 0173172014, OMB 08510082
U8, Patent and Trademark Office; U5, DEPARTMENT OF COMMERCE

Under the Paperwark Reduction Act of 1895, no persons are required o respond to a collection of information uniess it displays a velid OME control aumber,

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tide of | Expositive Flash Memory Control
| invention

Ag the below named invenior, | hereby declars thal;

This declaration 3 st
is dirscled to- Eﬂﬂ The aliached application, or

D United States application or PCT interational application number

filad on

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

| belisve that | am the original invenitor or an original joint inventer of a claimed invention in the application.

i hereby acknowledge that any willful false staternent made in this declasation is punishable under 18 4.8.C. 1001
by fine or imprisonment of not more than five (3) years, or both.

WARNING:

 Patitioner/applicant is cautioned to avoid submitting persanal information in doecwments filed in a patent application that may
contribude to identity theft. Personal information such as social security numbsers, bank acocount numbers, or cradit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for paymient purposes) is naver required by the USPTO
o support & petifion or an application. i this type of parsonal information is included in documents submitted o the USPTQ,
petitioners/applicants should consider redacting such personal information frora the documents befare submitling them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available fo the public afier publication of the
 application (unless a non-publication request in compliance with 37 CFR 1.213{8) is made in the application) or issuance of a
patent. Furthermorg, the record from an abandoned application may also be available to the pullic if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14), Cheacks and credit card authorization forms
PTO-2038 submitted for paymesnt purposes are not retained in the application e and therefore are nat publicly available,

LEGAL NAME OF INVENTOR

Invantor;

Andrey V. Kuzmin 2 Date (Optional) :_

Signature;

' Note: An application daia stiest (PTG/BEB/14 o equivalent), including naming the entire inventive entity, must acoompany this form ar must have
been previcusly filed. Use an additional PTO/AIADT farm for each additional inventor,

This cotfection of information is required by 35 U.5.C. 115 and 37-GFR 1.63. The information is required to obtain or retair 8 berefit by the public which is to file {and
by the USPTO te process) an application. Confidentiality is govemed by 39 UB.C. 122 and 37 CFR 1.11 and t.14. This colfaction is estimated fo taks 1 minute lo
camplate, including gathetng, praparing, and submitting the completed application form o the USPTQ. Time will vary depending upon the individual case. Any
commsnts on the amount of tirme you require to complete this fonm andior stggestions for reduging this burden, should be sent (o the Chie! Information Officer, .S,
Patent and Trademark Office, U.S Depantiment of Commarce, P.0. Hox 1450, Alexandria, VA 233131450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. BEND TO: Commissioner for Ratents, P.Q. Box 14580, Afexandria, VA 22313-1450.

if you need assistsnce it comwlating the form, cali 1-800-PT0O-8189 and ssipct vption 2.
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Frivacy Act Statement

The Privacy Act of 1974 {P.L. 83-879) raquires that you be given sertain information in sonnection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the reguiraments of the Act, please be advised that (1) the goneral authority for the
collaction of this information is 35 U.S.C. 2{(b)2); (2} furmishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U, 8. FPatent and Trademark
Office s 10 procass andfor examing your submiasion related {o a patent appiication or patent. If you do
not furnish the requested information, the U.S, Patent and Trademark Office may not be able o
process and/or examing your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

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

1. The information on this form will be treated confiderdially 1o the exdent aliowad under the
Frasdom of information Act (5 U.S.C. 552} and the Privacy Act (B U.B.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whather
digelosure of thasea records is required by the Freedom of information Act.

2. A record from this system of records may be disclosed, as g routine use, in the course of
presenting evidencs to a court, magisirate, or administrative tribunal, including disclosures to
opposing counsal in the coursa of satiiemant negatiations.

3. Arecordin this system of records may be disclosed, as a routine use, to a Member of
Congress submitiing = request involving an individual, to-whom the record pertains, when the
individual has requested sssistance from the Member with respect 1o the subject malter of the
racard,

4. A record in this system of records may be disclosed, as a routine use, to a confractor of the
Agency having need for the information in order 1o parform a contract, Recipients of
information shall be required 1o comply with the requiremeants of the Privacy Act of 1974, as
amended, pusaant 0 5 LLES.C. 852aim).

5. A record relaled (o an intemational Application filed under the FPatent Cooperation Treaty in
this system of racords may be disclosed, as a rouling usa, 1 the International Bursau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

&, A record in this systern of records may be disclosed, as a routine use, {o another federal
agency for purposes of National Security review {35 U.S.C. 181) and for review pursuant to
the Atomic Enargy Act (42 U 5.C. 218(c)).

7. A record from this system of records may be disclosed, as a routing use, 1o the Administrator,
General Servicas, or hisrher designee, during an inspection of records conducted by GBA as
part of that agency's responsibifity o recommend improvemeands in records management
practices and programs, under authority of 44 U.8.C. 2204 and 2808. Such disciosure shall
be made in accordance with the GSA regulations goverming inspection of records for this
purpose, and any other relevant ( le., GEA or Commarce) directive. Such disclosure shall not
be used 1o make daterminations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
sither gublication of the application pursuant 1o 35 US.C. 122{b} or issuance of a patent

| pursuant to 35 U.8.C. 1581, Fusther, a record may bedisclosed, subject o the limitations of 37
CFR 1.14, as a routine use, (o the public if the record was filed in an application which
becams abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application opean to public inspection or an
issued patent,

9. Arecord from this system of recards may be disclosed, as & routing use, to a Federal, State,
or jocal faw enforcement agency, if the USPTQO becomes aware of a violation or potential
viotation of law or regulation.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

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

STATEMENT UNDER 37 CFR 3.73(c)
Radian Memory Systems, Inc.

Application No./Patent No.: _nerewith (con of 16808304) Filed/Issue Date: herewith
Titled: STORAGE DEVICE WITH DEFECT MANAGEMENT ON BASIS OF LOGICAL ERASE UNIT

Radian Memory Systems, Inc. . a Corporation

Applicant/Patent Owner:

(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. The assignee of the entire right, title, and interest.

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

|_| 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.

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

1. From: allinventors To: Radian Memory Systems, LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 038037 , Frame 0234 , or for which a copy thereof is attached.

2 From: Radian Memory Systems, LLC To: Radian Memory Systems, Inc.

The document was recorded in the United States Patent and Trademark Office at
Reel 040579 , Frame 0405 , 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 USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option
! Samsung Ex. 1002, Page 262 of 265



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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

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

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.

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

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.

/Marc P. Schuyler/ 10 September 2021
Signature Date

Marc P. Schuyler 35675

Printed or Typed Name Title or Registration Number

[Page 2 of 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 disclosure of these records is
required by the Freedom of Information Act.

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.

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.

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).
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.

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)).

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.

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.

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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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17479444 Document Date: 09/20/2021

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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