UNITED STATES
PATENT AND TRADEMARK OFFICE www. uspto.gov

Page 1 of 2

P.O. Box 1450
Alexandria, VA 22313 - 1450

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #

17/877,881 12/03/2024 07:50:09 PM Z ET 42754-53126/US

Title of Invention

Storage System with Multiplane Segments and Cooperative Flash Management

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 11709772
under 35 USC 111(a)

CONFIRMATION # 3676
PATENT CENTER # 68205594

CUSTOMER # 758

CORRESPONDENCE
ADDRESS

Documents

DOCUMENT

53126 US Change of
Correspondence Address.pdf

Digest

DOCUMENT

53126 US Change of
Correspondence Address.pdf

FILED BY Janae Gallun
FILING DATE (07/29/2022

FIRST NAMED  Andrey V. Kuzmin
INVENTOR

AUTHORIZED BY Michael Farn

TOTAL DOCUMENTS: 1

SIZE
PAGES DESCRIPTION (KB)
2 Change of Address 266 KB

MESSAGE DIGEST(SHA-512)

39F6442D7297C89D5D68D30DB7D8168E7270ADCE1D04555F7
EB741BFA9CB08C0D37026314615744C0C1EAC89E30425245F
F5FC22B0B1AB4EC9300AFC6E4A4A13

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/EOQ/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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PTO/AIA/123 (08-12)
Approved for use through 09/30/2025. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

i eduired to respond to 2 collection of information unless it displavs a valid OMB controlnumber.
/ Patent Number 11,709,772
CHANGE OF
Issue Date July 25. 2023
CORRESPONDENCE ADDRESS _ y oo
Patent Application Number  |47/577 g1
Filing Date
Address to: g July 29, 2022
Mail Stop Post Issue First Named Inventor
Commissioner for Patents Andrey V. Kuzmin
P.O. Box 1450
\Alexandria, VA 22313-1450 Attorney Docket 42754-53126/US /
Number

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

|:| The address associated with Customer Number:

OR

. Firm or

Individual Name Radian Memory Systems, LLC

6275 West Plano Parkway, Suite 500

Address

City Plano State X ZIP 75093
Country United States

Telephone Email mjadon@radianmemory.com

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" (PTO/SB/124).

This form will not affect any "fee address" provided for the above-identified patent. To change a "fee address" use the "Fee
Address Indication Form" (PTO/SB/47).

| am the:

I:' Patentee.

If the Patentee was not the applicant for patent (37 CFR 1.42), then a Statement under 37 CFR 3.73(c)
(Form PTO/AIA/96 or equivalent) is enclosed or was filed on . See 37 CFR 3.71.

Attorney or agent of record. Registration Number 41,015

Patent practitioner acting in a representative capacity whose correspondence address is the correspondence
address of record. Notice has been given to the patentee or owner. Registration Number 41.015

Signature Michael W. Farn/

Typed or

Printed Name Michael W. Farn

Date Dec 3, 2024 Telephone 650-335-7823

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.
Submit multiple forms if more than one signature is required, see below*.

*Total of 4 forms are submitted.

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-00**. Public burden for this form is estimated to average ** hour per response, including
the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the information
collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this burden to the
Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email InformationCollection@uspto.gov.
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. If filing this completed form by mail, send to: Commissioner for Patents, P.O. Box
1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. The United States
Patent and Trademark Office (USPTO) collects the information in this record under authority of 35
U.S.C. 2. The USPTO’s system of records is used to manage all applicant and owner information
including name, citizenship, residence, post office address, and other information with respect to
inventors and their legal representatives pertaining to the applicant's/owner’s activities in connection
with the invention for which a patent is sought or has been granted. The applicable Privacy Act
System of Records Notice for the information collected in this form is COMMERCE/PAT-TM-7 Patent
Application Files, available in the Federal Register at 78 FR 19243 (March 29, 2013). https://
www.govinfo.gov/content/pkg/FR-2013-03-29/pdf/2013-07341 .pdf

Routine uses of the information in this record may include disclosure to: 1) law enforcement, in the
event that the system of records indicates a violation or potential violation of law; 2) a Federal, state,
local, or international agency, in response to its request; 3) a contractor of the USPTO having need
for the information in order to perform a contract; 4) the Department of Justice for determination of
whether the Freedom of Information Act (FOIA) requires disclosure of the record; 5) a Member of
Congress submitting a request involving an individual to whom the record pertains, when the
individual has requested the Member’s assistance with respect to the subject matter of the record; 6)
a court, magistrate, or administrative tribunal, in the course of presenting evidence, including
disclosures to opposing counsel in the course of settlement negotiations; 7) the Administrator,
General Services Administration (GSA), or their designee, during an inspection of records conducted
by GSA under authority of 44 U.S.C. 2904 and 2906, in accordance with the GSA regulations and any
other relevant (i.e., GSA or Commerce) directive, where such disclosure shall not be used to make
determinations about individuals; 8) another federal agency for purposes of National Security review
(35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)); 9) the Office of
Personnel Management (OPM) for personnel research purposes; and 9) the Office of Management
and Budget (OMB) for legislative coordination and clearance.

If you do not furnish the information requested on this form, the USPTO may not be able to process
and/or examine your submission, which may result in termination of proceedings, abandonment of the
application, and/or expiration of the patent.

Additional Uses

Additional USPTO uses of the information in this record may include disclosure to: 1) the International
Bureau of the World Intellectual Property Organization, if the record is related to an international
application filed under the Patent Cooperation Treaty; 2) the public i) after publication of the
application pursuant to 35 U.S.C. 122(b), ii) after issuance of a patent pursuant to 35 U.S.C. 151, iii) if
the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open
to public inspections, or an issued patent, or iv) without publication of the application or patent under
the specific circumstances provided for by 37 CFR 1.14(a)(1)(v)-(vii); and/or 3) the National Archives
and Records Administration, for inspection of records.

Samsung Ex. 1002, Page 4 of 393



P.O. Box 1450
LNITES SYATES Alexandria, Virginia 22313-1450

PAVENT AND TRADEMARY OFFILE WWW.uspto.gov

ACKNOWLEDGEMENT OF LOSS OF ENTITLEMENT TO ENTITY STATUS DISCOUNT

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

17/877,881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 216166

The entity status change request below filed through Patent Center on 05/16/2024 has been accepted.

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

Signature Name Registration #

/Michael W. Farn/ Michael Farn 41015
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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 DOCKET NO. CONFIRMATION NO.
17/877,881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676
758 7590 07/25/2023 | EXAMINER
FENWICK & WEST LLP
SILICON VALLEY CENTER BATAILLE, PIERRE MICHE

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

| ART UNIT [ PpaperNUMBER
2136
| ~orwicationpate | DELIVERY MODE
07/25/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
PTOC@Fenwick.com

PTOL-90A (Rev. 04/07)
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION NO. ISSUE DATE PATENT NO.
17/877,881 25-Jul-2023 11709772
FENWICK & WEST LLP

SILICON VALLEY CENTER

MOUNTAIN VIEW, CA 94041

EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://

patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit

https://www.uspto.gov/electronicgrants

page 1 of 1
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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. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/8717,881 07/25/2023 11709772 39471-53126/US 3676
758 7590 07/05/2023
FENWICK & WEST LLP
SILICON VALLEY CENTER

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

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 0 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.

IR103 (Rev. 10/09)
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INVENTORC(S) (Please see PAIR WEB site http:/pair.uspto.gov for additional inventors):

Andrey V. Kuzmin, Moscow, RUSSIAN FEDERATION;
James G. Wayda, Laguna Niguel, CA;

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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HNJTED STATEE . ey 20 i‘gg}fi j?‘?n
PATENT AND TRADEMARK OFFICE Alexandriz, i Wjéamiggf

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #

17/877,881 06/06/2023 06:24:19 PM ET 39471-53126/US

Title of Invention
Storage System with Multiplane Segments and Cooperative Flash Management

Application Information

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

CONFIRMATION # 3676 FILED BY Michael Farn
PATENT CENTER # 62220140 FILING DATE 07/29/2022
CUSTOMER # 758 FIRST NAMED  Andrey V. Kuzmin
INVENTOR
CORRESPONDENCE - AUTHORIZED BY
ADDRESS

Documents TOTAL DOCUMENTS: 1

DOCUMENT FAGES DESCORIPTION SIZE (K8}

H3TE8HF pat 1 lssue Fee Paymernt (PTO-88B) 171 KB
Digest

DOCUMENT MESSAGE DIGEST{SHA-STE)

S31261F . pdi ES7127ART4D2BOZDFEAZDTIDOADES4BISGE1OE4AQZEDBIFFY

ESESBEES5026C09263EEEBDCC4CCEZ484BBFCT7ABOEF232845
S80S 1BEBEEDEDZA08B4EERGT7ORBESR

whicated documents, characterized
it sirnilar to a Post Card, as

This Acknowladgement Recsipt evidancss raceipt on the noted dals by the USPTO of the in

oy the applicant, and including page counts, where appiivabls, I serves as evidence of rece
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described in MPEP 303,

New Applications Under 35 U.S.C 11

3

i a new application is being flad and the application includes the necessary componenis for fiing date (ses 37 ( 153k {dh
and MPER 308), a Filing Receipt (37 CFR 1.54) will ba issued in due course and the date shown on this Acknowledgement
Receipt will astablish the filing date of the applicalion

National Stage of an inlernalional Application under 38 U.8.C 371

i a timely submission o enter the national stage of an intemational application is compliant with the conditions of 35 UL.8.C.
371 and other applicable requsrs;mants a Form POT/DOEGANE =~":’i:('3§5:"!(} aca:e'«i‘:ﬁw“‘ of the application as a national slage
submission under 35 UL.E.C. 371 will be issusd in addition (o the Filing Receip!, in due coursse.

New International Applivation Filed with the USPTO as ewwmg Office

i & new international apphcation is being tled and the inlesrmadional application includas the necessary compone ri‘:s for an
infernational fiing date (see PCT Articks 11 and MPEP 1510}, a Notification of the Intarnational Application Number and of the
international F-xﬁmg Dade {(Form POT/RGI0E) will be issuad in due courss, subject to prascriptions concaming natmnaﬁ sacurily,
and tha date shown on this Ackmwleagem&m Receipt will &ssabiiﬁh the international filing date of the application.
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UNITED STATES
PATENT AND TRADEMARK OFFICE

Page 1 of 2
P ")-."\?_Bgsx 1450

W LSO gov

ELECTRONIC PAYMENT RECEIPT

APPLICATION #

LTRSS

RECEIPT DATE / TIME

08/06/2023 082418 PM EY

ATTORNEY DOCKET #

3Q47T-53128/US

Title of Invention

o5

Storage System with Mulliplane Segments and Couoperalive Flash Management

3

Application Information

APPLICATION TYPE  Utifity - Nonprovisional Application

under 35 USO 114{a

CONFIRMATION # 387

o

PATENT CENTER # §2220140
CUSTOMER # 738

CORRESPONDENCE -
ADDRESS

Payment Information

PAYMENT METHOD
DA 71825888

PAYMENT TRANSACTION ID
E2023061281880802

FEE CODE DESCRIPTION ITEM PRICE($)

P
o
&

UTILITY 188UE FEE 480.00

PATENT # -

FILED BY Michas! Fam
AUTHORIZED BY -
FILING DATE {7/29/2022

FIRST NAMED
INVENTOR

Andrey V. Kuzmin

PAYMENT AUTHORIZED BY
fichael Parn

QUANTITY ITEM TOTAL($)

480.00

TOTAL AMOUNT: $480.00

This Acknowledgerent Recaipt avidances receint on the noted dale by the USPTO of the indicated documents, characterizad

by the applicant, and includin
described in MPEP 503

O page counts, where app

New Applications Under 35 LWS.C. 111

i anow applicalion s being filed and the application inciudes the necassar

¢ components for filing date (see 37 CFR 1.83{0)-(ch

ia. it serves as evidenoe of receipt sirnilar to a Post Card, as

n
\

and MPER 508}, a Filing Receipt (37 GFR 1.54) wili ba issued in dug cowrss and the dale shown an this Ackrowledgement

Raceint will gstablish the filing dals of the application
i ¢ &P

National Stage of an international Application under 38 U8.C. 37

i & timely submission o enter the national stage of an infernational application is compliant with the conditions of 35 U.8.C.
t

371 and othar applicabla requiremenis a Form POT/DO/EDB03 indicating acceptance of the application as ana

ional stage
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submission under 35 LLE.C. 371 will be issuad in addition fo the Filing Recsipl, In dus course.

New International Application Filed with the USPTO as & Regelving Office

i a new international application s baing filed and the International application includes the nacessary componants for an
international filing dale {sae PCOT Ardicle 11 and MPEF 1810}, a Notitication of the International Application Number and of the
International Filing Date (Form PCT/RO0S) will be issued in due course, subjsct {o preseriptions concerning national securily,
and the dale shown on this Acknowledgement Receipt will establish the mar ational filing date of the application.

Samsung Ex. 1002, Page 13 of 393



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 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. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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.

758 7590 05/1712023 Certificate of Mailing or Transmission

FENWICK & WEST LLP 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
SILICON VALLEY CENTER addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
801 CALIFORNIA STREET the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
MOUNTAIN VIEW, CA 94041 (Typed or printed name)|
(Signature)|
(Date)
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/877.,881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676

TITLE OF INVENTION: Storage System with Multiplane Segments and Cooperative Flash Management

| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $480 $0.00 $0.00 $480 08/17/2023
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
BATAILLE, PIERRE MICHE 2136 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 Fenwick & West LLP

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 2

registered attorney or agent) and the names of upto 2

O e . P 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
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)
Radian Memory Systems, Inc. Manhattan Beach, California

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (1 Government

4a. Fees submitted: Xissue Fee [ IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

Electronic Payment via Patent Center or EFS-Web [ Enclosed check () Non-electronic payment by credit card (Attach form PTO-2038)

The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 19-2555

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.

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

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.

| Applicant asserting small entity status. See 37 CFR 1.27

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

| Applicant changing to regular undiscounted fee status. 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 __/Michael W. Farn/ Date June 6, 2023
Typed or printed name Michael W. Farn Registration No. 41,015
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
758 7590 05/17/2023
FENWICK & WEST LLP BATAILLE, PIERRE MICHE
SILICON VALLEY CENTER
801 CALIFORNIA STREET | ART UNIT PAPERNUMBER |
MOUNTAIN VIEW, CA 94041 2136
DATE MAILED: 05/17/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
17/877.881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676

TITLE OF INVENTION: Storage System with Multiplane Segments and Cooperative Flash Management

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

nonprovisional SMALL $480 $0.00 $0.00 $480 08/17/2023

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 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted 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.

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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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 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. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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.

758 7590 05/1712023 Certificate of Mailing or Transmission

FENWICK & WEST LLP 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
SILICON VALLEY CENTER addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
801 CALIFORNIA STREET the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
MOUNTAIN VIEW, CA 94041 (Typed or printed name)|
(Signature)|
(Date)
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/877.,881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676

TITLE OF INVENTION: Storage System with Multiplane Segments and Cooperative Flash Management

| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $480 $0.00 $0.00 $480 08/17/2023
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
BATAILLE, PIERRE MICHE 2136 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 2

registered attorney or agent) and the names of upto 2

O e . P 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
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) : (] Individual [ Corporation or other private group entity (1 Government

4a. Fees submitted: [dissue Fee [ IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

() Electronic Payment via Patent Center or EFS-Web [ Enclosed check () 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.

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

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.

| Applicant asserting small entity status. See 37 CFR 1.27

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

| Applicant changing to regular undiscounted fee status. 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 Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/877.881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676
758 7590 05/17/2023 | EXAMINER |
FENWICK & WEST LLP BATAILLE, PIERRE MICHE
SILICON VALLEY CENTER
801 CALIFORNIA STREET | ART UNIT PAPERNUMBER |
MOUNTAIN VIEW, CA 94041 2136

DATE MAILED: 05/17/2023

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.

Page 3 of 3
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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. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 17/877,881 Kuzmin et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
PIERRE MICHEL BATAILLE 2136 Yes

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

1.4) This communication is responsive to 04/19/2023.
[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 1-30 . 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) Al b) (J Some* ¢) [J None of the:
1. (O Certified copies of the priority documents have been received.
2. [J 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.

(3O 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.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.V Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 04/19/2023.

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

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

/PIERRE MICHEL BATAILLE/
Primary Examiner, Art Unit 2136

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230505
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Notice of References Cited

Application/Control No.

Applicant(s)/Patent Under

17/877,881 Reexamination
Kuzmin et al.
Examiner Art Unit
PIERRE MICHEL BATAILLE 2136 Page 1 of 1

U.S. PATENT DOCUMENTS

* Countzog;jgg?ﬁ:r?bL;TEilewL Code MIVEI)- $$YY Name CPC Classification US Classification
* [ A | Us-20110022784-A1 01-2011 Yano; Junji GO06F12/0246 711/E12.001
* B | US-20060106972-A1 05-2006 Gorobets; Sergey A. G06F12/0246 711/E12.008
* | ¢ | US-9740439-B2 08-2017 Franceschini; Michele M. GO6F3/0619 17

D

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* COUmg"g:ggi?:ﬁ’:‘;Tg:g Code Ml\?» ?}?{YY Country Name CPC Classification

N

0]

P

Q

R

S

T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

u

\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20230505
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |i7/s77 gs1 Kuzmin et al.
H “‘ “ ”H Examiner Art Unit

PIERRE MICHEL BATAILLE 2136
CPC
Symbol Type Version
GO6F F 2013-01-01
GO6F | 2019-01-01
GO6F | 2013-01-01
GO6F | 2013-01-01
GO6F | 2013-01-01
GO6F | 2018-02-01
GO6F | 2013-01-01
GO6F | 2013-01-01
GO6F | 2013-01-01
GO6F | 2013-01-01
GO6F A 2013-01-01
GO6F A 2013-01-01
GO6F A 2013-01-01
GO6F A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 30
/PIERRE MICHEL BATAILLE/ 05 May 2023 . . -
Primary Examiner, Art Unit 2136 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2B

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20230505
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/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

17/877,881 Kuzmin et al.
Examiner Art Unit
PIERRE MICHEL BATAILLE 2136

INTERNATIONAL CLASSIFICATION

CLAIMED

GO6F

GO6F

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 30
/PIERRE MICHEL BATAILLE/ 05 May 2023 . . -
Primary Examiner, Art Unit 2136 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2B

U.S. Patent and Trademark Office

Page 2 of 3

Part of Paper No.: 20230505
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/877,881 Kuzmin et al.
Examiner Art Unit
PIERRE MICHEL BATAILLE 2136

[0 Claims renumbered in the same order as presented by applicant (] CPA T.D. ([O R1.47

CLAIMS
Final |Original|Final OriginallFinaI Original|Final |Original|Final OriginallFinaI Original|Final |Original|Final |Original

2 1 11 10 20 19 29 28

3 2 12 11 21 20 30 29

4 3 13 12 22 21 1 30

5 4 14 13 23 22

6 5 15 14 24 23

7 6 16 15 25 24

8 7 17 16 26 25

9 8 18 17 27 26

10 9 19 18 28 27
NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 30
/PIERRE MICHEL BATAILLE/ 05 May 2023 . . -
Primary Examiner, Art Unit 2136 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2B
U.S. Patent and Trademark Office Part of Paper No.: 20230505
Page 3 of 3
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Search Noles

Application/Control No.

Applicant(s)/Patent Under Reexamination

17/877,881 Kuzmin et al.
L Y
PIERRE MICHEL BATAILLE 2136
CPC - Searched*
Symbol Date Examiner
GO06F12/1009, G06F12/0292, GO6F9/45545, GO6F12/1036, PMB
GOBF2009/45583 09/26/2022
GO06F3/0679, GO6F3/0688, GO6F12/10, GO6F12/0246, GO6F2212/ 01/19/2023 PMB
2022, GO6F2212/7208, GO6F2212/7207, GO6F3/0611, GO6F3/0638
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
PALM INVENTOR NAME & ASSIGNEE SAEARCH 09/16/2022 PMB
KEYWORD & CONTEXT PE2E SEARCH 09/26/2022 PMB
NON-PATENT LITERATURE SEARCH 09/26/2022 PMB
NON-PATENT LITERATURE SEARCH 01/19/2023 PMB
KEYWORD & CONTEXT PE2E SEARCH 01/19/2023 PMB
KEYWORD & CONTEXT PE2E SEARCH 05/05/2023 PMB
NON-PATENT LITERATURE SEARCH 05/05/2023 PMB

/PIERRE MICHEL BATAILLE/

Primary Examiner, Art Unit 2136

U.S. Patent and Trademark Office

Page 1 of 2

Part of Paper No.: 20230505
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noftes 17/877 881 Kuzmin et al.
LT -
PIERRE MICHEL BATAILLE 2136

Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner

Symbol
INTERFERENCE SEARCH INCLUDED IN PE2E
SEARCH 01/19/2023 PMB
INTERFERENCE SEARCH INCLUDED IN PE2E
SEARCH 05/05/2023 PMB

/PIERRE MICHEL BATAILLE/
Primary Examiner, Art Unit 2136

U.S. Patent and Trademark Office

Page 2 of 2

Part of Paper No.: 20230505
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Complete if Known
Application Number
INFORMATION DISCLOSURE F"in; Da:te - }71/87279’8%22
STATEMENT BY APPLICANT First Named Inventor Au 3(/1 ’ i
(Not for submission under 37 CFR 1.99) - . .rey Y. Ruzmin
Applicant Radian Memory Systems, Inc.
Art Unit 2136
Confirmation Number 3676
Examiner Name BATAILLE, PIERRE MICHE
heet | 1 | of | 3 Attorney Docket Number | 30471-53126/US

U.S. PATENT DOCUMENTS

Document No.
Examiner Cite Number — Kind Code? (if Publication Date Name of Patentee or
Initials* No.! known) MM-DD-YYYY Applicant of Cited Document
Al US-11,544,200 01-03-2023 Lercari et al.
A2 US-11,537,529 12-27-2022 Lercari et al.
A3 US-11,537,528 12-27-2022 Lercari et al.
A4 US-11,487,657 11-01-2022 Kuzmin et al.
A5 US-11,487,656 11-01-2022 Kuzmin et al.
AB US-11,449,436 09-20-2022 Lercari et al.
A7 US-11,416,413 08-16-2022 Lercari et al.
A8 US-9,489,296 11-08-2016 Tomlin et al.
A9 US-9,378,149 06-28-2016 Bonwick
A10 US-2017/0075620 A1 03-16-2017 YAMAMOTO et al.
A11 US-2016/0162186 A1 06-09-2016 Kashyap et al.
A12 US-2016/0070496 A1 03-10-2016 Cohen et al.
A13 US-2016/0011818 A1 01-14-2016 HASHIMOTO et al.
A14 US-2013/0024460 A1 01-24-2013 Peterson et al.
A15 US-2013/0019057 A1 01-17-2013 Stephens
A16 US-2012/0260150 A1 10-11-2012 Cideciyan et al.
A17 US-2011/0161560 A1 06-30-2011 Hutchison et al.
A18 US-2011/0082967 A1 04-07-2011 Deshkar et al.
A19 US-2010/0250837 A1 09-30-2010 Schmidberger et al.
A20 US-2010/0077136 A1 03-25-2010 Ware et al.
A21 US-2009/0240903 A1 09-24-2009 Sauber et al.
A22 US-2009/0182964 A1 07-16-2009 GREINER et al.
A23 US-2008/0201517 A1 08-21-2008 Kuhne
A24 US-2005/0141313 A1 06-30-2005 Gorobets et al.

EXAMINER SIGNATURE
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L5 243 (map$3 OR lookup OR [(USOCR; FIT (AU, AP, |OR ON ON 2023/05/04
look?up OR translat$) |AT, BE, BG, BR, BY, 09:05 PM
near3 table WITH eras$ [CA, CH, CN, CS, CU,

AND (map$3 OR CZ, DD, DE, DK, EA,
lookup OR look?up OR |EE, EP, ES, FI, FR, GB,
translat$) near3 HR, HU, ID, IE, IL, IS,
address$2 AND IT, JP, KR, LT, LU, LV,
(chang$ OR updat$) MA, OA, RU, SU, WO,
near4 address$ AND MC, MD, MY, NL, NO,
address$ WITH Nz, PH, PL, PT, RO,
(preserv$ OR reserv$ [RS, SE, SG, S, SK,
OR sav$3) TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L6 21 L5 AND (chang$ OR (USOCR; FIT (AU, AP, |OR ON ON 2023/05/04
preserv$) near5 page AT, BE, BG, BR, BY, 09:06 PM
near3 address CA, CH, CN, CS, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L7 175 (map$3 OR lookup OR |(US-PGPUB; USPAT) |OR ON ON 2023/05/04
look?up OR translat$) 09:06 PM
near3 table WITH eras$
AND (map$3 OR
lookup OR look?up OR
translat$) near3
address$2 AND
(chang$ OR updat$)
neard4 address$ AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)

L8 18 L7 AND (chang$ OR (US-PGPUB; USPAT) |OR ON ON 2023/05/04
preserv$) near5 page 09:15 PM
near3 address

L9 12 (translat$ OR lookup (USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
OR look?up) near3 AU, BE, BG, BR, BY, 10:14 PM
table WITH eras$ near5 |CA, CH, CN, CS, CU,
address$2 AND page CZ, DD, DE, DK, EA,
near2 address$ WITH |EE, EP, ES, FI, FR, GB,

(preserv$ OR reserv$ |HR, HU, ID, IE, IL, IS,

OR sav$3) IT, JP, KR, LT, LU, LV,
05/04/2023 11:30:08 PM Page 1 of 7
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L10

L11

L12

L13

126

(translat$ OR lookup
OR look?up) near3
table WITH eras$ near5
address$2 AND page
near2 address$ WITH
(preserv$ OR reserv$
OR sav$3)

(map$3 OR lookup OR
look?up OR translat$)
neard table WITH eras$
near5 address$2 AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)

L11 AND (chang$ OR
preserv$) near5 page
near3 address

((map$3 OR lookup OR
look?up OR translat$)
near3 table WITH eras$
near5 address$2 AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)).pn.

MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CcU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S8I, SK, SU, TH,
TN, TR, TW, UA, VN,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/05/04
10:14 PM

2023/05/04
10:18 PM

2023/05/04
10:18 PM

2023/05/04
10:19 PM

05/04/2023 11:30:08 PM
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WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L14 144 (map$3 OR lookup OR [(US-PGPUB; USPAT) |OR ON ON 2023/05/04
look?up OR translat$) 10:21 PM
neard table WITH eras$
near5 address$2 AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)

L15 2761 L14AND (chang$ OR |(US-PGPUB; USPAT) |OR ON ON 2023/05/04
preserv$) near5 page 10:22 PM
near3 address

L16 37 L14 AND (chang$ OR |(US-PGPUB; USPAT) |OR ON ON 2023/05/04
preserv$) near5 page 10:22 PM
near3 address

L18 160450 (GO6F12/0246 (US-PGPUB; USPAT; |OR ON ON 2023/05/04
GO06F12/10 G06F12/02 |USOCR; FIT (AP, AT, 11:05 PM
GO06F3/0611 AU, BE, BG, BR, BY,

GO06F3/0679 CA,CH,CN, CS, CU,

G06F3/0638).CPC. CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, Sl, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L19 5 L18 AND (translat$ OR [(USOCR; FIT (AU, AP, |OR ON ON 2023/05/04
lookup OR look?up) AT, BE, BG, BR, BY, 11:07 PM
near3 table WITH eras$ [CA, CH, CN, CS, CU,
near5 address$2 AND |CZ, DD, DE, DK, EA,
page near2 address$ EE, EP, ES, FI, FR, GB,

WITH (preserv$ OR HR, HU, ID, IE, IL, IS,

reserv$) near5 page IT, JP, KR, LT, LU, LV,

near3 address$ MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L20 0 L18 AND (translat$ OR |(US-PGPUB; USPAT) |OR ON ON 2023/05/04
lookup OR look?up) 11:07 PM
near3 table WITH eras$
near5 address$2 AND
page near2 address$
WITH (preserv$ OR
reserv$) near5 page
near3 address$

L21 9 L18 AND (map$4 OR |(USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
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translat$ OR lookup OR |AU, BE, BG, BR, BY, 11:08 PM
look?up) near3 table CA, CH, CN, CS, CU,
WITH eras$ near5 CZ, DD, DE, DK, EA,
address$2 AND page EE, EP, ES, FI, FR, GB,
near2 address$ AND HR, HU, ID, IE, IL, IS,
(preserv$ OR reserv$) |[IT, JP, KR, LT, LU, LV,
near5 page near3 MA, MC, MD, MY, NL,
address$ NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L22 36 L18 AND (map$4 OR |[(US-PGPUB; USPAT) |OR ON ON 2023/05/04
translat$ OR lookup OR 11:08 PM
look?up) near3 table
WITH eras$ near5
address$2 AND page
near2 address$ AND
(preserv$ OR reserv$)
near5 page near3
address$

L23 364 L18 AND (maintain$ (US-PGPUB; USPAT) |OR ON ON 2023/05/04
OR preserv$) WITH 11:12 PM
(block OR page) near3
address$ WITH eras$
near5 (page OR block)

L24 79 L23 AND (translat$ OR |(US-PGPUB; USPAT) |OR ON ON 2023/05/04
map$4 OR lookup OR 11:13 PM
look?up) near3 table
WITH eras$

L25 130 L18 AND (maintain$ (USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
OR preserv$) WITH AU, BE, BG, BR, BY, 11:13 PM
(block OR page) near3 [CA, CH, CN, CS, CU,
address$ WITH eras$ |CZ, DD, DE, DK, EA,
near5 (page OR block) [EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L26 37 L25 AND (translat$ OR [(USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
map$4 OR lookup OR |AU, BE, BG, BR, BY, 11:13 PM
look?up) near3 table CA,CH, CN, Cs, CU,

WITH eras$ CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
05/04/2023 11:30:08 PM Page 4 of 7
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PT, RO, RS, RU, SE,
SG, Sl, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L27 0 L18 AND (preserv$ (USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
near3 page near3 AU, BE, BG, BR, BY, 11:23 PM
order$ AND (preserv$ |CA, CH, CN, CS, CU,

OR maintain$) near5 CZ, DD, DE, DK, EA,

page near3 address) EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, Sl, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L28 45 L18 AND (preserv$ (US-PGPUB; USPAT) |OR ON ON 2023/05/04
near3 page near3 11:23 PM
order$ AND (preserv$
OR maintain$) near5
page near3 address)

L29 0 (preserv$ near3 page [(USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
near3 order$ AND AU, BE, BG, BR, BY, 11:24 PM
(preserv$ OR CA, CH, CN, CS, CU,
maintain$) near5 page |(CZ, DD, DE, DK, EA,
near3 address) EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, Sl, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L30 48 (preserv$ near3 page [(US-PGPUB; USPAT) |OR ON ON 2023/05/04
near3 order$ AND 11:24 PM
(preserv$ OR
maintain$) near5 page
near3 address)

L31 5 (preserv$ OR (USOCR; FIT (AP, AT, |OR ON ON 2023/05/04
maintain$) near3 page |[AU, BE, BG, BR, BY, 11:26 PM
near3 order$ WITH CA, CH, CN, CS, CU,

(relocat$ OR backup) CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
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L32 14

L33 28

(preserv$ OR
maintain$) near3 page
near3 order$ WITH
(relocat$ OR backup)

("20100077136"
"20100125694"
"8838937" "8745315"
"9251067"
"20080270680"
"8041884"
"20140101369"
"9489296" "9268682"
"20080177937"
"20100030999"
"8321652" "8745310"
"20140136753"
"9507523" "8954694"
"20120203958"
"7949851"
"20090172345"
"20070276988"
"8909851" "7680977"
"20070143569"
"7644251"
"20100250837"
"20110145488"
"20120297117").pn.

SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2023/05/04
11:26 PM

2023/05/04
11:28 PM

PE2E SEARCH - Search History (Interference)

Ref # Hits

[search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1 1

N2 2

N3 1

((translat$ OR lookup
OR look?up) near3
table WITH eras$ near5
address$2 AND page
near2 address$ WITH
(preserv$ OR reserv$
OR sav$3)).clm.

((map$3 OR lookup OR
look?up OR translat$)
neard table WITH eras$
near5 address$2 AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)).cim.

((map$3 OR lookup OR
look?up OR translat$)
near3 table WITH eras$
AND (map$3 OR

lookup OR look?up OR

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/05/04
08:48 PM

2023/05/04
08:54 PM

2023/05/04
09:03 PM

05/04/2023 11:30:08 PM
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N4 2

NS 0

N6 0

translat$) near3
address$2 AND
(chang$ OR updat$)
near4 address$ AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)).cim.

((map$3 OR lookup OR
look?up OR translat$)
neard table WITH eras$
near5 address$2 AND
address$ WITH
(preserv$ OR reserv$
OR sav$3)).cim.

(preserv$ near3 page
near3 order$ AND
(preserv$ OR
maintain$) near5 page
near3 address).clm.

((preserv$ OR
maintain$) near3 page
near3 order$ WITH
(relocat$ OR backup)
).clm.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/05/04
10:20 PM

2023/05/04
11:22 PM

2023/05/04
11:26 PM

05/04/2023 11:30:08 PM
Workspace: 17952230
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L1 1 cache NEAR node AND | (USOCR; FIT (AU, AP, |OR ON ON 2023/01/20
snoop$ near3 AT, BE, BG, BR, BY, 11:34 AM
(response OR CA,CH, CN, Cs, CU,
message) AND CZ, DD, DE, DK, EA,
identifier WITH EE, EP, ES, FI, FR, GB,
prefetch$ HR, HU, ID, IE, IL, IS,

IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 3 cache NEAR node AND | (US-PGPUB; USPAT) |OR ON ON 2023/01/20
snoop$ near3 11:35 AM
(response OR
message) AND
identifier WITH
prefetch$

L4 1 cache near3 node AND |(USOCR; FIT (AU, AP, |OR ON ON 2023/01/20
snooping near3 AT, BE, BG, BR, BY, 01:38 PM
message AND CA,CH, CN, CSs, CU,
prefetch$ near3 (flag CZ, DD, DE, DK, EA,

OR tag OR identif$) EE, EP, ES, FI, FR, GB,

AND prefetch$ near3 HR, HU, ID, IE, IL, IS,

operation near5 (need$ |IT, JP, KR, LT, LU, LV,

OR necess$) MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L5 1 cache near3 node AND |(US-PGPUB; USPAT) |OR ON ON 2023/01/20
snooping near3 01:38 PM
message AND
prefetch$ near3 (flag
OR tag OR identif$)

AND prefetch$ near3
operation near5 (need$
OR necess$)

L6 2 snoop$ near3 message |(USOCR; FIT (AU, AP, |OR ON ON 2023/01/20
AND prefetch$ AND AT, BE, BG, BR, BY, 01:41 PM
identifier AND writ$3 CA, CH,CN, CS, CU,

AND node WITH CZ, DD, DE, DK, EA,
prefetch$ EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
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MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L7 2 snoop$ near3 message |(US-PGPUB; USPAT) |OR ON ON 2023/01/20
AND prefetch$ AND 01:41 PM
identifier AND writ$3
AND node WITH
prefetch$

L8 33 snoop$ near3 (USOCR; FIT (AU, AP, |OR ON ON 2023/01/20
(response OR AT, BE, BG, BR, BY, 01:43 PM
message) AND CA, CH, CN, CS, CU,
prefetch$ AND identif$ [CZ, DD, DE, DK, EA,

AND node WITH EE, EP, ES, FI, FR, GB,

prefetch$ HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L9 47 snoop$ near3 (US-PGPUB; USPAT) |OR ON ON 2023/01/20
(response OR 01:44 PM
message) AND
prefetch$ AND identif$
AND node WITH
prefetch$

L10 73561 (GO6F12/0862 (US-PGPUB; USPAT; |OR ON ON 2023/01/20
GO06F12/0238 USOCR; FIT (AU, AP, 01:46 PM
GO06F12/0813 AT, BE, BG, BR, BY,

GO06F12/0811 CA,CH,CN, CS, CU,

GO06F12/02 CZ, DD, DE, DK, EA,

GO06F12/08).CPC. EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L11 1 L10 AND prefetch$ (USOCR; FIT (AU, AP, |OR ON ON 2023/01/20
near3 identif$ AND AT, BE, BG, BR, BY, 01:53 PM
prefetch$ near5 node CA,CH, CN, Cs, CU,

AND prefetch$ near3 CZ, DD, DE, DK, EA,
(result$ OR message EE, EP, ES, FI, FR, GB,
OR response) AND HR, HU, ID, IE, IL, IS,
snoop$ near5 IT, JP, KR, LT, LU, LV,
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(response OR result OR[MA, OA, RU, SU, WO,

message) MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L12 24 L10 AND prefetch$ (USOCR; FIT (AU, AP, |OR ON ON 2023/01/20
AND identif$ AND AT, BE, BG, BR, BY, 01:53 PM
prefetch$ WITH node CA,CH, CN, CSs, CU,

AND prefetch$ near3 CZ, DD, DE, DK, EA,

(result$ OR message |EE, EP, ES, FI, FR, GB,

OR response) AND HR, HU, ID, IE, IL, IS,

snoop$ near5 IT, JP, KR, LT, LU, LV,

(response OR result OR[MA, OA, RU, SU, WO,

message) MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L13 4 L10 AND prefetch$ (US-PGPUB; USPAT) |OR ON ON 2023/01/20
near3 identif$ AND 01:54 PM
prefetch$ near5 node
AND prefetch$ near3
(result$ OR message
OR response) AND
snoop$ nearb
(response OR result OR
message)

L14 21 L10 AND prefetch$ (US-PGPUB; USPAT) |OR ON ON 2023/01/20
AND identif$ AND 01:54 PM
prefetch$ WITH node
AND prefetch$ near3
(result$ OR message
OR response) AND
snoop$ near5
(response OR result OR
message)

L15 1 prefetch$ WITH (USOCR; FIT (AP, AT, |OR ON ON 2023/01/20
to?be?writ$ near4 (line |AU, BE, BG, BR, BY, 02:03 PM
OR data OR page) AND|CA, CH, CN, CS, CU,

(indicat$ OR identi$) CZ, DD, DE, DK, EA,

AND snoop$3 near4 EE, EP, ES, FI, FR, GB,

(response OR result OR|HR, HU, ID, IE, IL, IS,

message) IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
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L16 1 prefetch$ WITH (US-PGPUB; USPAT) |OR ON ON 2023/01/20
to?be?writ$ near4 (line 02:03 PM
OR data OR page) AND
(indicat$ OR identi$)
AND snoop$3 near4
(response OR result OR
message)
L17 5 prefetch$ WITH (USOCR; FIT (AP, AT, |OR ON ON 2023/01/20
to?be?writ$ near4 (line |AU, BE, BG, BR, BY, 02:04 PM
OR data OR page) CA, CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L18 1 prefetch$ WITH (US-PGPUB; USPAT) |OR ON ON 2023/01/20
to?be?writ$ near4 (line 02:04 PM
OR data OR page)
L21 1 cache NEAR node AND | (USOCR; FIT (AU, AP, |OR ON ON 2023/05/05
snoop$ near3 AT, BE, BG, BR, BY, 11:15 PM
(response OR CA,CH, CN, Cs, CU,
message) AND CZ, DD, DE, DK, EA,
identifier WITH EE, EP, ES, FI, FR, GB,
prefetch$ HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L22 3 cache NEAR node AND | (US-PGPUB; USPAT) |OR ON ON 2023/05/05
snoop$ near3 11:15 PM
(response OR
message) AND
identifier WITH
prefetch$
L23 1 cache near3 node AND |(USOCR; FIT (AU, AP, |OR ON ON 2023/05/05
snooping near3 AT, BE, BG, BR, BY, 11:15 PM
message AND CA, CH, CN, Cs, CU,
prefetch$ near3 (flag CZ, DD, DE, DK, EA,
OR tag OR identif$) EE, EP, ES, FI, FR, GB,
AND prefetch$ near3 HR, HU, ID, IE, IL, IS,
operation near5 (need$ |IT, JP, KR, LT, LU, LV,
OR necess$) MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
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RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L24 1 cache near3 node AND [(US-PGPUB; USPAT) |OR ON ON 2023/05/05
snooping near3 11:15 PM
message AND
prefetch$ near3 (flag
OR tag OR identif$)

AND prefetch$ near3
operation near5 (need$
OR necess$)

L25 2 snoop$ near3 message |(USOCR; FIT (AU, AP, |OR ON ON 2023/05/05
AND prefetch$ AND AT, BE, BG, BR, BY, 11:15 PM
identifier AND writ$3 CA,CH,CN, CS, CU,

AND node WITH CZ, DD, DE, DK, EA,

prefetch$ EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L26 2 snoop$ near3 message |(US-PGPUB; USPAT) |OR ON ON 2023/05/05
AND prefetch$ AND 11:15 PM
identifier AND writ$3
AND node WITH
prefetch$

L27 33 snoop$ near3 (USOCR; FIT (AU, AP, |OR ON ON 2023/05/05
(response OR AT, BE, BG, BR, BY, 11:15 PM
message) AND CA,CH, CN, Cs, CU,
prefetch$ AND identif$ [CZ, DD, DE, DK, EA,

AND node WITH EE, EP, ES, FI, FR, GB,

prefetch$ HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L28 49 snoop$ near3 (US-PGPUB; USPAT) [OR ON ON 2023/05/05
(response OR 11:15 PM
message) AND
prefetch$ AND identif$
AND node WITH
prefetch$

L29 75130 (G06F12/0862 (US-PGPUB; USPAT; [OR ON ON 2023/05/05
G06F12/0238 USOCR; FIT (AU, AP, 11:15 PM
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GO06F12/0813 AT, BE, BG, BR, BY,

GO06F12/0811 CA, CH, CN, CS, CU,

GO06F12/02 CZ, DD, DE, DK, EA,

GO06F12/08).CPC. EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L30 1 L10 AND prefetch$ (USOCR; FIT (AU, AP, |OR ON ON 2023/05/05
near3 identif$ AND AT, BE, BG, BR, BY, 11:15 PM
prefetch$ near5 node CA,CH, CN, Cs, CU,

AND prefetch$ near3 CZ, DD, DE, DK, EA,

(result$ OR message EE, EP, ES, FI, FR, GB,

OR response) AND HR, HU, ID, IE, IL, IS,

snoop$ near5 IT, JP, KR, LT, LU, LV,

(response OR result OR[MA, OA, RU, SU, WO,

message) MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L31 24 L10 AND prefetch$ (USOCR; FIT (AU, AP, |OR ON ON 2023/05/05
AND identif$ AND AT, BE, BG, BR, BY, 11:15 PM
prefetch$ WITH node CA,CH, CN, CSs, CU,

AND prefetch$ near3 CZ, DD, DE, DK, EA,

(result$ OR message EE, EP, ES, FI, FR, GB,

OR response) AND HR, HU, ID, IE, IL, IS,

snoop$ near5 IT, JP, KR, LT, LU, LV,

(response OR result OR[MA, OA, RU, SU, WO,

message) MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L32 4 L10 AND prefetch$ (US-PGPUB; USPAT) |OR ON ON 2023/05/05
near3d identif$ AND 11:15 PM
prefetch$ near5 node
AND prefetch$ near3
(result$ OR message
OR response) AND
snoop$ nearb
(response OR result OR
message)

L33 23 L10 AND prefetch$ (US-PGPUB; USPAT) |OR ON ON 2023/05/05
AND identif$ AND 11:15 PM
prefetch$ WITH node
AND prefetch$ near3
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L34

L35

L36

L37

L38

27

(result$ OR message
OR response) AND
snoop$ near5
(response OR result OR
message)

prefetch$ WITH
to?be?writ$ near4 (line
OR data OR page) AND
(indicat$ OR identi$)
AND snoop$3 near4
(response OR result OR
message)

prefetch$ WITH
to?be?writ$ near4 (line
OR data OR page) AND
(indicat$ OR identi$)
AND snoop$3 near4
(response OR result OR
message)

prefetch$ WITH
to?be?writ$ near4 (line
OR data OR page)

prefetch$ WITH
to?be?writ$ near4 (line
OR data OR page)

("0000002"|"11416413"|
"11449436"|"11487656"
|"11487657"|"11537528
"["11537529"|"1154420
0"|"20040083335""200
50073884"|"200501413
13"["20080201517"|"20
090182964"|"20090240
903"["20100077136"|"2
0100250837"|"2011008
2967""20110161560"|"

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT)

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/05/05
11:15 PM

2023/05/05
11:15 PM

2023/05/05
11:15 PM

2023/05/05
11:15 PM

2023/05/05
11:25 PM

05/05/2023 11:30:09 PM
Workspace: 17877881

Page 7 of 8
PB

Samsung Ex. 1002, Page 44 of 393




20120260150"|"201300
19057"|"20130024460"|
"20160011818"|"20160
070496"|"20160162186
"|"20170075620"|"9378
149"|"9489296").PN.

PE2E SEARCH - Search History (Interference)

Ref # Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1 1

N2 1

N3 2

N4 3

((cluster OR cach$3
near2 node) AND
snoop$ near3
(response OR
message) AND
identifier WITH
prefetch$).cim.

(cache near3 node AND
snooping near3
message AND
prefetch$ near3 (flag
OR tag OR identif$)
AND prefetch$ near3
operation near5 (need$
OR necess$)).cim.

(snoop$ near3
message AND
prefetch$ AND identifier
AND writ$3 AND node
WITH prefetch$).cim

(snoop$ near3
(response OR
message) AND
prefetch$ AND identif$
AND node WITH
prefetch$).cim.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/01/20
01:36 PM

2023/01/20
01:38 PM

2023/01/20
01:41 PM

2023/01/20
01:44 PM

05/05/2023 11:30:09 PM
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Doc code: RCEX PTO/SB/30EFS {07-09)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2012. OMB 0851-0031
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.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | } 2,477 a5 Filing | bo2s 07-20 Docket Number | 0,74 53106108 At 1 biag
Number Date (if applicable) Unit

First Named| , 400 v Kuzmin Examiner BATAILLE, PIERRE MICHE

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

|:| Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is hot checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

X Enclosed

[] Amendment/Reply
g Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration{s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 192555

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature
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Doc code: RCEX PTO/SB/30EFS {07-09)
Doc description: Request for Continued Examination (RCE)

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.

Signature of Registered U.S. Patent Practitioner

Signature

Michael W. Farn/

Date (YYYY-MM-DD) (R023-04-19 I

Name

Michael W. Fam

Registration Number F1015

This collection of information is required by 37 CFR 1.114. The informaticn 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.

If vou need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.
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Privacy Act Statement

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

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

1.

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

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, tc 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 cpen 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.

EFS - Web 2.1.15

Samsung Ex. 1002, Page 48 of 393




INFORMATION DISCLOSURE

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

Complete if Known

Application Number

17/877,881

Filing Date July 29, 2022

First Named Inventor Andrey V. Kuzmin

Applicant Radian Memory Systems, Inc.
Art Unit 2136

Confirmation Number 3676
Examiner Name BATAILLE, PIERRE MICHE
heet | | of | 3 Attorney Docket Number | 390471-53126/US
U.S. PATENT DOCUMENTS
Document No.
Examiner Cite Number — Kind Code? (if Publication Date Name of Patentee or
Initials* No.! known) MM-DD-YYYY Applicant of Cited Document
Al US-11,544,200 01-03-2023 Lercari et al.
A2 US-11,537,529 12-27-2022 Lercari et al.
A3 US-11,537,528 12-27-2022 Lercari et al.
A4 US-11,487,657 11-01-2022 Kuzmin et al.
A5 US-11,487,656 11-01-2022 Kuzmin et al.
AB US-11,449,436 09-20-2022 Lercari et al.
A7 US-11,416,413 08-16-2022 Lercari et al.
A8 US-9,489,296 11-08-2016 Tomlin et al.
A9 US-9,378,149 06-28-2016 Bonwick
A10 US-2017/0075620 A1 03-16-2017 YAMAMOTO et al.
A11 US-2016/0162186 A1 06-09-2016 Kashyap et al.
A12 US-2016/0070496 A1 03-10-2016 Cohen et al.
A13 US-2016/0011818 A1 01-14-2016 HASHIMOTO et al.
A14 US-2013/0024460 A1 01-24-2013 Peterson et al.
A15 US-2013/0019057 A1 01-17-2013 Stephens
A16 US-2012/0260150 A1 10-11-2012 Cideciyan et al.
A17 US-2011/0161560 A1 06-30-2011 Hutchison et al.
A18 US-2011/0082967 A1 04-07-2011 Deshkar et al.
A19 US-2010/0250837 A1 09-30-2010 Schmidberger et al.
A20 US-2010/0077136 A1 03-25-2010 Ware et al.
A21 US-2009/0240903 A1 09-24-2009 Sauber et al.
A22 US-2009/0182964 A1 07-16-2009 GREINER et al.
A23 US-2008/0201517 A1 08-21-2008 Kuhne
A24 US-2005/0141313 A1 06-30-2005 Gorobets et al.

EXAMINER SIGNATURE

Examiner Signature

Date Considered

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

1 Applicant’s unique citation designation number (option). 2 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 3 Enter office
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[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

Description

Title of Invention: FLASH MEMORY MODULE
Technical Field

The present invention generally relates to a module comprising a flash memory.
Background Art

Lower-cost, higher-capacity flash memory is coming into widespread use. Thanks to
outstanding performance and power consumption features, flash memory use is
spreading especially rapidly in modules that place emphasis on these features (for
example, storage systems and compact mobile modules).

A flash memory comprises a plurality of flash memory chips (hereinafter, chips), and
each chip comprises a plurality of physical blocks. A physical block is comprised from
a plurality of physical pages. The physical block and the physical page are both
physical storage areas. For example, the reading and writing of data are carried out in
page units, and the erasing of data is carried out in block units.

The flash memory, in particular, the large-capacity NAND-type flash memory has
the following two characteristic features.

The first is the fact that it is not possible to write new data over data that has already
been written to a physical page, and in order to write new data to this physical page, it
is necessary to carry out an erase process for the physical block comprising this
physical page. Data of a fixed size is written to the erased physical block in order from
the start of this block. As described above, the flash memory is limited as to the size
and order of a read and a write.

The other is a wear-out phenomenon. The wear-out phenomenon is one in which the
flash memory becomes unable to hold information after erase processing has been
carried out more that a certain number of times. The number of erasures is more apt to
reach the limit in a case where writes are carried out frequently. In a case where writes
concentrate on a specific area, the physical blocks comprising this area reach the end
of their service life early on.

With respect to these problems, for example, Patent Literature 1 discloses a
technology in which a controller for controlling the flash memory conceals the size and
order limitations of reads and writes. In accordance with Patent Literature 1, an area
for appending data is disposed inside the flash memory. Also, for example, Patent
Literature 2 discloses a technology for extending the service life of the flash memory
by dispersing write destinations.

These technologies require information (logical/physical conversion information) for

making a logical address used by a host to specify an access destination correspond to
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a storage-destination flash memory address (physical address). Failure to make this
logical/physical conversion data nonvolatile the same as the data being written/read to/
from the host will make it impossible to store the data correctly. For example, Patent
Literature 3 discloses a technology for storing this logical/physical conversion in-
formation together with a user data, and restoring the original logical/physical
conversion information from the stored data.

Citation List
Patent Literature

[0009] PTL 1: Japanese Patent Application Laid-open No. 2009-064251
PTL 2: Japanese Patent Application Laid-open No. 2007-265265
PTL 3: Japanese Patent Application Laid-open No. H8-077074

Summary of Invention

Technical Problem

[0010] Ordinarily, a flash memory module boots up when the power is turned ON, and
restores the logical/physical conversion information at boot up time. A management in-
formation unit is required to restore the logical/physical conversion information. The
management information unit, for example, is an information unit that is written into
the overhead area of the physical page, and denotes which physical block comprises
this physical page, and the logical page inside the logical block to which this physical
page corresponds.

[0011] Although the logical/physical conversion information is able to be restored in ac-
cordance with the above-mentioned technology, all the management information units
must be read in order to perform restoration. For this reason, the restoration of the
logical/physical conversion information takes a long time. For example, in a case
where the flash memory has a capacity of 256 GB (gigabytes) and the size of the
physical page is 4 kB (kilobytes), each management information unit from 64 M
(mega) (256 GB divided by 4 kB) of physical pages must be read out. Since the time
required for readout is normally 100 microseconds per physical page, the restoration of
the logical/physical conversion information requires around 6,400 seconds. This is an
extremely long time compared to the time required to boot up a hard disk (for example,
around 10 seconds). As flash memory capacity increases, the time required for booting
up will most likely increase proportionally.

[0012] An object of the present invention is to reduce the time required to boot up a flash
memory module.

Solution to Problem
[0013] The logical/physical conversion information comprises a first conversion information

and a second conversion information. A flash memory module controller restores the
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first conversion information at boot up time, making the flash memory ready to receive
an access command from the host after the first conversion information has been
restored, and after the flash memory is ready to receive an access command, the
controller restores the second conversion information.
Advantageous Effects of Invention

[0014] The present invention makes it possible to reduce the time required to boot up the
flash memory module.
Brief Description of Drawings

[0015] [fig.1]Fig. 1 shows the configuration of a flash memory module related to a first em-
bodiment of the present invention.
[fig.2]Fig. 2 shows the internal configuration of a chip 5.
[fig.3A]Fig. 3A shows the status of a physical block #p in the initialized state.
[fig.3B]Fig. 3B shows an example of the state subsequent to new data being written to
the physical block #p.
[fig.3C]Fig. 3C shows the state of the physical block #p subsequent to a merge
operation being performed.
[fig.4]Fig. 4 shows the configuration of a flash memory module control data 6.
[fig.5]Fig. 5 shows the configuration of a module control function 7.
[fig.6]Fig. 6 shows an example of the corresponding relationship between tables 61
and 62 inside a volatile memory 3 and the state of a physical block inside a chip array
4.
[fig.7]Fig. 7 shows an example of the configuration of a block mapping table 61.
[fig.8]Fig. 8 shows an example of the configuration of a page mapping table 62.
[fig.9]Fig. 9 shows an example of a scheme for storing data in a physical block 51.
[fig.10]Fig. 10 shows a detailed example of the configuration of a physical page 52.
[fig.11]Fig. 11 shows an example of the configuration of a block metadata 515.
[fig.12]Fig. 12 shows an example of the configuration of a page metadata 526.
[fig.13]Fig. 13 shows an example of the flow of processing carried out by a host read
service function 71.
[fig.14]Fig. 14 shows an example of the flow of processing carried out by a host write
service function 72.
[fig.15]Fig. 15 shows an example of the flow of processing carried out by a page
mapping table reconstruct function 74.
[fig.16]Fig. 16 shows an example of the flow of processing carried out by a power ON
function 75.
[fig.17]Fig. 17 shows an example of the flow of processing carried out by an initialize

function 76.
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[fig.18]Fig. 18 shows an example of an exchange between a controller 2 and the chip
array 4 in S726 of the host write service function 72.

[fig.19]Fig. 19 shows an example of the exchanges between the controller 2 and the
chip array 4 in S728 through S730 of the host write service function.

[fig.20]Fig. 20 shows an example of the exchanges between the controller 2 and the
chip array 4 in S752 of the power ON function 75 and in S743 of the page mapping
table reconstruct function 74.

[fig.21]Fig. 21 shows an example of the corresponding relationship between a logical
address and a logical block/logical page in the first embodiment of the present
invention.

Description of Embodiments

[0016] A flash memory module in which a flash memory module related to the first em-
bodiment of the present invention is used will be explained below by referring to the
attached drawings. However, it should be noted that this embodiment is merely an
example for realizing the present invention, and does not limit the technical scope of
the present invention. Also, the same reference signs will be assigned to common con-
figurations in the respective drawings.

[0017] Fig. 1 shows the configuration of a flash memory module related to the first em-
bodiment of the present invention.

[0018] The flash memory module 1 comprises a flash memory controller (hereinafter,
controller) 2, a volatile memory 3, a chip array (one or more flash memories) 4, a flash
memory bus 8, and a host interface 9. The flash memory module 1, for example, may
be the same shape as a 3.5-inch or 2.5-inch hard disk drive, or may be larger or smaller
than same.

[0019] The chip array 4 comprises a plurality of flash memory chips (hereinafter, chip) 5.

[0020] The controller 2 controls the chip array 4, and also controls communications with a
host 11. For example, the controller 2 comprises a processor for executing a flash
memory control software (a computer program), a memory controller for writing/
reading data to/from the chip 5, and a host interface controller for exchanging data
with the host 11. In Fig. 1, the controller 2 comprises a single LSI (Large Scale In-
tegration), but, for example, the controller 2 may also be comprised of a plurality of IC
(Integrated Circuit) chips, such as an externally connected processor. The flash
memory module control function (hereinafter, module control function) 7 of the
controller 2 will be explained below.

[0021] The volatile memory 3 is used for storing, from among the information handled by
the controller 2, the information required for rapid access. Specifically, for example,

the volatile memory 3 stores the above-mentioned flash memory control software, and
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a flash memory module control data (hereinafter, module control data) 6 used by this
software. A detailed explanation of the module control data 6 will be given below. The
volatile memory 3, for example, is a DRAM (Dynamic Random Access Memory). Fur-
thermore, another type of storage medium may be used instead of a volatile memory 3
as long as it is capable of high-speed access.

[0022] The chip 5 is used for storing information written/read to/from the host 11. Data that
should be nonvolatile is also stored from among the information required for control.
This will be explained in detail below.

[0023] The flash memory bus 8 is used for connecting the controller 2 and the chip 5. In Fig.
1, a plurality of chips 5 are connected to one flash memory bus 8, but another
connection scheme may be used.

[0024] The host interface 9 is used to connect the flash memory module 1 to the host 11, and
to carry out the exchange of information. For example, a SATA (Serial ATA), SAS
(Serial Attached SCSI), FC (Fibre Channel) or other such storage interface may be
used as the host interface 9, and a PCI-Express or other such I/O-type interface may
also be used.

[0025] The flash memory module 1 may be provided in the storage system. In this case, the
storage system comprises a plurality of flash memory modules 1. A RAID group is
comprised of two or more memory modules 1. A logical volume is created based on
the RAID group. In accordance with this, the host 11 may be a controller (hereinafter,
storage controller) of the storage system, or may be a host computer that is connected
to the storage system. In the case of the former, the storage controller is able to send an
access-destination logical address that accords with an I/O command from the host
computer to the flash memory module 1 that manages this logical address, and to
access the physical block that corresponds to this logical address.

[0026] Further, the flash memory module 1 may be a SSD (Solid State Drive) or a portable
flash memory module. In this case, the host 11 may be a computer.

[0027] Fig. 2 shows the internal configuration of a chip 5. Furthermore, in Fig. 2 and the
subsequent drawings, the physical block is abbreviated as "PB", the physical page is
abbreviated as "PP", the logical block is abbreviated as "LB" and the logical page is
abbreviated as "LP".

[0028] The chip 5 is comprised of a plurality of physical blocks 51. The physical block 51 is
comprised of a plurality of physical pages 52.

[0029] The chip 5 has three interfaces, read, write and erase. Specifically, these are as
follows.

[0030] (Read) It is possible to read in data from either an entire physical page 52, or a
portion of a physical page 52.

[0031] (Write) It is possible to write data to an empty physical page (a physical page, which

Samsung Ex. 1002, Page 58 of 393



WO 2011/055407 PCT/JP2009/005859

has been erased, and on which nothing is written) 52 in order from the start of the
physical block 51. Specifically, for example, for physical block 51, in which data is
only written on physical page #1, a write is possible to physical page #2, but it is not
possible to overwrite the data in physical page #1. It is also not possible to skip
physical page #2 and write data to physical page #3.

[0032] (Erase) It is possible to erase data in physical block 51 units. That is, it is not possible
to erase only one part inside the physical block 51, and make that part an unwritten
state (that is, make it an empty block).

[0033] Normally, the size of the physical block, the size of the physical page, and the size of
the read/write unit from the host 11 will differ. For example, as shown in Fig. 21, the
physical block is 256 kB, the physical page is 2 kB, and the size of the unit being
written/read to/from the host 11 (the access size) is 512 B. That is, a logical block is
allocated for each range of logical addresses capable of being specified from the host
11, and a physical block is allocated to the logical block. One or more physical blocks
may be allocated to one logical block, but in this embodiment, it is supposed that one
physical block is allocated to one logical block. The physical block is configured from
a plurality of physical pages. A physical page inside a physical block allocated to a
logical block is allocated to each logical page configuring the logical block. The
controller 2 is able to specify the logical page of the access destination by performing a
predetermined operation based on the logical address specified in the access command
from the host 11, and is able to specify the physical page corresponding to the access-
destination logical page based on the module control data 6.

[0034] For this reason, a mechanism for making up the difference between the size of the
access from the host 11 and the size of the write unit/erase unit (page/block) of the chip
5 is needed for a write.

[0035] Figs. 3A through 3C show examples of the controller 2 operations for concealing the
difference between the chip 5 page/block size and the size of the access from the host
11. Furthermore, in Figs. 3A through 3C, a physical block 51 having p as the physical
block number (PB#) is given as an example, but the configuration is the same for
another physical block 51 as well. The physical block 51 with PB# of p will be referred
to as "physical block #p" below.

[0036] A plurality of physical pages 52 inside the physical block #p are divided into a
master area and an append area. That is, there are physical pages 52 that belong to the
master area and physical pages 52 that belong to the append area in the physical block
#p. The data written to each physical page 52 is managed using a logical page number
(LP#).

[0037] Fig. 3A shows the status of the physical block #p in the initialized state.

[0038] In the initialized state, the data from a logical page #1 (the logical page having 1 as
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[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

the LP#) to a logical page #a are respectively written to each physical page 52 from a
physical page #1 (the physical page having 1 as the PP#) to a physical page #a. For the
remaining physical pages 52 (that is, from physical page #(a + 1) through physical
page #n), the state (erased state) is one in which data has yet to be written in.

Fig. 3B shows an example of the state subsequent to new data having been written to
the physical block #p.

In this example, the data to be written to logical page #a is stored in the physical page
#(a + 1), and the data to be written to logical page #2 is stored in physical page #n. In
so doing, it becomes possible to append data to the physical block #p without erasing
the physical block #p (strictly speaking, without performing an erase process for the
physical block #p) with respect to a write unit request that is smaller than the size of
the physical block #p.

However, according to the example of Fig. 3B, since data is written up to the last
physical page #n in the append area, a physical page that is capable of being written to
does not exist in the physical block #p. Accordingly, the controller 2 carries out a
merge operation (reclamation) that reflects the appended data in the master area. In the
merge operation, the controller 2 reads in the latest data of each logical page from the
physical block #p, and after carrying out an erase process for the physical block #p,
writes the latest data for the logical page corresponding to this physical page in order
from the first physical page of the master area. Furthermore, so that the data write is
carried out in order from the first physical page to the last physical page, the latest data
corresponding to the same logical page exists in either the last physical page or the
physical page closest to the last physical page.

Fig. 3C shows the state of the physical block #p after the merge operation has been
carried out.

The data is written in order from the first physical page of the master area, and all the
physical pages comprising the append area are in an erased state. The first physical
page #1 through the last physical page #a of the master area correspond to the logical
pages #1 through #a. Therefore, for example, the data (the latest data) written in the
physical page #1 prior to the merge operation is once again written to physical page #1.
This is because the data of the logical page #1 has not been updated. The latest data of
the logical page #2 (the data written to the append area) is written to the physical page
#2.

Furthermore, the data write destination in the merge operation may be another empty
block (an erased physical block) instead of the same physical block #p. Specifically,
for example, the respective latest data corresponding to the respective logical pages
inside the physical block #p may be copied to an empty block, and thereafter, an erase

process may be carried out with respect to the physical block #p.
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[0045]
[0046]

[0047]
[0048]

[0049]

[0050]

[0051]

[0052]

Fig. 4 shows the configuration of the module control data 6.

The module control data 6 is data used in controlling access to the chip array 4. The
module control data 6 comprises a block mapping table 61 comprising information
denoting the corresponding relationship between the logical blocks and the physical
blocks, and a page mapping table 62 comprising information denoting the corre-
sponding relationship between the logical pages and the physical pages. These tables
61 and 62 will be explained in detail below. Furthermore, the information of the tables
61 and 62 may be managed in a form other than a table.

Fig. 5 shows the configuration of the module control function 7.

The module control function 7, for example, is a software (a computer program) that
is executed by the processor (a typical microprocessor) of the controller 2. The process
carried out by the module control function 7 below is actually performed by the
processor that executes this software. At least one part of the module control function 7
may be realized using a hardware circuit. The module control function 7 comprises the
host read service function 71, the host write service function 72, the page mapping
table reconstruct function 74, the power ON function 75, and the initialize function 76.
The functions 71 through 76 will be explained in detail below.

Fig. 6 shows an example of the corresponding relationship between the tables 61 and
62 inside the volatile memory 3 and the state of the physical block inside the chip array
4,

In this embodiment, the logical block number and the logical page number are
specified based on the logical address specified by the host 11, and access is carried
out to the physical page corresponding to the specified logical block number and
logical page number. Specifically, for example, in a case where an access from the host
11 to the flash memory module 1 is carried out using a LBA (Logical Block Address)
in SCSI, the quotient obtained by dividing the LBA by the capacity of the master area
inside the block is the logical block number, and the quotient obtained by dividing the
remainder by the page capacity is the logical page number.

The block mapping table 61 comprises information denoting the corresponding rela-
tionship between each logical block number 611 and each physical block number 612.
By referring to this table 61, it is possible to determine the physical block 51 in which
the access-destination area corresponding to the logical address specified by the host
11 exists.

The page mapping table 62, for example, exists in each logical block. The page
mapping table 62 comprises information denoting the corresponding relationship
between each logical page number 621 and each physical page number 622. By
referring to this table 62, it is possible to determine the physical page in which the

access-destination area corresponding to the logical address specified by the host 11
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exists.

[0053] The physical block 51 stores the logical block number 517 of the logical block to
which this physical block 51 is allocated. The physical page 52 (for example, this user
area) stores data (so-called user data) 523 that is written/read directly to/from the host
11. This physical page 52 (for example, this overhead area) also stores the logical page
number 528 corresponding to this physical page 52.

[0054] Specifically, for example, in the overhead area of each physical page 52 there is
stored metadata comprising the logical page number 528 corresponding to this physical
page 52. As used in this embodiment, "metadata" is not the data written/read directly
to/from the host 11, but rather refers to the data required for management purposes.
Metadata, for example, is the management information unit.

[0055] For example, in addition to the logical page number 528 corresponding to the first
physical page #i, the metadata stored in the overhead area of the first physical page #i
may also include the logical block number 517 of the logical block to which is
allocated the physical block 51 having this first physical page #i.

[0056] Fig. 7 shows an example of the configuration of the block mapping table 61.

[0057] This table 61 comprises information denoting the corresponding relationship (the
block corresponding relationship) between the logical block numbers 611 and the
physical block numbers 612. This table 61 is created when the power to the flash
memory module 1 is turned ON, and is referred to at the time of a write/read to/from
the host 11. This table 61 is updated in a case where the block corresponding rela-
tionship has changed. The block corresponding relationship, for example, changes in a
case where wear-leveling for suppressing the bias of the number of erasures is carried
out. The block corresponding relationship may also change in a case where a merge
operation is performed for any physical block 51, and in a case where the page
mapping table 62 has been reconstructed.

[0058] For each logical block number 611, the block mapping table 61 comprises a corre-
sponding physical block number 612, and a page mapping table flag 613 showing
whether or not a page mapping table 62 is available. In a case where a valid page
mapping table 62 is available for a logical block, the value of the flag 613 corre-
sponding to this logical block number 611 is "Y", and in a case where a valid page
mapping table 62 is not available for a logical block, the value of the flag 613 is "N".
Furthermore, the value of the flag 613, for example, is changed from "Y" to "N" in a
case where the physical block allocated to the corresponding logical block has changed
to a different physical block (that is, in a case where the merge operation has been
carried out). For this reason, in a case where this logical block is to be accessed for the
first time since this different physical block has been allocated to the corresponding

logical block, the page mapping table 62 for this logical block is reconstructed.
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[0059] Fig. 8 shows an example of the configuration of the page mapping table 62.

[0060] This table 62 comprises information denoting the corresponding relationship (page
corresponding relationship) between the logical page numbers 621 and the physical
page numbers 622. The above-mentioned block mapping table 61 is created when the
power to the flash memory module 1 is turned ON, but this table 62 is not created
when the power to the flash memory module 1 is turned ON, but rather is created in a
case where a logical block specified based on a logical address is the access destination
for the first time subsequent to the power to the flash memory module 1 having been
turned ON. The table 62 is referred to at the time of a data write/read to/from the host
11, and is updated at the time of a merge operation or a data write from the host 11.
The table 62 comprises a corresponding physical page number 612 for each logical
page number 611. The table 62 also comprises the number (last appended physical
page number) 623 of the physical page to which data was last appended of the plurality
of physical pages comprising the append area.

[0061] Fig. 9 shows an example of a scheme for storing data in the physical block 51.

[0062] As described above, the plurality of physical pages 52 included in the physical block
51 are physical pages 52 belonging to the master area and physical pages 52 belonging
to the append area. Each physical page 52 comprises an area (overhead area) in which
metadata 521 is stored, and a user area, and the user area comprises a plurality of data
areas (for example, sectors) 523 in which are stored a plurality of data 523.

[0063] A set of metadata inside the master area, that is, a set of metadata 521 of the physical
page 52 belonging to the master area will be called "block metadata" 515 below. By
contrast, the individual pieces of metadata 521 inside the append area, that is, the
metadata 521 of the physical page 52 belonging to the append area will be called the
"page metadata" 526. Incidentally, in a case where the total capacity of the metadata
areas inside the master area is greater than the capacity of the block metadata 515 to be
stored, at least one physical page 52 inside the master area may not be used to store the
block metadata 515.

[0064] Fig. 10 shows a detailed example of the configuration of the physical page 52.

[0065] The physical page 52 comprises a metadata area in which the metadata 521 is stored,
an ECC (Error Correcting Code) area in which the ECC 522 of this metadata 521 is
stored, a plurality of data areas in which the plurality of data 523 are respectively
stored, and an ECC area in which the ECC 524 of these respective data are stored.

[0066] As shown in Fig. 9, the metadata area stores a portion of the block metadata 515 in a
case where the physical page 52 comprising this area belongs to the master area, and
stores the page metadata 526 in a case where this physical page 52 belongs to the
append area.

[0067] By providing the ECC 522 for the metadata 521 (specifically, the portion of the
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block metadata 515 and the page metadata 526), it is possible to determine the validity
(that is, whether or not an error has occurred) of the metadata 521 even in a case where
only the metadata 521 has been read in.

[0068] Fig. 11 shows an example of the configuration of the block metadata 515.

[0069] The block metadata 515 comprises the number 517 of the logical block corre-
sponding to the physical block 51.

[0070] Fig. 12 shows an example of the configuration of the page metadata 526.

[0071] The page metadata 526 comprises the number 528 of the logical page corresponding
to the physical page 52 inside the append area. Since the number of the logical page
corresponding to the physical page 52 inside the master area is uniquely stipulated, the
corresponding logical page 528 need not be stored in the metadata area inside the
master area.

[0072] Fig. 13 shows an example of the flow of processing carried out by the host read
service function 71.

[0073] This function 71 is called when the controller 2 has received a read request from the
host 11, specifies a location on the chip array 4 in which the specified data is stored,
and transfers the data to the host 11. The details of this process will be explained on a
step-by-step basis below.

[0074] Upon receiving a read request from the host 11, the function 71 determines the
logical block number and the logical page number (S711). Specifically, for example, in
a case where the logical address specified from the host 11 is an LBA or other linear
address, the function 71 is able to let the quotient obtained by dividing the logical
address by the logical block capacity be the logical block number, and is able to let the
quotient obtained by dividing the remainder by the logical page capacity be the logical
page number. The logical block number and the logical page number specified in S711
will be called the "read-source logical block number" and the "read-source logical page
number"” below.

[0075] Next, the function 71 refers to the block mapping table 61 on the volatile memory 3,
and determines the physical block number (the read-source physical block number)
612 corresponding to the read-source logical block number 611 (S712).

[0076]  Next, the function 71 checks whether or not a valid page mapping table 62 corre-
sponding to the read-source logical block is available on the volatile memory 3 (S713).
Specifically, for example, the function 71 refers to the block mapping table 61, and
checks whether or not the flag 613 corresponding to the read-source logical block
number is "Y". In a case where a valid page mapping table 62 is not available (S713:
NO), the function 71 calls the reconstruct function 74. In accordance with this, a valid
page mapping table 62 corresponding to the read-source logical block is constructed.

Then, the function 71 proceeds to S715. Furthermore, in a case where a valid page
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[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

mapping table 62 is available in S713 (S713: YES), the function 71 proceeds to S715.

The function 71 refers to the page mapping table 62 corresponding to the read-source
logical block, and determines the physical page number (the read-source physical page
number) 622 corresponding to the read-source logical page number 621 (S715). In ac-
cordance with the above, the read-source physical block and the read-source physical
page of the data requested by the host 11 are identified.

Next, the function 71 reads the data from the identified read-source physical page
inside the identified read-source physical block (S716), and responds to the host 11
with the read data (S717).

In accordance with the above processing, in a case where a read request has been
received from the host 11, first, the read-source physical block 51, which is the general
storage location, is specified as an access destination, and thereafter, a page mapping
table 62 denoting the corresponding relationship between the logical pages and the
physical pages is constructed as necessary, and the read-source physical page 52 is
specified. For this reason, the information denoting the detailed logical/physical corre-
sponding relationship, that is, the table 62 denoting the corresponding relationship
between the logical pages and the physical pages does not need to be created in
advance. The block mapping table 61 and the page mapping table 62 are stored on
volatile memory 3. The time required to access these tables is shorter than the time
required to access the flash memory, thereby making it possible to hold read per-
formance degradation in check.

Fig. 14 shows an example of the flow of processing carried out by the host write
service function 72.

This function 72 is called when a write request has been received from the host 11,
and stores the requested data in a suitable location. The details of this process will be
explained on a step-by-step basis below.

Upon receiving a write request from the host 11, the function 72 determines the
logical block number (the write-destination logical block number) and the logical page
number (the write-destination logical page number) based on the logical address
specified in the write request (S721).

Next, the function 72 refers to the block mapping table 61, and determines the
physical block number (the write-destination physical block number) corresponding to
the write-destination logical block number (S722).

Then, the function 72 refers to the flag 613 corresponding to the write-destination
logical block number, and checks whether or not a valid page mapping table 62 corre-
sponding to this logical block number is available (S723). In a case where this table 62
is not available (S723: NO), the function 72 calls the reconstruct function 74. In ac-

cordance with this, a page mapping table 62 corresponding to the write-destination
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[0085]

[0086]

[0087]

[0088]

logical block is created. Then, the function 72 proceeds to S725.

The function 72 checks whether or not there are enough erased pages (empty
physical pages) in the write-destination physical block (S725). Specifically, for
example, the function 72 refers to the last appended physical page number 623 of the
page mapping table 62 corresponding to the write-destination logical page. Then, the
function 72 checks the number of empty physical pages inside the write-destination
physical block by comparing this page number 623 against the maximum value of the
physical page number (the number of the last physical page). The function 72 de-
termines whether or not the amount of data (write data) that accords with the write
request from the host 11 exceeds a capacity equivalent to the specified number of
empty physical pages.

In a case where the result of the determination of S725 is affirmative, that is, in a
case where there are enough erased pages (S725: YES), the function 72 writes the
write data received from the host 11 to the page metadata 526 and to the erased pages
(S726). The logical page number determined in S721 is included in the page metadata
526. The function 72, either in S732 or between 74 and S725, determines whether or
not the data is stored in the physical page of the same number as the write-destination
logical page number (that is, the corresponding physical page inside the master area),
and in a case where the data is determined to be stored in this physical page, the
function 72 may carry out the determination of S725. In a case where the data is de-
termined not to be stored in this physical page, the function 72 is able to write the write
data received from the host 11 to the physical page of the same number as the write-
destination logical page number. In the case of a first write to the write-destination
physical block, the function 72 may write the write data and the block metadata 515 to
this physical block.

Subsequent to S726, the function 72 updates the page mapping table 62 corre-
sponding to the write-destination logical block (S727). Specifically, for example, the
function 72 updates the physical page number 622 of the entry (the entry inside the
table 62) comprising the write-destination logical page number to the number of the
write-destination physical page in S726, and, in addition, updates the last appended
physical page number 623 to the number of the last write-destination physical page in
S726. Then the function 72 proceeds to S734.

By contrast, in a case where there are not enough erased pages in S725 (S725: NO),
the merge operation is performed. That is, the function 72 reads in the data (the latest
data of the one or more pieces of data corresponding to the logical page) that exists in
the write-destination physical block (hereinafter, the old physical block), merges this
data with the write data received from the host 11, and creates a set of data to be

written to the master area (S728). Next, the function 72 selects one unused physical
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[0089]

[0090]

block (empty physical block) (S729). In this case, the function 72 may adopt a method
of selecting a physical block which is not subjected to erasure so often in order to
suppress the bias of the number of erasures among the physical blocks on the chip
array 4. Then, the function 72 writes the data created in S728 to the selected physical
block as well as to the block metadata 515 (S730). This block metadata 515 comprises
the number of the logical block (write-destination logical block number) to which the
old physical block is allocated. Then, the function 72 updates the page mapping table
62 corresponding to the write-destination logical block (S731). Specifically, for
example, the function 72 performs updating such that the physical pages 622 corre-
sponding to all the logical pages 621 point to the master area, and, in addition, updates
the last appended physical page number 623 to the number of the first physical page of
the append area. Next, the function 72 updates the block mapping table 61 (S732).
Specifically, for example, the function 72 performs updating such that the physical
block number 612 corresponding to the write-destination logical block number 611
points to the number of the new physical block written to in S730 (the physical block
selected in S729). Next, the function 72 erases the data of the old physical block 51
(8733). Then, the function 72 proceeds to S734.

Lastly, the function 72 responds to the host 11 to the effect that the write has been
completed (S734).

According to the above processing, in a case where a write request has been received
from the host 11, the controller 2 is able to specify the write-destination physical block
51, which is the general storage location. Then, as necessary, the controller 2 is able to
create a mapping table 62 denoting the corresponding relationship between the logical
pages and the physical pages, and is able to store the data in a suitable location. In both
a case where the corresponding relationship between the logical blocks and the
physical blocks changes, and a case where the corresponding relationship between the
logical pages and the physical pages changes, the controller 2, in addition to writing
the write data to the flash memory, is also able to write as metadata information
showing which is the write-destination logical block and which is the write-destination
logical page. It is therefore possible to write the information for logical/physical
conversion to the flash memory without generating excessive accesses. For this reason,
it is possible to restore the block mapping table 61 and the page mapping table 62 from
the metadata (the block metadata and the page metadata) written in the flash memory
even when the volatile memory 3 has been erased due to a loss of power, and the block
mapping table 61 and the page mapping table 62 have been erased. For example,
restoration may be carried out only for the block mapping table 61, and thereafter, the
page mapping table 62 may be restored as needed in accordance with a write access

and a read access.
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[0091]  Fig. 15 shows an example of the flow of processing carried out in accordance with
page mapping table reconstruct function 74.

[0092] This function 74 is called in a case where a page mapping table 62 corresponding to
the logical block is not available on the volatile memory 3, and creates a page mapping
table 62 based on the page metadata 526 on the flash memory. The details of the
process will be explained on a step-by-step basis below.

[0093] Upon being called, the function 74 first performs initialization such that the logical
page points to the physical page 52 of the master area in a page mapping table 62 cor-
responding to the called logical block (either the read-source logical block or the write-
destination logical block) (S741). Specifically, for example, the function 74 performs
the same processing for subsequent logical pages so that the first logical page points to
the first physical page, and the second logical page points to the second physical page.

[0094] Next, the function 74 first reads in the page metadata 526 for all the physical pages
52 inside the append area (S742), and acquires the logical page number 528 inside this
metadata 526 (S743). The function 74 also confirms that the read-in page metadata 526
is correct (confirms the presence or absence of an error in the metadata 526) by
checking the ECC for the read-in page metadata 526 (S744). In a case where this
metadata 526 is not correct, the ECC is used to correct this metadata 526. In a case
where the data read-source physical page was the page that got erased, the function 74
proceeds to S747 since the page metadata has already been read from all the physical
pages inside the append area. In a case where the data read-source physical page was
not the page that got erased, appended data exists in this physical page, and the
function 74 writes the number of this read-source physical page as the physical page
number 622 corresponding to the logical page number specified in S743 for the entry
(the entry inside the page mapping table 62) comprising the logical page number
specified in S743 (S746). The function 74 repeats the above processing for the other
physical pages 52 of the append area (S742), and proceeds to S747 when this
processing is finished.

[0095] Lastly, upon finishing the updating of the physical page number 622 of the page
mapping table 62, the function 74 updates the last appended physical page number 623
to the number of the last physical page to which the latest data has been written (S747).

[0096] According to the above steps, in a case where there is appended data, the physical
page in which the latest data has been appended is associated with each logical page
inside a certain specified logical block, and in a case where there is no appended data,
the physical page of the master area is associated with each logical page inside the
certain specified logical block. As result of this, it is possible to reconstruct (create) a
page logical/physical corresponding relationship for one block. Since only the page

metadata 526 of the append area may be read in this process, it is possible to minimize
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the restoration overhead.

[0097] Furthermore, as has already been explained, the function 74 is called by the host read
service function 71 and the host write service function 72 in the case of an access to a
logical block for which a page mapping table 62 has not been created. However, when
the controller 2 has excess throughput, the processing shown in Fig. 15 may be
executed at a suitable time even without a request.

[0098] Fig. 16 shows an example of the flow of processing carried out by the power ON
function 75.

[0099] This function 75 is called when the power to the flash memory module 1 is turned
ON, and creates the block mapping table 61 on the basis of the metadata on the flash
memory. The details of this process will be explained on a step-by-step basis below.

[0100] ‘When the power is turned ON, first, the function 75 carries out the processing of
S752 through S754 for all of the physical blocks 51. That is, the function 75 reads out
the block metadata 515 from each physical block 51, and extracts the logical block
number 517 from this metadata 515 (S752). Next, the function 75 checks to make sure
this metadata 515 is correct by checking the ECC for the read-in block metadata 515
(8753). Then, in the block mapping table 61, the function 75 writes the read-source
physical block number 612 of the metadata 515 into the entry corresponding to the
logical block number 611 read in S752 (S754). The function 75 repeats the above
processing for the other physical blocks 51 (S751), and proceeds to S755 when the
processing is finished.

[0101] Next, the function 75 sets the page mapping table flags 613 of all the entries in the
block mapping table 61 to "N", that is, to the value denoting unavailable (S755)

[0102] Lastly, the function 75 conveys to the host 11 the fact that the flash memory module
1 is ready to receive 1/O (S756).

[0103] According to the above steps, the physical blocks corresponding to all the logical
blocks inside the flash memory module 1 are identified. As a result, the block logical/
physical corresponding relationship may be restored on the basis of information stored
in the flash memory. Furthermore, in this process, since it is all right to read only the
block metadata 515 stored in the master area, there is no need to read out the data
received from the host 11 and the page metadata 526. It is therefore possible to
minimize restoration overhead. As a result of this, it is possible to reduce the time
required for boot up, thereby making it possible to convey to the host 11 in a short
period of time that fact that I/O are ready to be received.

[0104] Fig. 17 shows an example of the flow of processing carried out by the initialize
function 76.

[0105] This function 76 is used when the flash memory module 1 is used for the first time,

and when erasing already stored data to return to the unused state once again. The
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[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

details of this process will be explained on a step-by-step basis below.

Upon being called, the function 76 first carries out an erase process for all the
physical blocks 51 (S761).

The function 76 selects an unused physical block (an empty physical block) 51 for a
single logical block from among the unprocessed logical blocks (S763).

Next, the function 76 creates the block metadata 515 and the ECC thereof (S764).
The number of the above-mentioned single logical block being used in this process is
stored in the block metadata 515.

Next, the function 76 stores the created block metadata 515 and data in the physical
pages 52 of the master area (S765). The "data" referred to here may be a fixed value
such as that utilized in an HDD format or the like.

Finally, the function 76 updates the physical block number 612 to the number of the
physical block 51 selected in S763 for the block mapping table 61 entry corresponding
to the logical block for which this process was carried out (S766).

The function 76 repeats the above-mentioned S763 through S766 for all the logical
blocks (S762).

According to the above-mentioned process, corresponding physical blocks 51 are
allocated to all the logical blocks, and the block metadata 515 comprising the numbers
of the logical blocks corresponding to these physical blocks 51 are stored in the
allocated physical blocks 51. As a result, it becomes possible to suitably process an
access from the host 11 thereafter. It also becomes possible to properly restore the
logical/physical conversion information from the flash memory 4 when the power is
turned ON.

Fig. 18 shows an example of the exchange between the controller 2 and the chip
array 4 in S726 of the host write service function 72.

The controller 2 sends the write command together with the data to be written to the
physical page 52. The data to be written comprises the page metadata 526 and the ECC
522 thereof, and the data 523 sent from the host and the ECC 524 thereof.

Since the entire metadata write is carried out concomitantly with the write of the data
sent from the host here, the metadata write does not substantially affect the write per-
formance or number of writes-based service life of the flash memory.

Fig. 19 shows an example of the exchanges between the controller 2 and the chip
array 4 in S728 through S730 of the host write service function.

In this drawing, the physical block a is the old physical block, and the physical block
b is the physical block that is to be used anew.

First, the latest data is read out from the physical page 6 in which the latest data
inside the physical block a is stored. This corresponds to the operation carried out in
S728.
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[0119] Then, a write command for the physical page 52 inside the physical block b (the
physical page 52 inside the master area) is sent together with the data to be written to
this physical page 52. The data comprises a portion of the block metadata 515 and the
ECC 522 thereof, and the data 523 sent from the host 11 and the ECC 524 thereof.
This corresponds to S730.

[0120] Since the entire metadata write is carried out concomitantly with the write of the data
sent from the host 11 here, the metadata write does not substantially affect the write
performance or number of writes-based service life of the flash memory.

[0121] Fig. 20 shows an example of the exchanges between the controller 2 and the chip
array 4 in S743 for the page mapping table reconstruct function 74 and S752 for the
power ON function 75.

[0122] When the power is turned ON, first the block metadata 515 is read out from the
physical block 51. Specifically, the metadata 521 and the ECC 522 thereof are read out
from the physical pages 52 of the master area. This process is repeated for all of the
physical blocks 52. The preceding corresponds to S752 of the power ON function 75.
Then, when the read and construction are finished, the host 11 is notified to the effect
that the flash memory module 1 is ready to receive I/O.

[0123] Thereafter, upon receiving an access request (I/O request) from the host 11, the page
metadata 526 is read out from the specified physical block 51 on the basis of the
logical address specified in this access request. Specifically, the metadata 521 and the
ECC 522 thereof are read out from the physical page 52 inside the append area. This
process is repeated for the physical pages 52 inside the append area. The preceding
corresponds to S743 of the page mapping table reconstruct function 74.

[0124] Only the block metadata 515, that is, only the metadata 521 inside the master area is
read out here when the power is turned ON; the page metadata 526 is not read out. For
this reason, the time required for boot up is reduced, thereby making it possible to
notify the host 11 to the effect that the flash memory module 1 is ready to receive I/O
in a short period of time.

[0125] Also, in a case where an access request is received from the host 11, and a page
mapping table 62 corresponding to the logical block specified on the basis of the
logical address specified in this access request is not available, only the page metadata
526 is read out and the table 62 is created. For this reason, it is possible to restore the
information for the logical/physical conversion using a minimal read.

[0126] According to the embodiment described above, it is possible to reduce the affects on
the write performance of the flash memory during normal operation while cutting
down on the time required for boot up.

[0127] One embodiment of the present invention has been explained above, but it goes

without saying that the present invention is not limited to this embodiment, and that
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various changes are possible without departing from the gist thereof.

[0128] Furthermore, the page mapping table 62 may be prepared for each plurality of logical
blocks instead of for each logical block. For example, when the controller 2 receives an
access command, a page mapping table 62 corresponding to the access-destination
logical block, which is specified on the basis of the logical address specified in this
access command, and the next logical block may be created.

[0129] Also, a single master area and a single append area may be configured using two or
more physical blocks. For example, a first physical block may be the master area, and a
second physical block may be the append area.

[0130] The block mapping table 61 is constructed on the volatile memory 3, and a plurality
of methods are conceivable as this construction method.

[0131] A first method stores a physical block number 612 in the volatile memory 3, and
computes an address value on the volatile memory 3 in order to determine the physical
block number 612 at access. This address value is determined from the logical block
number 611 by adding a value obtained by multiplying the logical block number 611
by the number of bytes of configuration information in one entry of the block mapping
table 61 to the start address value on the volatile memory 3 of the block mapping table
61. This address value is uniquely computed. In a case where either a read or write
request is received from the host, it is possible to use this address value, access the
volatile memory 3, and obtain the information of the physical block number 612 and
the flag 613. This method is characterized in that it is possible to shorten the reference
time.

[0132] A second method stores the information of the logical block number 611, the
physical block number 612 and the flag 613 in the volatile memory 3 of the block
mapping table 61 of the first method. This second method has the effect of enhancing
reliability by making it possible to check that the address value computed from the
logical block number 611 in the first method is correct by comparing this address value
to the logical block number 611 stored in the volatile memory 3, and making it
possible to detect a controller 2 logical error and a volatile memory 3 software error.

[0133] A third method stores the information of the logical block number 611, the physical
block number 612 and the flag 613 in the volatile memory 3, and constructs a block
mapping table 61 equivalent to the number of logical blocks being used. In a case
where a logical block number 612 is not stored in a physical block, it is determined
that the logical block is not being used. In this method, the effect is that the block
mapping table 61 may be constructed on the capacity of the logical blocks being used,
thereby making it possible to reduce the capacity of the block mapping table 61.

[0134] Also, as for S712 of Fig.13,there are a plurality of methods for determining the

physical block number 612 in accordance with the method for constructing the block
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mapping table 61. For example, there is a method for determining an address in the
block mapping table 61 and finding the physical block number 612 that is stored there
by carrying out a computation based on the read-source logical block number 611. In
addition, there is also a method for storing the value of the read-source logical block
number 611 in the block mapping table 61 as well, and checking to make sure that the
computation is correct. Further, there is a method for storing a pair of the values of the
read-source logical block number 611 and the physical block number 612 in the block
mapping table 61, and using the read-source logical block number 611 to search inside
the block mapping table 61 to find the corresponding physical block number 612.

[0135] Also, as for S722 of Fig.14, there are a plurality of methods for determining the
physical block number 612 in accordance with the method for constructing the block
mapping table 61. There is a method for determining the address in the block mapping
table 61 and finding the physical block number that is stored there by carrying out a
computation based on the write-destination logical block number, there is also a
method for storing the value of the write-destination logical block number in the block
mapping table 61 as well, and checking to make sure that the computation is correct,
and furthermore, there is a method for storing a pair of the values of the write-
destination logical block number and the physical block number in the block mapping
table 61, and using the write-destination logical block number to search inside the
block mapping table 61 to find the corresponding physical block number.

[0136] ‘When constructing the block mapping table 61 in S754 of Fig.16, there are a plurality
of methods for writing data into the block mapping table 61 in accordance with the
method for constructing the block mapping table 61.

[0137] A first method determines an address in the block mapping table 61 by carrying out a
computation based on a logical block number 517 selected from the metadata 515 and
stores the physical block number 611 at this address.

[0138] A second method, in addition to the processing in the first method, also stores the
logical block number 517 in the block mapping table 61 for checking the computed
address.

[0139] A third method stores a pair comprising the logical block number 517 and the
physical block number 611 in the order of the physical blocks 51 from which the block
metadata 515 has been read out. In a case where a logical block number 517 is not
stored in the physical block 51, that is, a case in which the physical block 51 is not
being used, neither the logical block number 517 nor the physical block number 611 is
stored in the block mapping table 61.

Reference Signs List

[0140] 1 Flash memory module
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Claims

[Claim 1] A flash memory module, comprising:
a flash memory; and
a controller receiving an access command from a host, and, based on
logical/physical conversion information denoting a corresponding rela-
tionship between a logical address and a physical address of the flash
memory, accessing an area in accordance with a physical address corre-
sponding to a logical address specified in the received access
command,
wherein the logical/physical conversion information comprises first
conversion information and second conversion information, and
wherein the controller restores the first conversion information at boot
up time, enables an access command to be received after the first
conversion information has been restored, and restores the second
conversion information after an access command is able to be received.
[Claim 2] A flash memory module according to claim 1,
wherein the flash memory is a flash memory in which an access is
carried out in page units and an erase is carried out in block units,
wherein the flash memory comprises a plurality of physical blocks,
wherein each physical block comprises a plurality of physical pages,
wherein the first conversion information is block mapping information
denoting a corresponding relationship between logical blocks and
physical blocks,
wherein the second conversion information is page mapping in-
formation denoting a corresponding relationship between logical pages
and physical pages,
wherein the page mapping information is information restored for each
of one or more physical blocks,
in a case where user data is to be written for the first time to an empty
physical block, which is a physical block in an erased state, wherein the
controller writes a block metadata, which is data comprising an ID of
the logical block to which this empty physical block is allocated, to this
empty physical block in addition to the user data,
in a case where a certain user data inside the physical block is to be
updated, wherein the controller writes, in addition to a post-update user
data, a page metadata, which is data comprising an ID of a write-

destination logical page of the post-update user data, to a physical page
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other than the physical page in which the certain user data is stored,
wherein the controller restores the block mapping information at the
boot up time by reading in the block metadata from each physical block
of the flash memory, and

wherein the controller:

(W) in a case where a write command is received from the host after an
access command is able to be received;

(wl) specifies a write-destination logical block and a write-destination
logical page based on a logical address specified in the received write
command;

(w2) specifies a physical block corresponding to the write-destination
logical block based on the block mapping information;

(w3) determines whether or not valid page mapping information corre-
sponding to the write-destination logical block is available;

(w4) in a case where the result of the determination of the (w3) is
negative, creates the page mapping information corresponding to the
write-destination logical block by reading in the page metadata from
the physical page inside the physical block corresponding to the write-
destination logical block;

(w5) stores a target user data of the received write command and the
page metadata comprising an ID of the write-destination logical page
either in the physical page inside the physical block corresponding to
the write-destination logical block, or the physical page inside another
physical block associated with the write-destination logical block, and
updates the page mapping information corresponding to the write-
destination logical block, and

(R) in a case where a read command is received from the host after an
access command is able to be received;

(rl) specifies a read-source logical block and a read-source logical page
based on a logical address specified in the received read command;

(r2) specifies a physical block corresponding to the read-source logical
block based on the block mapping information;

(r3) determines whether or not a valid page mapping table corre-
sponding to the read-source logical block is available;

(r4) in a case where the result of the determination of the (13) is
negative, creates the page mapping information corresponding to the
read-source logical block by reading in the page metadata from the

physical page inside the physical block corresponding to the read-
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source logical block; and

(r5) specifies the physical page corresponding to the write-destination
logical page based on the page mapping information corresponding to
the write-destination logical block, and reads out the user data from the
specified physical page.

[Claim 3] A flash memory module according to claim 2,
wherein when storing the block metadata, the controller stores a part of
the block metadata that is stored in the physical page together with an
ECC (Error Correcting Code),
wherein when storing the page metadata, the controller also stores the
ECC in addition to the page metadata,
wherein when reading in the block metadata, the controller determines
the presence or absence of an error in each part by using the ECC read
in together with the each part of the block metadata, and
wherein when reading in the page metadata, the controller determines
the presence or absence of an error in this page metadata by using the
ECC read in together with this page metadata.

[Claim 4] A flash memory module according to claim 2,
wherein a master area and an append area are configured from in or
more physical blocks, and
wherein the block metadata is stored in the master area, and the page
metadata is stored in the append area.

[Claim 5] A flash memory module according to claim 4, wherein the controller,
for each logical page, writes a user data, which is not the post-update
user data, to the physical page belonging to the master area, and writes
the post-update user data and the page metadata comprising an ID of
the write-destination logical page of this post-update user data to the
physical page belonging to the append area.

[Claim 6] A flash memory module according to claim 1,
wherein the flash memory is a flash memory in which an access is
carried out in area units and an erase is carried out in area group units
comprising a plurality of areas,
wherein the first conversion information is information denoting a cor-
responding relationship between logical areas and physical areas, and
wherein the second conversion information is information denoting a
corresponding relationship between logical area groups and physical
area groups.

[Claim 7] A flash memory module according to claim 6, wherein the second
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conversion information is information restored for each of one or more
area groups.

[Claim 8] A flash memory module according to claim 7,
wherein the area group is a block, and
wherein the controller receives an access command from the host, and
in a case where the valid second conversion information is not available
for the block specified based on the logical address specified in this
access command, restores the second conversion information for one or
more blocks comprising this block.

[Claim 9] A flash memory module according to claim 8,
wherein a master area and an append area are configured in one or
more physical blocks, and
wherein the controller:
(X) when writing the user data to the append area, also writes in-
formation required to restore the second conversion information to the
append area; and
(Y) when writing the user data to the master area, also writes in-
formation required to restore the first conversion information to the
master area.

[Claim 10] A flash memory module according to claim 7,
wherein the controller stores, in respective one or more physical area
groups, first management information comprising information denoting
one or more logical area groups to which the one or more physical area
groups are allocated,
wherein the controller stores, in a physical area in the physical area
group, second management information comprising information
denoting a logical area allocated to this physical area,
wherein the controller restores the first conversion information by
reading in the first management information from the respective one or
more physical area groups, and
wherein the controller restores, for one or more logical area groups, the
second conversion information corresponding to the one or more
logical area groups by reading in the second management information
from each physical area in which the second management information
is stored.

[Claim 11] A flash memory module according to claim 10,
wherein when storing the first management information, the controller

stores a part of the first management information that is stored in the
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physical area together with an ECC (Error Correcting Code),

wherein when storing the second management information, the
controller also stores the ECC in addition to the second management in-
formation,

wherein when reading in the first management information, the
controller determines the presence or absence of an error in each part
by using the ECC read in together with the each part of the first
management information, and

wherein when reading in the second management information, the
controller determines the presence or absence of an error in this second
management information by using the ECC read in together with this
second management information.

[Claim 12] A flash memory module according to claim 1, wherein the controller
restores the second conversion information in a case where the
controller receives an access command from the host.

[Claim 13] A flash memory module according to claim 1, wherein the flash
memory is configured from one or more physical blocks, the controller
is connected to a memory, and the controller reads out a logical address
from the physical block at boot up time, and stores the logical address
and a physical address that corresponds to this logical address in the
memory as the first conversion information.

[Claim 14] A flash memory module according to claim 13, wherein the controller
reads out the logical address from the physical block at boot up time,
and calculates a first address value corresponding to the logical address
storage location from the logical address and a start address value of
the memory,
the controller calculates a second address value from the start address
value and the logical block address stored in the memory, and
the controller confirms that the first address value and the second
address value match.

[Claim 15] A control method of a flash memory module receiving an access
command from a host, and, based on logical/physical conversion in-
formation denoting a corresponding relationship between a logical
address and a physical address of a flash memory, accessing an area in
accordance with a physical address corresponding to a logical address
specified in the received access command, the method comprising the
steps of:

restoring first conversion information of the logical/physical conversion
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information at boot up;

notifying the host that an access command is able to be received after
having restored the first conversion information; and

restoring second conversion information of the logical/physical
conversion information after having notified the host that an access

command is able to be received.
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DATA CACHING IN NON-VOLATILE MEMORY

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of the priority of U.S. Provisional Application
Serial No. 61/248,845, filed October 5, 2009 and entitled “Flash Based Cache with a Cache
Aware Flash Translation Layer.” The content of the above application is incorporated by

reference in its entirety.

BACKGROUND
[0002] The present disclosure describes systems and techniques relating to data caching,.
[0003] A host system can communicate with a storage system to read and write data. A

host system can include a computer system, such as a personal computer, a consumer
electronics device, or a server system. A storage system can include one or more data storage
devices such as a hard disk drive (HDD) or a solid state drive (SSD) communicating with the
host system. In some implementations, a host system includes the storage system, and in
other implementations, the storage system is external to the host system. A storage system

can perform data caching to decrease average access latency times.

SUMMARY
[0004] The present disclosure includes systems and techniques relating to data caching.
According to an aspect of the described systems and techniques, a system includes a host
system, a data storage device, a non-volatile memory structure that is configured to cache
data with respect to the data storage device, and a controller configured to operate devices
such as the data storage device. The controller can receive a logical address from the host
system, allocate a physical page in the non-volatile memory structure, store a mapping from

the logical address to a physical address of the physical page, receive data associated with the
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logical address, and write, based on the physical address, the data associated with the logical
address to the non-volatile memory structure to cache the data associated with the logical
address. The mapping can indicate a cached status of the data associated with the logical
address.

[0005] In some implementations, a controller is configured to receive the data associated
with the logical address from one of the host system or the data storage device. In some
implementations, a controller is configured to invalidate the mapping based on the data
associated with the logical address being written to a different physical page. A controller can
perform an erasure of a physical page associated with an invalidated mapping to make the
physical page available for re-allocation. In some implementations, a controller is configured
to invalidate an allocated physical page based a logical address indicated by an invalidate
command sequence. In some implementations, a logical address includes an identifier of a
data storage device and a logical page number. A system can include two or more data
storage devices. The non-volatile memory structure can be configured to cache data with
respect to the two or more data storage devices. A mapping can include a data storage device
identifier that identifies at least one of the two or more data storage devices. In some
implementations, the controller includes a storage controller and a cache controller, and the
cache controller is communicatively coupled with the non-volatile memory structure. A non-
volatile memory structure can include one or more flash memory structures. A data storage
device can include one or more hard disk drives. A system can include caching devices that
include non-volatile memory structures. In some implementations, the controller is
configured to select a caching device based on the logical address.

[0006] According to another aspect of the described systems and techniques, a method
includes receiving, from a host system, information that includes a logical address. The

method includes receiving data associated with the logical address from one of the host
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system or a data storage device. The method includes allocating a physical page in a non-
volatile memory structure. In some implementations, the non-volatile memory structure is
configured to cache data with respect to at least one data storage device. The method includes
storing a mapping from the logical address to a physical address of the physical page. The
method includes writing, based on the physical address, the data associated with the logical
address to the non-volatile memory structure to cache the data associated with the logical
address. The mapping can indicate a cached status of the data associated with the logical
address.

[0007] In some implementations, a method includes invalidating the mapping based
on the data associated with the logical address being written to a different physical page and
performing an erasure of the physical page associated with the invalidated mapping to make
the physical page available for re-allocation. Receiving data associated with the logical
address can include reading data from the data storage device based on the logical address. In
some implementations, a method includes invalidating an allocated physical page based a
logical address indicated by an invalidate command sequence.

[0008] The described systems and techniques can be implemented in electronic circuitry,
computer hardware, firmware, software, or in combinations of them, such as the structural
means disclosed in this specification and structural equivalents thereof. This can include at
least one computer-readable medium embodying a program operable to cause one or more
data processing apparatus to perform operations described. Thus, program implementations
can be realized from a disclosed method, system, or apparatus, and apparatus
implementations can be realized from a disclosed system, computer-readable medium, or
method. Similarly, method implementations can be realized from a disclosed system,
computer-readable medium, or apparatus, and system implementations can be realized from a

disclosed method, computer-readable medium, or apparatus.
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[0009] An apparatus can include a non-volatile memory structure, circuitry to receive a
command sequence that includes a logical address, circuitry to receive data associated with
the logical address, circuitry to allocate a physical page in the non-volatile memory structure,
circuitry to store a mapping from the logical address to a physical address associated with the
physical page, and circuitry to write, based on the physical address, the data associated with
the logical address to the non-volatile memory structure to cache the data associated with the
logical address. The mapping can indicate a cached status of the data associated with the
logical address. The logical address can include information that identifies a data storage
device and a logical page number.

[0010] In some implementations, an apparatus can include circuitry to receive a read
command sequence that includes a logical address, circuitry to identify a physical address
associated with the logical address of the read command sequence, and circuitry to read,
based on the identified physical address, data from the non-volatile memory structure to
provide cached data associated with the logical address of the read command sequence. An
apparatus can include circuitry to invalidate an allocated physical page based a logical
address indicated by an invalidate command sequence.

[0011] The described systems and techniques can result in a reduced latency storage
system. For example, using a mapping that relates a logical address to a physical address of a
page on a non-volatile memory can reduce a number of lookups required to read data from a
cache data store. In addition, rather than maintaining multiple separate lookup tables, a single
lookup table can be employed to more efficiently use memory in a cache data store. This
approach to data caching in a storage system can result in reduced latency.

[0012] Details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages may be apparent

from the description and drawings, and from the claims.
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DRAWING DESCRIPTIONS

[0013] FIG. 1 shows an example of a storage architecture.

[0014] FIG. 2 shows an example of a cache controller architecture.

[0015] FIG. 3 shows an example of a block and page layout of a non-volatile memory.
[0016] FIG. 4 shows an example of a cache based storage process.

[0017] FIG. 5 shows an example of a mapping table layout.

[0018] FIG. 6 shows an example of a cache aware flash translation layer process.
[0019] FIGS. 7A and 7B show examples of different cache processes.

[0020] FIG. 8 shows an example of a storage system with multiple flash memory
structures.

[0021] FIG. 9 shows an example of a storage process.

[0022] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0023] FIG. 1 shows an example of a storage architecture. A host 105 can access one or
more storage devices 110 via a controller 100. A controller 100 can include a storage
controller 120, a cache controller 125, and one or more memories such as a cache memory
130. In some implementations, a storage device 110 includes one or more storage elements
that are separately addressable by the controller 100.
[0024] A host 105 can send a command sequence such as a write command sequence or a
read command sequence to the storage controller 120. A command sequence can include a
logical address. In some implementations, a logical address includes a storage device target
identifier that is associated with a storage device 110. In some implementations, a command
sequence can include a command identifier, a logical address, and a length. In some

implementations, a host 105 communicates with a storage controller 120 via an interface such
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as a Peripheral Component Interconnect (PCI), Serial Advanced Technology Attachment
(SATA), Small Computer System Interface (SCSI), Serial Attached SCSI (SAS), Ethernet, or
Universal Serial Bus (USB).

[0025] A storage controller 120 can communicate with a cache controller 125 to cache
data received from a storage device 110, cache data received from the host 105, or both. The
cache controller 125 can communicate with a cache memory 130, which can include non-
volatile memory such as flash memory. In some implementations, the cache controller 125
includes a flash memory controller to control flash memory in the cache memory 130. For
example, a storage controller 120 can read data from a storage device 110 and store at least a
portion of the read data in a cache memory 130 controlled by a cache controller 125. In
another example, a storage controller 120 can receive data from a host 105 for writing to a
storage device 110. A storage controller 120 can store write data, received from the host 105,
in a cache memory 130 controlled by a cache controller 125. In some implementations, a
storage controller 120 stores host write data on a cache memory 130 and is not required to
immediately store the host write data on a storage device 110. In some implementations, a
storage controller 120 stores host write data on a cache memory 130 and on a storage device
110.

[0026] A host 105 can include one or more processors, memory, and input/output (I/O)
connections. In some implementations, a host 105 includes a storage controller 120. For
example, a system-on-a-chip (SOC) can include a general purpose processor and one or more
controllers (e.g., storage controller, cache controller, or a combination thereof) to access
external devices such as hard disk drives (HDDs) or solid-state drives (SSDs). A SSD can
include one or more non-volatile memory structures such as a non-volatile memory
integrated circuit, e.g., flash chip. A cache controller 125 can include one or more processors

and one or more non-volatile memory. In some implementations, a storage controller 120
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includes one or more cache controllers 125. In some implementations, a storage controller
120 is integrated with a cache controller 125 and one or more storage devices 110.

[0027] FIG. 2 shows an example of a cache controller architecture. A cache controller
205 can cache data for a storage controller. Caching data can increase performance, e.g.,
faster read times and faster write times. A cache controller 205 can communicate with one or
more non-volatile memory chips such as flash chips 210 to store or retrieve cache data. A
cache controller 205 can communicate with a controller memory 215, which stores cache
metadata such as address mappings for cached data in the flash chips 210. In some
implementations, a controller memory 215 is integrated into a memory region of a flash chip
210, e.g., a portion of memory in a flash chip is configured as a memory for the cache
controller 205.

[0028] The cache controller 205 can store information such as cache metadata on the
controller memory 215. For example, the cache controller 205 can store one or more
mappings in a mapping table 220 to facilitate caching operations. A mapping, stored on the
mapping table 220, identifies a relationship between a logical address (LA) and a physical
address (PA) corresponding to a physical page stored on at least one of the flash chips 210. A
logical address can include a logical page number (LPN) associated with a data location on a
storage device. In some implementations, a LPN can be referred to as a logical block address
(LBA). In some implementations, a LPN can include an offset and a length. A physical
address can include a block identifier and a page identifier.

[0029] In some implementations, a mapping table 220 can include logical addresses that
include a LPN and a storage device target identifier that is associated with a data storage
device. A storage device target identifier can differentiate identical LPNs. For example, two

data storages devices can store different data using identical LPNs. A controller can use a

Samsung Ex. 1002, Page 107 of 393



WO 2011/044154 PCT/US2010/051514

storage device target identifier to retrieve data associated with a LPN from a corresponding
storage device.

[0030] The cache controller 205 can receive a command sequence from a storage
controller to retrieve data from cache. The command sequence can identify a logical address.
If the cache controller 205 has a cache hit, e.g., the command sequence’s logical address is
found in the mapping table 220, then the cache controller 205 uses the corresponding
physical address to retrieve data from a flash chip 210 corresponding to the physical address.
The cache controller 205 can send the retrieved data to the storage controller.

[0031] If the cache controller 205 has a cache miss, e.g., a command’s logical address is
not found in the mapping table 220, then the cache controller 205 can report the miss to a
storage controller. In some implementations, the cache controller 205 can report the miss to a
program such as firmware. However, the cache controller 205 can allocate a physical page in
a flash chip 210 to store a mapping in the mapping table 220 that identifies a relationship
between the command’s logical address and a physical address of the allocated physical page.
After the storage controller services the cache miss, e.g., retrieves data corresponding to the
logical address from a storage device, the cache controller 205 can receive the data and store
the data in one or more of the flash chips 210 for a future read access.

[0032] In another example, the cache controller 205 receives a command to write data to
the cache. The command identifies a logical address. If the cache controller 205 has a cache
hit, the cache controller 205 uses a corresponding physical address to write data to a flash
chip 210 corresponding to the physical address. In some implementations, a new location is
required for a future write to the same physical page. Therefore, the cache controller 205 can
allocate a new physical page and update the mapping table 220 to reflect the new physical
page assignment for the logical address. In some implementations, the cache controller 205

can mark the old physical page invalid.
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[0033] FIG. 3 shows an example of a block and page layout of a non-volatile memory. A
non-volatile memory layout 300 includes one or more blocks 305. A block 305 includes one
or more pages 310. For example, a block can be 256 KB in size and a page can be 4 KB in
size, and accordingly, a block can include 64 pages. In another example, a block can be 512
KB in size and a page can be 4 KB in size, hence, a block can include 128 pages.

[0034] A storage controller can receive information, such as a command sequence from a
host system. A command sequence can include a logical address. For a write command, a
command sequence can include data. In some implementations, a logical address includes an
identifier of a data storage device and a logical page number. A storage controller can run a
cache based storage process. In some implementations, a storage controller operates a cache
controller to run at least a portion of a cache based storage process. For example, the storage
controller can send a command sequence to a cache controller based upon a command
sequence received from the host system.

[0035] FIG. 4 shows an example of a cache based storage process. In some
implementations, a cache based storage process includes operations for a storage controller
and operations for a cache controller that is in communication with the storage controller. In
some implementations, the process runs on a controller such as a storage controller or an
integrated storage and cache controller. At 405, a cache based storage process can receive a
command sequence that includes a logical address from a host system. In some cases, a
command sequence indicates that data are to be retrieved for the host system. In some cases,
a command sequence indicates a write operation and includes host write data.

[0036] At 410, the cache based storage process can access a mapping table to determine
if a mapping associated with the logical address exists. For example, the process can perform
a table lookup based on the logical address. In some implementations, the process uses a

hash table to determine whether a mapping associated with the logical address exists. In some
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implementations, a cache controller stores a table in a controller memory and uses the table to
perform a lookup based on a logical address.

[0037] At 415, if a mapping does not exist, then the process, at 420, can allocate a
physical page in a non-volatile memory structure. The process, at 425, can generate a
mapping to relate the logical address with a physical address of the physical page. In some
implementations, a physical address of a physical page is a starting address of the physical
page. At 430, the process can store the mapping in the mapping table. The mapping can be
indicative of a cached status of the data associated with the logical address. For example, the
existence of a valid mapping table entry can indicate the presence of cached data. At 435, the
process can write, based on the physical address, data to the non-volatile memory structure to
cache information associated with the logical address. For example, a process can receive a
command sequence that includes host write data. The process can cache host write data in the
non-volatile memory structure.

[0038] At 415, if the mapping does exist, then the process, at 440, can use the existing
mapping to handle a data operation with the non-volatile memory structure. Various
examples of data operations include a write operation and a read operation. In some
implementations, the process uses the existing mapping to read data from the non-volatile
memory structure. In some implementations, the process uses the existing mapping to write
data to the non-volatile memory structure. In some implementations, using the existing
mapping to write data can include invalidating the existing mapping and creating a new
mapping to write data to a different physical location in the non-volatile memory structure.
[0039] FIG. 5 shows an example of a mapping table layout. A mapping table 500 layout
is arranged to store one or more entries 505. A mapping table 500 is partitioned into logical
addresses 510 and respective physical addresses 515. For example, an entry 505 includes a

logical address 510 and a physical address 515. In some implementations, a logical address
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includes an identifier such as a target device identifier (e.g., TGT 1, TGT 2) that identifies a
target device. For example, a logical address can include a target device identifier and a LPN.
With respect to a read command sequence, a controller can read, using a LPN, a page from a
device corresponding to a target device identifier included in the sequence. The controller can
cache the page. Caching the page can include creating a mapping, in the mapping table 500,
that includes the target device identifier and the LPN. In some implementations, an entry 505
includes an active flag to indicate whether the entry 505 is in use. An entry 505 can include a
valid flag to indicate whether a physical page associated with a physical address 515 is valid
or invalid. For example, an entry 505 is marked as being in use and the valid flag is marked
as invalid. An entry 505 that is marked as being in use and the valid flag is marked as valid
can indicate a cache status of true.

[0040] A storage system can include one or more non-volatile memories configured to
cache information flowing to a storage device or coming from a storage device. Non-volatile
memories such as flash memory can be electronically erased and reprogrammed. In some
implementations, flash memory can include NAND logic.

[0041] In some implementations, flash memory operates based on erase blocks and
pages. For example, a unit of access is a page, whereas a unit of an erase operation is an
erase-block. Sizes of blocks and pages can vary with different flash devices. For example, in
relation to a flash device included in a large-block flash SSD, an erase block size is between
256KB to 512KB in size and a page is 4KB in size. However, other sizes are possible.

[0042] In some implementations, a flash block, which already contains data, cannot be re-
written unless the block is explicitly erased. An erase operation can be time expensive, e.g.,
can take several milliseconds. In some implementations, for large block NAND devices, the
pages within an erase block cannot be written randomly. For example, an erase block

includes 100 pages numbered from 1 to 100. In some implementations, if page 20 within the
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erase block is written, then pages 1-20 cannot be written to unless the entire block is erased.
However, pages after page 20 are write-able.

[0043] In some flash memory designs, a block can be erased only a finite number of
times before it becomes unusable due to one or more physical characteristics of flash
memory. A flash memory device can use wear-leveling algorithms to distribute a load on
multiple flash chips. A flash memory device can use wear-leveling algorithms to make sure
that usage of erase blocks within a flash memory is rotated such that no single flash erase
block gets burdened with too many write cycles.

[0044] An application may write and subsequently rewrite data to the same logical page.
The logical page can be mapped to a physical page stored in a flash memory. Rewriting a
page to the same location can require a flash device to read the entire erase block into
memory, erase the entire block, rewrite data from memory to pages prior to the page that
needs to be updated, update the relevant page, and rewrite the remaining pages in the block to
the flash. The operations for rewriting a page to the same location can be expensive in terms
of time. Further, there is a possibility of permanent data loss if the flash device is powered off
before the rewriting process is completed. However, rewriting in place may not ensure a
uniform wear of flash blocks.

[0045] A flash device can re-write a page to a different location to increase operational
latency and provide a more distributed wear-leveling of the flash memory. For example, a
flash device can mark the page as invalid and write the updated page to a different location.
In some implementations, a flash device can use an abstraction layer of logical pages on top
of the physical space provided by a flash memory structure. The layer is called as a flash
translation layer (FTL). In some implementations, commands sent to the flash devices can
use logical addresses to refer to data. In some implementations, a command includes a LPN.

The FTL can assign a physical page number to a logical page number using logic internal to

12

Samsung Ex. 1002, Page 112 of 393



WO 2011/044154 PCT/US2010/051514

the FTL. For re-writing, the FTL can be configured to re-write pages to a different location.
Hence, a flash may have multiple physical pages that are associated with the same logical
page of which only one physical page is deemed valid and the rest are deemed invalid. A
flash device can use FTL metadata to track which physical locations contain valid data.
[0046] FTL metadata can include a table that stores a mapping table of LPNs and
respective physical page locations. In some implementations, a LPN is a logical page address
exported via interface such as SAS, SATA, or PCI. The mapping table can maintain the latest
physical location that has valid contents for a corresponding LPN. FTL metadata can include
a table that describes which physical pages have valid data.

[0047] A flash device can perform garbage collection to reclaim invalidated pages such
that they can be reused for a future write operation. In some implementations, FTL logic
requires a free block to process an update to a logical page. In some implementations, a
processor within the flash controller runs a garbage collection process in the background. A
garbage collection process can search for erase blocks and run a de-fragmentation operation
before making the page available for write. In some implementations, the process searches
for blocks based on a number of invalidated pages contained therein. A de-fragmentation
process can collect the valid pages from various blocks in memory, rewrite them into a new
erase block, update the metadata mapping, and erase the old blocks. The erased blocks are
now available for a new write. A flash device can perform on-demand garbage collection in
the event that no free physical pages exist to satisfy a write operation. However, to reduce the
likelihood of on-demand garbage collection, a flash controller can declare a lesser amount of
storage space than what is physically available.

[0048] A storage system can include a flash device that is configured as a caching device.
A caching device can include a cache-aware FTL. Rather than supporting a direct mapping

between LPNs and physical storage space, such as when a flash device is used as a target-
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device, a caching device can provide caching for multiple target devices with a logical-page
range independent of the actual physical space provided by the flash device.

[0049] In some implementations, a caching device can provide commands such as GET
and SET commands to manipulate the device. Such commands can accept a target device
identifier, e.g., TGT-ID, in addition to a logical page address and transfer length fields. In
some implementations, a logical address includes a TGT-ID and a logical page number. The
TGT-ID can identify a target device associated with data sent or received via a command. A
SET operation can include caching the supplied data, identified by offset and length, for a
specified TGT-ID. Caching the supplied data can include storing the supplied data on a flash
memory structure. A GET operation can include fetching the data identified by an offset and
length specified in the GET call for a specified TGT-ID.

[0050] A cache aware FTL mapping table can include a mapping of an application
specified logical address, such as <TGT-ID, LPN>, to a physical location description within
a flash memory structure. A physical location description can identify a flash block and a
page within the flash block. In some cases, an entry in a mapping table may include a logical
address that does not have a corresponding valid physical page (e.g., a physical location
description is marked as “invalid”). Such an entry can be eliminated from the mapping table.
[0051] A caching flash device can provide an interface to INVALIDATE a cache
mapping. An INVALIDATE command can be used when an application no longer requires a
page stored in the cache. A cache aware FTL can track physical page status, e.g., valid or
invalid. A cache aware FTL can continue to do garbage collection to maintain a pool of
erased blocks.

[0052] In response to a GET call, a cache aware FTL can directly lookup an application
supplied logical address in the FTL’s internal mappings to check if the data exists within the

flash. If not, the FTL can send out an error message.
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[0053] In response to a SET call, a cache aware FTL can check if a free page is available
to accommodate an incoming write request indicated by the SET call. If a free page does
exist, the FTL can transfer the contents of the data to the available page and create a new
entry in the FTL’s mapping table to indicate the mapping of this new block. The FTL can
invalidate an old mapping, if such a mapping exists. If a page is unavailable, the FTL can
wait for a garbage collection process to reclaim pages. In some implementations, if a page is
unavailable, the FTL can return back with an error message.

[0054] In response to an INVALIDATE call, a cache aware FTL can lookup
corresponding logical addresses in the FTL’s mapping table, remove these mappings from the
mapping table, and can mark corresponding physical pages invalid. A garbage collection
process can reclaim pages marked invalid during an INVALIDATE call.

[0055] A caching flash device can support several target devices. While a caching flash
device can theoretically provide caching for an unlimited amount of physical space, a notion
of a ratio of caching space provided by a flash to the physical space for which the flash acts
as a cache is useful to understand the device’s performance. In some cases, a smaller ratio
may lead to a smaller working set in cache and, hence, results in less effective caching.
[0056] FIG. 6 shows an example of a cache aware flash translation layer process. A
caching device can run a cache aware flash translation layer process to handle incoming
requests such as a SET call. A storage controller can send a SET call to a caching device to
cache application data on the caching device. At 605, the process can receive, via a SET call,
information including a logical address and application data. At 610, the process determines
whether a mapping corresponding to the logical address exists. If the mapping exists, then,
the process, at 615, marks the physical page that is identified by the mapping as invalid. At
620, the process deletes the mapping. In some implementations, the process marks an entry

that contains the mapping as invalid.
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[0057] At 625, the process determines whether a free physical page exists. If a free
physical page does not exist, then the process runs a garbage collection process to free one or
more physical pages at 630. If a free physical page does exist, then, at 635, the process
allocates the physical page at 635. At 640, the process creates a new mapping to indicate a
relationship between the logical address and the allocated physical page. At 645, the process
transfers the application data received via the SET call to the allocated physical page on a
flash memory structure.

[0058] FIGS. 7A and 7B show examples of different cache processes. The cache process
705 depicted by FIG. 7A includes two look-ups, whereas the cache process 710 depicted by
FIG. 7B includes one look-up. A cache process that uses less look-ups can provide better
performance over a cache process that uses more look-ups. Examples of better performance
include reduced latency, reduced complexity, or both.

[0059] The cache process 705 depicted by FIG. 7A includes receiving a command that
includes a logical address, e.g., <TGT-ID, LPN>. The process 705 includes performing a first
look-up on the logical address to obtain a LPN of page in a cache memory such as a flash
memory. The process 705 includes performing a second look up on the LPN to obtain a
physical address of a physical page. The process 705 includes performing a read from or
write to the physical page.

[0060] The cache process 710 depicted by FIG. 7B includes receiving a command that
includes a logical address. The process 710 includes performing a look-up on the logical
address to obtain a physical address of page in a cache memory such as a flash memory. The
process 710 includes performing a read from or write to the physical page. The process 710
can access cache-aware FTL metadata that includes a mapping table associating logical

addresses, e.g., <TGT-ID, LPN>, with physical addresses of physical pages.
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[0061] A cache-aware FTL can respond to commands such as an INVALIDATE
command. Responding to such a command can include removing one or more associated
mappings (e.g., {<TGT-ID, LPN> <=> physical page}) from the FTL’s mapping table. A
mapping table may have multiple mappings that are associated with the same logical address
as a result of previous page invalidations. Removing such mappings can increase flash
memory space utilization and can decrease a garbage collector’s processing load.

[0062] In some implementations, a cache controller uses flash memory as a write-back
cache. The cache controller can reserve some space in the flash memory as a buffer space.
This buffer space can be used to match up a higher incoming I/O rate with a lower cache
replacement rate. In some implementations, a FTL can reserve space in the flash memory for
a garbage collection process to allow the process to catch up with an incoming I/O data
stream if such a scenario arises.

[0063] A cache-aware FTL can reserve less space when compared to a FTL that is not
cache-aware. This is because as caching logic starts invalidating cache blocks, the
corresponding physical pages also start becoming invalid, which hence become candidates
for erasing. A garbage collector can directly use these invalid pages to produce pages for
allocation. However, in some implementations, a cache-aware FTL is not required to reserve
space.

[0064] In some implementations, a storage controller can use two or more caching
devices to cache data from storage devices. A storage controller can distribute data caching
across multiple caching devices. In some implementations, a storage controller can use a hash
function that maps the tuple <TGT-ID, offset, length> to a cache device. The cache device
that is identified by an output of the hash function can be used for operations (e.g., GET,

SET, INVALIDATE) for that tuple.
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[0065] FIG. 8 shows an example of a storage system with multiple flash memory
structures. A storage system can include data storage devices 810a, 810b such as a HDD,
SSD, or a combination therecof. A controller 815 can write and read data to the data storage
devices 810a, 810b. A controller 815 can communicate with one or more caching devices
820. A caching device 820 includes memory to cache data such as one or more flash memory
structures, ¢.g., one or more flash chips 845. The caching device 820 can include interface
logic 825, a processor 830, a random access memory (RAM) 835, and a buffer manager 840
[0066] FIG. 9 shows an example of a storage process. At 905, a storage controller can
receive a command sequence that includes a logical address (e.g., <TGT-ID, LPN>). At 910,
a storage controller can select a caching device based on the logical address. Selecting a
caching device can include applying a hash function to the logical address to produce an
identifier of a caching device. At 915, the storage controller can send the logical address and
associated information to the selected caching device to handle the command sequence. At
920, if there is a cache read miss, then at 925, the storage controller can read data associated
with the LPN from the data storage device identified by the TGT-ID. At 930, the storage
controller can operate the caching device to write the read data to a flash memory structure.
At 935, the storage controller can send a response to the command sequence. For a cache
read miss, the response can include data retrieved from the storage device.

[0067] At 920, if there is not a cache read miss, then the storage controller can send a
response to the command sequence at 935. For a write command sequence, the response can
include a status, e.g., write was successful.

[0068] A few embodiments have been described in detail above, and various
modifications are possible. The disclosed subject matter, including the functional operations
described in this specification, can be implemented in electronic circuitry, computer

hardware, firmware, software, or in combinations of them, such as the structural means
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disclosed in this specification and structural equivalents thereof, including potentially a
program operable to cause one or more data processing apparatus to perform the operations
described (such as a program encoded in a computer-readable medium, which can be a
memory device, a storage device, a machine-readable storage substrate, or other physical,
machine-readable medium, or a combination of one or more of them).

[0069] The term “data processing apparatus” encompasses all apparatus, devices, and
machines for processing data, including by way of example a programmable processor, a
computer, or multiple processors or computers. The apparatus can include, in addition to
hardware, code that creates an execution environment for the computer program in question,
e.g., code that constitutes processor firmware, a protocol stack, a database management
system, an operating system, or a combination of one or more of them.

[0070] A program (also known as a computer program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, or declarative or procedural languages, and it can be deployed in any
form, including as a stand alone program or as a module, component, subroutine, or other
unit suitable for use in a computing environment. A program does not necessarily correspond
to a file in a file system. A program can be stored in a portion of a file that holds other
programs or data (e.g., one or more scripts stored in a markup language document), in a
single file dedicated to the program in question, or in multiple coordinated files (e.g., files
that store one or more modules, sub programs, or portions of code). A program can be
deployed to be executed on one computer or on multiple computers that are located at one
site or distributed across multiple sites and interconnected by a communication network.
[0071] While this specification contains many specifics, these should not be construed as
limitations on the scope of what may be claimed, but rather as descriptions of features that

may be specific to particular embodiments. Certain features that are described in this
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specification in the context of separate embodiments can also be implemented in combination
in a single embodiment. Conversely, various features that are described in the context of a
single embodiment can also be implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may be described above as acting in
certain combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed
combination may be directed to a subcombination or variation of a subcombination.

[0072] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the embodiments
described above should not be understood as requiring such separation in all embodiments.

[0073] Other embodiments fall within the scope of the following claims.
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CLAIMS

WHAT IS CLAIMED IS:
1. A system comprising:

a host system;

a data storage device;

a non-volatile memory structure that is configured to cache data with respect to the
data storage device; and

a controller configured to (i) operate the data storage device, (ii) receive a logical
address from the host system, (iii) allocate a physical page in the non-volatile memory
structure, (iv) store a mapping from the logical address to a physical address of the physical
page, (v) receive data associated with the logical address, and (vi) write, based on the
physical address, the data associated with the logical address to the non-volatile memory
structure to cache the data associated with the logical address, wherein the mapping indicates

a cached status of the data associated with the logical address.

2. The system of claim 1, wherein the controller is configured to receive the data

associated with the logical address from one of the host system or the data storage device.

3. The system of claim 1, wherein the controller is configured to (i) invalidate the
mapping based on the data associated with the logical address being written to a different
physical page and (ii) perform an erasure of the physical page associated with the invalidated

mapping to make the physical page available for re-allocation.

4. The system of claim 1, wherein the controller is configured to invalidate an allocated

physical page based a logical address indicated by an invalidate command sequence.
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5. The system of claim 1, comprising:

two or more data storage devices including the data storage device,

wherein the non-volatile memory structure is configured to cache data with respect to
the two or more data storage devices, and wherein the mapping includes a data storage device

identifier that identifies at lcast one of the two or more data storage devices.

6. The system of claim 1, wherein the controller includes a storage controller and a
cache controller, wherein the cache controller is communicatively coupled with the non-

volatile memory structure.

7. The system of claim 1, wherein the non-volatile memory structure includes a flash

memory structure, and wherein the data storage device includes a hard disk drive.

8. The system of claim 1, comprising:
a first caching device that includes the non-volatile memory structure; and
a second caching device,
wherein the controller is configured to select a caching device based on the logical

address.
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9. An apparatus, comprising:

a non-volatile memory structure;

circuitry to receive a command sequence that includes a logical address, wherein the
logical address includes (i) information that identifies a data storage device and (ii) a logical
page number;

circuitry to receive data associated with the logical address;

circuitry to allocate a physical page in the non-volatile memory structure;

circuitry to store a mapping from the logical address to a physical address associated
with the physical page; and

circuitry to write, based on the physical address, the data associated with the logical
address to the non-volatile memory structure to cache the data associated with the logical
address, wherein the mapping indicates a cached status of the data associated with the logical

address.

10. The apparatus of claim 9, comprising:

circuitry to receive a read command sequence that includes a logical address;

circuitry to identify a physical address associated with the logical address of the read
command sequence; and

circuitry to read, based on the identified physical address, data from the non-volatile
memory structure to provide cached data associated with the logical address of the read

command scquence.

11. The apparatus of claim 9, comprising:
circuitry to invalidate an allocated physical page based a logical address indicated by

an invalidate command sequence.
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12. The apparatus of claim 9, wherein the non-volatile memory structure comprises a

flash memory structure.

13. A method, comprising:

receiving, from a host system, information that includes a logical address;

receiving data associated with the logical address from one of the host system or a
data storage device;

allocating a physical page in a non-volatile memory structure, wherein the non-
volatile memory structure is configured to cache data with respect to at least one data storage
device;

storing a mapping from the logical address to a physical address of the physical page;
and

writing, based on the physical address, the data associated with the logical address to
the non-volatile memory structure to cache the data associated with the logical address,

wherein the mapping indicates a cached status of the data associated with the logical address.

14. The method of claim 13, comprising:

invalidating the mapping based on the data associated with the logical address being
written to a different physical page; and

performing an erasure of the physical page associated with the invalidated mapping to

make the physical page available for re-allocation.

15. The method of claim 13, wherein receiving data associated with the logical address

comprises reading data from the data storage device based on the logical address.
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16. The method of claim 13, comprising:
invalidating an allocated physical page based a logical address indicated by an

invalidate command sequence.

17. The method of claim 13, wherein the non-volatile memory structure is configured to
cache data with respect to two or more data storage devices, and wherein the logical address
includes a target device identifier that identifies at least one of the two or more data storage

devices.

18. The method of claim 13, comprising:
selecting a caching device from two or more caching devices based on the logical
address, wherein writing data to the non-volatile memory structure comprises communicating

with the selected caching device.

19. The method of claim 13, wherein selecting the caching device comprises applying a

hash function to the logical address to produce an identifier of a caching device.

20. The method of claim 13, wherein writing data to the non-volatile memory structure

comprises writing to a flash memory structure.
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

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.

PATENT APPLICATION FEE DETERMINATION RECORD | Appli
Substitute for Form PTO-875

cation or Docket Number Filing Date
17/877,881 07/29/2022 (J7o be Mailed

APPLICATION AS FILED - PART |

ENTITY: (JLARGE M SMALL [JMICRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BASIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(L] sEARCH FEE
(37 GFR 1.16(K), (i), or (m)) NiA NiA N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or (@) NiA NiA N/A
TOTAL CLAIMS . * _
(37 CFR 1.16(i)) minus 20 = x 990 =
INDEPENDENT CLAIMS *
(37 GFR 1.16(h)) minus 3 = x $240 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dgi')ﬂl_??go;\)‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 04/19/2023 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
N 30 Minus | = 30 -0 x $40 - 0
Z11 B x —
| I e | 3 -0 A 2
E ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total " ; *x - -
=S | erorriiey Minus = x $0 =
O | Independent N i . - _
E (370FpR 1.16(h)) Minus N x $0 =
= | [ Application Size Fee (37 CFR 1.16(s))
< [_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
“* |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /BRENDA L TURNER/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in

the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the 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 Ch
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR

ief Information Officer, U.S. Patent and Trademark Office, U.S.
COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-8198 and select option 2.
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

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.

PATENT APPLICATION FEE DETERMINATION RECORD | Appli
Substitute for Form PTO-875

cation or Docket Number Filing Date
17/877,881 07/29/2022 (J7o be Mailed

APPLICATION AS FILED - PART |

ENTITY: (JLARGE M SMALL [JMICRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BASIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(L] sEARCH FEE
(37 GFR 1.16(K), (i), or (m)) NiA NiA N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or (@) NiA NiA N/A
TOTAL CLAIMS . * _
(37 CFR 1.16(i)) minus 20 = x 990 =
INDEPENDENT CLAIMS *
(37 GFR 1.16(h)) minus 3 = x $240 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dgi')ﬂl_??go;\)‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 04/19/2023 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
N 30 Minus | = 30 -0 x $40 - 0
Z11 B x —
| I e | 3 -0 A 2
E ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total " ; *x - -
=S | erorriiey Minus = x $0 =
O | Independent N i . - _
E (370FpR 1.16(h)) Minus N x $0 =
= | [ Application Size Fee (37 CFR 1.16(s))
< [_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
“* |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /BRENDA L TURNER/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in

the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the 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 Ch
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR

ief Information Officer, U.S. Patent and Trademark Office, U.S.
COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-8198 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
758 7590 02/08/2023
FENWICK & WEST LLP BATAILLE, PIERRE MICHE
SILICON VALLEY CENTER
801 CALIFORNIA STREET | ART UNIT PAPERNUMBER |
MOUNTAIN VIEW, CA 94041 2136
DATE MAILED: 02/08/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
17/877.881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676

TITLE OF INVENTION: Storage System with Multiplane Segments and Cooperative Flash Management

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

nonprovisional SMALL $480 $0.00 $0.00 $480 05/08/2023

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 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted 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.

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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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)

758 7590 02/08/2023 Certificate of Mailing or Transmission
FENWICK & WEST LLP 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
SILICON VALLEY CENTER addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
801 CALIFORNIA STREET the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
MOUNTAIN VIEW, CA 94041 (Typed or primed rame)
(Signature)
(Date)|
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/877,881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676
TITLE OF INVENTION: Storage System with Multiplane Segments and Cooperative Flash Management

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

nonprovisional SMALL $480 $0.00 $0.00 $480 05/08/2023

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
BATAILLE, PIERRE MICHE 2136 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 2

registered attorney or agent) and the names of upto 2

O e . P 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
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) : (] Individual [ Corporation or other private group entity (J 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)

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

(L 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.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/877.881 07/29/2022 Andrey V. Kuzmin 39471-53126/US 3676
758 7590 02/08/2023 | EXAMINER |
FENWICK & WEST LLP BATAILLE, PIERRE MICHE
SILICON VALLEY CENTER
801 CALIFORNIA STREET | ART UNIT PAPERNUMBER |
MOUNTAIN VIEW, CA 94041 2136

DATE MAILED: 02/08/2023

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.

Page 3 of 3
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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. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 17/877,881 Kuzmin et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
PIERRE MICHEL BATAILLE 2136 Yes

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

1.4) This communication is responsive to 01/06/2023 & 01/24/2023.
[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 1-30 . 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) Al b) (J Some* ¢) [J None of the:
1. (O Certified copies of the priority documents have been received.
2. [J 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.

(3O 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.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

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

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

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

/PIERRE MICHEL BATAILLE/
Primary Examiner, Art Unit 2136

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230119
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Application/Control Number: 17/877,881 Page 2
Art Unit: 2136

Notice of Pre-AlA or AIA Status
The present application, filed onor after March 16, 2013, isbeingexamined underthe

first inventorto file provisions of the AlA.

Allowable Subject Matter

Claims 1-30 are allowed.

The followingisan examiner’s statement of reasons for allowance:

The presentinventionfeatures:
solid state storage drive (SSD) comprising:a host interface configured to communicate
with a host using commands from a Non-Volatile Memory Express (NVMe) standard;
non-volatile memory comprising NAND flash memory, the NAND flash memory
comprisinga plurality of erase units and each erase unitcomprising a plurality of pages;
logic coupled to the host interface and to the flash memory, whereinthe logic
comprises at least one of hardware logic and software logic, and communicates with the

host via the host interface using NVMe commands.

Referenced priorart include:
US 11,307,995 teachingstorage device comprising: flash memory having physical
erase units;and circuitry to, for each of incomingdata write requests: derive, from
incoming address information, first, second and third address portionidentifyingan

addressed block; and the circuitry to identify one of the physical erase units that
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corresponds to the identified logical erase unit, and program associated data into the
identified one of the physical erase units.

US 20130166825 (KIM et al) teaching method of controlling a non-volatile
memory device having multiple planesincluding sequentially transmitting data sets
stored at respective bufferaddresses to page buffers, respectively, of the planes, and
programming in parallel at least two data sets stored inrespective page buffersto
memory cells of the non-volatile memory device.

US 7,631,138 (Gonzalezet al) teaching memory system having non-volatile
memory cellsarranged in blocks as a unitof erase, pages thereinas a unit of data
programming and reading, and planes of a plurality of blocks that are independently
accessible,; determiningthat more than said given number of one or more units of data
having consecutive logical addresses are beingreceived, writingthe more than said
given number of units of data in parallelinto pages withintwo or more blocks of one of
the metablocksin two or more planes.

US 9,710,377(Wayda et al) teaching managing multi-drive, multi-die or multi-
plane NAND flash memory wherein a host directly assigns physical addresses and
performs logical-to-physical addresstranslationin a manner that reduces or eliminates
the needfor executing multiple of the same functions.

US 2015/0134930 (Huang et al)teaching memory-mapping an information unit
(such as a file) into virtual memory such that the information unit isstored on a bulk-

erase type block storage device usinga single level of address translation, eliminating
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the needforthe storage device to perform separate and independent address
mappings.

US 20120198129 (VanAKEN et al) teaching systemincludinga controllerand a
plurality of nonvolatile memory modules wherein each module is configured to perf orm
a management function with respect to the module at least partially basedon a
parameter, the parameter and modules to support multiple forms of concurrency with
respect to data programming involving the modules.

US 20120260150 (Cideciyanetal) teaching methods and apparatus provided for
controlling data managementoperationsincluding storage of data insolid state storage
of a solid state storage system wherein Input data is stored in successive groups of data
write locations in the solid state storage, each group comprisinga setof write locations
in each of a plurality of logical subdivisions of the solid state storage.

US 2013/0024460 (Peterson et al) teaching method including writingan index
segmentassociated with a plurality of data packets to the log-based structure, the index
segmentcomprising index entriesfordetermininglogical identifiers of the data packets
and recording, on the storage media, informationindicatingwhere the indexsegmentis
written on the storage medium.

US 2005/0141313 (Gorobetset al) teaching non-volatile memory constituted
from a set of memory planes, each having itsown set of read/write circuits so that the
memory planes can operate in parallel, the memory further organizedinto erasable

blocks, each for storing a logical group of logical units of data.
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However, none of the prior art of record teaches or renders obvious the featuresas recited in

the claims, taken in light of the disclosure, specifically:
logic operatesto: divide the flash memory into zones; wherein the zones are non-
overlapping subdivisions of the flash memory, each zone comprises two or more erase
units, the erase unitsin at least one zone are on two or more differentplanes, and each
zone isassociated witha zone start logical block address and a range of logical block
addresses;in response to a write command from the host to write data within the range
of logical block addresses of a specified zone, perform a multi-plane write of said data to
erase unitson different planesinthe specified zone usinga common page address for
the respective erase units on the different planes; generate metadata based on
accessing and maintenance of erase unitsin the specified zone; and based on the
metadata, make a notification available to the host that recommends performing
maintenance on the specified zone, wherein the recommendationis associated with the

zone start logical block address of the specified zone.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissionsshouldbe clearly labeled “Comments on Statement of Reasons for

Allowance.”
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Conclusion
Any inquiry concerning this communication or earliercommunications from the examiner
should be directed to PIERRE MICHEL BATAILLE whose telephone numberis (571)272-4178. The
examinercan normally be reached Monday - Thursday 7-6 ET.

Examinerinterviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaborationtool. To schedule an interview, applicantis
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Charles Rones can be reached on (571) 272-4085. The fax phone numberfor the
organization where this application or proceedingis assignedis 571-273-8300.

Information regarding the status of published orunpublished applications may be
obtainedfrom Patent Center. Unpublished applicationinformationin Patent Centeris available
to registered users. To file and manage patent submissionsinPatentCenter, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for
more information about Patent Centerand https://www.uspto.gov/patents/docx for
information about filingin DOCX format. For additional questions, contact the Electronic
Business Center(EBC) at 866-217-9197 (toll-free). f you would like assistance from a USPTO

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

/PIERRE MICHEL BATAILLE/
Primary Examiner, Art Unit 2136
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L1 15074 (flash OR plane OR (USOCR; FIT (AU, AP, |OR ON ON 2023/01/19
storage OR memory) AT, BE, BG, BR, BY, 08:32 PM
near5 (zone OR divid$ [CA, CH, CN, CS, CU,

OR subdivid$ OR CZ, DD, DE, DK, EA,

sub?divid$ OR subset |EE, EP, ES, FI, FR, GB,

OR sub?set) AND HR, HU, ID, IE, IL, IS,

maintenance near5 IT, JP, KR, LT, LU, LV,

(identif$ OR need$ OR [MA, OA, RU, SU, WO,

necess$) MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 20 L1 AND (memory OR (USOCR; FIT (AU, AP, |OR ON ON 2023/01/19
storage) near3 (space |AT, BE, BG, BR, BY, 08:33 PM
OR area) AND reserv$ |CA, CH, CN, CS, CU,
near3 (size OR CZ, DD, DE, DK, EA,
capacity) AND EE, EP, ES, FI, FR, GB,
bandwidth HR, HU, ID, IE, IL, IS,

IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L3 4781 (flash OR plane OR (US-PGPUB; USPAT) |OR ON ON 2023/01/19
storage OR memory) 08:33 PM
near5 (zone OR divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set) AND
maintenance near5
(identif$ OR need$ OR
necess$)

L4 72 L3 AND (memory OR (US-PGPUB; USPAT) |OR ON ON 2023/01/19
storage) near3 (space 08:33 PM
OR area) AND reserv$
near3 (size OR
capacity) AND
bandwidth

L5 383 (flash OR plane OR (USOCR; FIT (AP, AT, |OR ON ON 2023/01/19
storage OR memory) AU, BE, BG, BR, BY, 08:36 PM
near5 (zone OR divid$ [CA, CH,CN, CS, CU,

OR subdivid$ OR CZ, DD, DE, DK, EA,

sub?divid$ OR subset |(EE, EP, ES, FI, FR, GB,

OR sub?set) AND HR, HU, ID, IE, IL, IS,

(configuration OR IT, JP, KR, LT, LU, LV,
01/19/2023 11:19:50 PM Page 1 of 7
Workspace: 17489945 PB
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L6

L7

L8

L9

544

45

maintenance) near5
(flash OR plane OR
storage OR memory)
AND (memory OR
storage) near3 (space
OR area) AND reserv$
near3 (size OR
capacity) AND
bandwidth

L5 AND erase$ near3
unit AND physical near3
plane AND logical

(flash OR plane OR
storage OR memory)
near5 (zone OR divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set) AND
(configuration OR
maintenance) near5
(flash OR plane OR
storage OR memory)
AND (memory OR
storage) near3 (space
OR area) AND reserv$
near3 (size OR
capacity) AND
bandwidth

L7 AND erase$ near3
unit AND physical near3
plane AND logical

logical near3 address
AND erase$ near3 unit
AND physical near3
plane AND logical
near3 controller AND
physical near3
controller AND (flash
OR plane) near4 write
AND multi?plane near4
write

MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/01119
08:37 PM

2023/01119
08:37 PM

2023/01119
08:37 PM

2023/01119
09:49 PM

01/18/2023 11:19:50 PM
Workspace: 17489945
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IBM_TDB)

L10 10 logical near3 address  [(US-PGPUB; USPAT) [(OR ON ON 2023/01/19
AND erase$ near3 unit 09:49 PM
AND physical near3
plane AND logical
near3 controller AND
physical near3
controller AND (flash
OR plane) near4 write
AND multi?plane near4
write

L11 0 (different adj1 plane OR [(USOCR; FIT (AP, AT, [OR ON ON 2023/01/19
multi?plane) WITH AU, BE, BG, BR, BY, 10:03 PM
eras$ near3 unit AND |CA, CH, CN, CS, CU,
metadata WITH eras$ |CZ, DD, DE, DK, EA,

AND physical near3 EE, EP, ES, FI, FR, GB,
plane AND logical HR, HU, ID, IE, IL, IS,
near3 controller AND IT, JP, KR, LT, LU, LV,
physical near3 MA, MC, MD, MY, NL,
controller AND (flash NO, NZ, OA, PH, PL,
OR plane) neard writ$3 |PT, RO, RS, RU, SE,
AND multi?plane near4 |SG, SI, SK, SU, TH,
writ$3 TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L12 10 (different adj1 plane OR [(US-PGPUB; USPAT) [(OR ON ON 2023/01/19
multi?plane) WITH 10:03 PM
eras$ near3 unit AND
metadata WITH eras$
AND physical near3
plane AND logical
near3 controller AND
physical near3
controller AND (flash
OR plane) near4 writ$3
AND multi?plane near4
writ$3

L13 1 (maintenance OR (USOCR; FIT (AP, AT, |OR ON ON 2023/01/19
reconfigur$) WITH AU, BE, BG, BR, BY, 10:06 PM
eras$3 near3 unit WITH |CA, CH, CN, CS, CU,

(plane OR zone) AND |CZ, DD, DE, DK, EA,

(multi?plane OR EE, EP, ES, FI, FR, GB,

different adj1 (plane OR |HR, HU, ID, IE, IL, IS,

flash)) near5 eras$3 IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L14 36 (maintenance OR (US-PGPUB; USPAT) |OR ON ON 2023/01/19
reconfigur$) WITH 10:06 PM
eras$3 near3 unit WITH

01/19/2023 11:19:50 PM Page 3 of 7
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(plane OR zone) AND
(multi?plane OR
different adj1 (plane OR
flash)) near5 eras$3
L15 36 (maintenance OR (US-PGPUB; USPAT) |OR ON ON 2023/01/19
reconfigur$) WITH 10:10 PM
eras$3 WITH (plane OR
zone) AND (multi?plane
OR different adj1 (plane
OR flash)) near5 eras$3
L16 3 (maintenance OR (USOCR; FIT (AP, AT, |OR ON ON 2023/01/19
reconfigur$) WITH AU, BE, BG, BR, BY, 10:11 PM
eras$3 WITH (plane OR|CA, CH, CN, CS, CU,
zone) AND (multi?plane |CZ, DD, DE, DK, EA,
OR different adj1 (plane |EE, EP, ES, FI, FR, GB,
OR flash)) near5 eras$3|HR, HU, ID, IE, I, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L17 25 ("7913061" (USOCR; FIT (AP, AT, |OR ON ON 2023/01/19
"20120198128" AU, BE, BG, BR, BY, 10:14 PM
"8626989" "8443263" |CA, CH, CN, CS, CU,
"20110161784" CZ, DD, DE, DK, EA,
"20070245070" EE, EP, ES, FI, FR, GB,
"20110231713" HR, HU, ID, IE, IL, IS,
"7870328" IT, JP, KR, LT, LU, LV,
"20140201437" MA, MC, MD, MY, NL,
"20120151118" NO, NZ, OA, PH, PL,
"20120198129" PT, RO, RS, RU, SE,
"8527693" "9182924" |SG, SI, SK, SU, TH,
"8504798" TN, TR, TW, UA, VN,
"20050141313" WO); FPRS; EPO;
"20090019217").pn. JPO; DERWENT;
IBM_TDB)
L19 16 ("7913061" (US-PGPUB; USPAT) |OR ON ON 2023/01/19
"20120198128" 10:14 PM
"8626989" "8443263"
"20110161784"
"20070245070"
"20110231713"
"7870328"
"20140201437"
"20120151118"
"20120198129"
"8527693" "9182924"
"8504798"
"20050141313"
"20090019217").pn.
L20 161593 (GO6F3/0611 (US-PGPUB; USPAT; |OR ON ON 2023/01/19
G06F3/0638 USOCR; FIT (AP, AT, 10:59 PM
01/19/2023 11:19:50 PM Page 4 of 7
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GO06F3/0679 AU, BE, BG, BR, BY,
G06F3/0688 CA, CH,CN, CS, CU,
GO06F12/10 CZ, DD, DE, DK, EA,
G06F12/0246 EE, EP, ES, FI, FR, GB,
G06F2212/2022 HR, HU, ID, IE, IL, IS,
G06F2212/7208 IT, JP, KR, LT, LU, LV,
G06F2212/7207).CPC. |MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L21 61 L20 AND (flash OR (USOCR; FIT (AP, AT, |OR ON ON 2023/01/19
plane OR storage OR |AU, BE, BG, BR, BY, 11:00 PM
memory) near5 (zone [CA, CH, CN, CS, CU,

OR divid$ OR subdivid$ [CZ, DD, DE, DK, EA,
OR sub?divid$ OR EE, EP, ES, FI, FR, GB,
subset OR sub?set) HR, HU, ID, IE, IL, IS,
AND (configuration OR [IT, JP, KR, LT, LU, LV,
maintenance) near5 MA, MC, MD, MY, NL,
(flash OR plane OR NO, NZ, OA, PH, PL,
storage OR memory) PT, RO, RS, RU, SE,
AND (memory OR SG, SI, SK, SU, TH,
storage) near3 (space |TN, TR, TW, UA, VN,
OR area) AND reserv$ |WO); FPRS; EPO;
near3 (size OR JPO; DERWENT;
capacity) AND IBM_TDB)

bandwidth

L22 154 L20 AND (flash OR (US-PGPUB; USPAT) |OR ON ON 2023/01/19
plane OR storage OR 11:00 PM
memory) near5 (zone
OR divid$ OR subdivid$
OR sub?divid$ OR
subset OR sub?set)

AND (configuration OR
maintenance) near5
(flash OR plane OR
storage OR memory)
AND (memory OR
storage) near3 (space
OR area) AND reserv$
near3 (size OR
capacity) AND
bandwidth

L23 45 L22 AND erase$ near3 [(US-PGPUB; USPAT) |OR ON ON 2023/01/19
unit AND physical near3 11:01 PM
plane AND logical

L24 10 (different adj1 plane OR |(US-PGPUB; USPAT) |OR ON ON 2023/01/19
multi?plane) WITH 11:01 PM
eras$ AND metadata
WITH eras$ AND
physical near3 plane
AND logical near3
controller AND physical
near3 controller AND

01/19/2023 11:19:50 PM Page 5 of 7

Workspace: 17489945
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L25

L26

L27

10

31

(flash OR plane) near4
writ$3 AND multi?plane
near4 writ$3

(different adj1 plane OR
multi?plane) WITH
eras$ AND metadata
WITH eras$ AND
physical near3 plane
AND logical near3
controller AND physical
near3 controller AND
(flash OR plane) near4
writ$3 AND multi?plane
near4 writ$3

L20 AND (different adj1
plane OR multi?plane)
WITH eras$ AND
metadata WITH eras$
AND physical near3
plane AND (flash OR
plane) near4 writ$3
AND multi?plane near4
writ$3

L20 AND (different adj1
plane OR multi?plane)
WITH eras$ AND
metadata WITH eras$
AND physical near3

plane

(USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CcU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/01119
11:02 PM

2023/01/19
11:03 PM

2023/01119
11:03 PM

PE2E SEARCH - Search History (Interference)

Ref #

Hits

Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1

N2

(((flash OR plane OR
storage OR memory)
near5 (zone OR divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set) AND
maintenance near5
(identif$ OR need$ OR
necess$)) AND
(memory OR storage)
near3 (space OR area)
AND reserv$ near3
(size OR capacity) AND
bandwidth).clm.

((flash OR plane OR
storage OR memory)
near5 (zone OR divid$

OR subdivid$ OR

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2023/01/19
08:34 PM

2023/01119
08:36 PM

01/18/2023 11:19:50 PM
Workspace: 17489945
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N3 0

N4 0

sub?divid$ OR subset
OR sub?set) AND
(configuration OR
maintenance) near5
(flash OR plane OR
storage OR memory)
AND (memory OR
storage) near3 (space
OR area) AND reserv$
near3 (size OR
capacity) AND
bandwidth).clm.

(logical near3 address
AND erase$ near3 unit
AND physical near3
plane AND logical
near3 controller AND
physical near3
controller AND (flash
OR plane) near4 write
AND multi?plane near4
write).clm.

((different adj1 plane
OR multi?plane) WITH
eras$ AND metadata
WITH eras$ AND
physical near3 plane
AND logical near3
controller AND physical
near3 controller AND
(flash OR plane) near4
writ$3 AND multi?plane
neard writ$3).clm.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2023/01/19
09:49 PM

2023/01/19
11:02 PM

01/18/2023 11:19:50 PM
Workspace: 17489945

Page 7 of 7

PB
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PQ. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov’

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/877,881 07/29/2022 Andrey V. Kuzmin 39471-53126/US
CONFIRMATION NO. 3676
758 POA ACCEPTANCE LETTER
FENWICK & WEST LLP

SILICON VALLEY CENTER

R
801 CALIFORNIA STREET

MOUNTAIN VIEW, CA 94041

Date Mailed: 01/26/2023

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/20/2023.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ctuazon/

page 1 of 1
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 17877881

Filing Date 29-Jul-2022
First Named Inventor Andrey Kuzmin
Attorney Docket Number 39471-53126/US

Title of Invention

Storage System with Multiplane Segments and Cooperative Flash Management

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Radian Memory Systems, LLC 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

11487657

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(® Small Entity
(O Micro Entity

(O Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 41015

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Si t
Ignature /Michael W. Farn/

Name Michael W. Farn

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

17877881

Filing Date:

29-Jul-2022

Title of Invention:

Storage System with Multiplane Segments and Cooperative Flash

Management

First Named Inventor/Applicant Name:

Andrey V. Kuzmin

Filer:

Michael Wayne Farn

Attorney Docket Number:

39471-53126/US

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SuB—;’g(t;)l in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 2814 1 170 170
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

170
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 17877881
Filing Date: 29-Jul-2022

Applicant/Patent under Reexamination: Kuzmin

Electronic Terminal Disclaimer filed on January 24, 2023

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office

Samsung Ex. 1002, Page 177 of 393



Electronic Acknowledgement Receipt

EFS ID: 47421445
Application Number: 17877881
International Application Number:
Confirmation Number: 3676

Title of Invention:

Storage System with Multiplane Segments and Cooperative Flash
Management

First Named Inventor/Applicant Name:

Andrey V. Kuzmin

Customer Number:

758

Filer:

Michael Wayne Farn

Filer Authorized By:

Attorney Docket Number: 39471-53126/US
Receipt Date: 24-JAN-2023
Filing Date: 29-JUL-2022
Time Stamp: 19:00:39

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $170

RAM confirmation Number E20231NJ00374663

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| (if appl.)
41302
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
aaSbd22bac0472ae8a661319293dc9a3f1f0)
e7f9
Warnings:
Information:
38235
2 Fee Worksheet (SB06) fee-info.pdf no 2
aab1c343e4e025faa71ce00b98ed8595709)
8be65
Warnings:
Information:
Total Files Size (in bytes){ 79537

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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Doc Code: PAL.

Document Description: Power of Altorney

FTOAIAGZA (D7-13)

Approved for use through 03/31/2021. OMB 0651-0035
{183, Patent and Trademark Office; U5, DEPARTMENT OF COMMERCE
Under the Pagerwork Reduction Ad of 1685, no persons are required to respond fo a colfection of information unless i displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/SZE) to identify the application to which the
Power of Attorney is directed, in accordansce with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. if neither form PTO/AIABZA nor form PTO/AIASZE identifies the application to which the Fower of Attorney is
directed, the Power of Attorney will nol de recognized in the application.

Application Number 17/877 881

Filing Date

July 29, 2022

First Named inventor

Kuzmin, Andray V.

Title Storage System with Multiplane Segments and Cooperative Flash
Management
Art Unit 2136

Examiner Name

Pierre Michel Batallie

Attorney Docket Number | 3047 1-531268/US

SIGNATURE of Applicant or Patent Practitioner

Signature

/Michael W. Fam/

Date {Optionai}

Name

Michael W. Farn

Registration
Number

41018

Title (if Applicantis a
juristic entity)

Atiorey of Applicant

Applicant Name (f Applicant is a juristic entity)

Radian Memory Systems, Inc.

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. {f
more than one applicani, use mulliple forms.

*“Total of QI8 forms are submitted.

This collection of information is reguired by 37 CFR 1.131, 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 USFTO to process) an application. Confidentiaiity is govermed by 35 U.8.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated {o take 3 minutes {o complete, including gathering, preparing, and submitling the completad
application form 1o the USPTO. Time will vary depending upon the individual case, Any commentis on the amount of time you reguire
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 1480, Alexandria, VA 22313-1480,

if you need assistance in completing the form, call 1-800-FTO-310¢ and sefect option 2.
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DocuBign Envelope 1D: 7382DCOB-D20E-4FE4-AQSE-331BC5AC0144
Document Description: Power of Altorney PIOMIVEZB 07 1)

9]
Approved for use through 03/31/2021. OMB 0651-0035

UL.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1665, no persons are required {o respond o a o ation unless i dispiays a valid OMB control number
p

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of altorney given in the application identified in gither the atiached transmittal letter or
the boxes below.

Application Number Filing Date

{(Note: The boxes above may be left blank If information is provided on form PTO/AIA/EZA )

i hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our atiomey(s} or agent(s}, and
o transact all business in the United States Patent and Trademark Office connecled therewith for the application referenced in
the attached transmiiiai letter {form PTCO/AIA/BZA} or identified above:

oR 00758

D i hereby appoint Practitioner(s) named in the attached list (form PTO/AIAMB2C) as my/our atierney(s) or agent(s), and 1o transadi

ali business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal ietter form PTO/AIA/BZA) or identified above. (Note: Complete form FTOAIABZC)

Please recognize or change the comrespondence address for the application identified in the attached transmittal
letter or the boxes above to:

The address associated with the above-mentioned Customer Number
- OR

E::] The address associated with Customer Number:
OR

E:] Firm or
individual Name

Address
City

| State | Zip

Country
Telephone

| Email |

| amn the Appilicant (if the Applicant is a juristic entity, list the Applicant name in the box):

Radian Memory Systems, Inc.

3::} inventor or Joint inventor (title not reguired below)

Ej Legal Representative of 3 Deceased or Legally incapacitated Inventor ditle not required below)

AAAAAAA Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer’s title if applicant is a juristic entity}
D Person Who Otherwise Shows Sufficient Proprietary interest (e.49., a petition under 37 CFR 1.468(0){2) was granted in the

appiication or is concurently being filed with this document) (provide signer’s title if applicant is a juristic entity}
SIGNATURE of Apgplicant for Patent

&) is authorzed 1o act on behalf of the applicant (e.g., whern

The undersigned (whose
Signature

e the applicant is a judstic entity).

Date {Optional E

i
Name Jadon

Titie CEQ

NQTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature reguirements
and certifications. If more than one apglicant, use multipie forms.

Tofaﬁ of one forms are submitted.

This coliection ot information is reguired by 37 OFR 1.131, 1.32, and 1.33. The informat
USPTO to process
inciuding gathering,

of time you regs wire 1o co‘np!ete fh is k)rm md/or sugges horr for rem,ong f‘w‘ rurdm i
Department of Comimerce, P.O. Box 1450, Alexandiia, VA 22313-1450. DO NOT SEND FEE

i sir obtain or retain a benelit by the public which is to file {and by the
3 an dpplua‘lmn \,onfdﬂnila z{v is gm.'efned by 39 U 3. C 122 and 31 L FR 1 11 md 1.14. Tr.ss C(,Hek tson is eahmated \(, 1ake minules ¢ .1p' te,

A LSBT

for Patents, P.O. Box 1450, Alexandria, \]A 223134450,
if vou need assistance in completing the form, call 1-800-FTO-3108 and select option 2.

S -if?'R CQ:’\;‘IPLETED FORMS TO THIS AE‘DRESS SEND TO: Qummissiene!
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Electronic Acknowledgement Receipt

EFS ID: 47406802
Application Number: 17877881
International Application Number:
Confirmation Number: 3676

Title of Invention:

Storage System with Multiplane Segments and Cooperative Flash
Management

First Named Inventor/Applicant Name:

Andrey V. Kuzmin

Customer Number:

758

Filer:

Michael Wayne Farn/Nicole Walsh

Filer Authorized By:

Michael Wayne Farn

Attorney Docket Number: 39471-53126/US
Receipt Date: 20-JAN-2023
Filing Date: 29-JUL-2022
Time Stamp: 21:50:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ttes)/ Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
247642
1 Power of Attorney 53126_US_POA.pdf no 2
59b23400dc9c8f7e845d313cfd4d2b09bbb]
Warnings:
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Information:

Total Files Size (in bytes){ 247642

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: 47332628
Application Number: 17877881
International Application Number:
Confirmation Number: 3676

Title of Invention:

Storage System with Multiplane Segments and Cooperative Flash

Management

First Named Inventor/Applicant Name:

Andrey V. Kuzmin

Customer Number:

758

Filer:

Michael Wayne Farn

Filer Authorized By:

Attorney Docket Number: 39471-53126/US
Receipt Date: 06-JAN-2023
Filing Date: 29-JUL-2022
Time Stamp: 18:25:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ttes)/ Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
103285
Amendment/Request for
1 Reconsideration-After Non-Final 53126_US_AMENDMENT.pdf no 12
Rejection 6da49a90530f3ac7672ea28fe47039a50aeq)
dc80
Warnings:
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Information:

Total Files Size (in bytes){ 103285

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

FIRST NAMED Andrey V. Kuzmin

INVENTOR:

APPLICATION NO.: 17/877,881

TITLE: Storage System with Multiplane Segments and Cooperative Flash
Management

FILING DATE: July 29, 2022

EXAMINER: Bataille, Pierre Miche

GROUP ART UNIT: 2136

CONFIRMATION NO.: 3676

ATTY. DKT. NO.: 39471-53126/US

CERTIFICATE OF TRANSMISSION
I hereby certify under 37 C.F.R. § 1.8(a)(ii) that this correspondence is being deposited or transmitted in accordance
with 37 C.F.R. § 1.8(a)(i) on or before the local date shown below.

Signature: /Michael W. Farn/
Typed or Printed Name: | Michael W. Farn, Reg. No.: 41,015 | Dated: | Jan 6, 2023

RESPONSE AND AMENDMENT A

The following is in response to the Office Action mailed October 7, 2022.
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AMENDMENTS TO THE CLAIMS
All pending claims, along with a current status of each, are reproduced below. If

indicated, please amend the claims accordingly.

1. (Currently amended) A solid state storage drive (SSD) comprising:
a host interface configured to communicate with a host using commands from a Non-
Volatile Memory Express (NVMe) standard;
non-volatile memory comprising NAND flash memory, the NAND flash memory
comprising a plurality of erase units and each erase unit comprising a plurality of
pages;
logic coupled to the host interface and to the flash memory, wherein the logic comprises
at least one of hardware logic and software logic, and communicates with the host
via the host interface using NVMe commands;
wherein the logic and-the-flash-memery operates are-operable-to:
divide the flash memory into zones; wherein the zones are non-overlapping
subdivisions of the flash memory, each zone comprises two or more
erase units, the erase units in at least one zone are on two or more
different planes, and each zone is associated with a zone start logical
block address and a range of logical block addresses;
in response to a write command from the host to write data within the range of
logical block addresses of a specified zone, perform a multi-plane
write of said data to erase units on different planes in the specified
zone using a common page address for the respective erase units on

the different planes;
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generate metadata based on accessing and maintenance of erase units in the
specified zone; and

based on the metadata, make a notification available to the host that
recommends performing maintenance on the specified zone, wherein
the recommendation is associated with the zone start logical block

address of the specified zone.

2. (Currently amended) The SSD of claim 1 further comprising:

additional non-volatile memory, wherein the logic further operates tsfurtheroperable to

store the generated metadata in the additional non-volatile memory.

3. (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-operable to compare the metadata with at least one threshold, and wherein making the

notification available to the host is dependent on the comparison.

4, (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-operable to determine, based on the metadata, that maintenance is recommended for the
specified zone and to identify the zone start logical block address associated with the specified
zone for which maintenance is recommended; wherein determining that maintenance is
recommended for the specified zone, identifying the zone start logical block address associated
with the specified zone, and making the notification available to the host are all unsolicited by

the host.

5. (Currently amended) The SSD of claim 1 wherein the logic further operates s

further-eperable to receive a command from the host; and, in response to said command, transmit
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to the host (a) information representing a list of host accessible zones including a zone start

logical block address for each listed zone, and (b) a host accessible capacity for each listed zone.

6. (Currently amended) The SSD of claim 1 wherein for at least one write command
addressed within the range of logical block addresses of the specified zone, the specified zone
contains an integer number of erase units in the NAND flash memory, and the logic operates is
operable to generate an address offset from the write command which corresponds to a location

within a sequential range of locations that corresponds to the integer number of erase units.

7. (Currently amended) The SSD of claim 1 wherein:

the logic further operates s-furthereperable to receive read commands and write
commands from the host, and to execute the read commands and the write
commands by transferring associated data between the host and the NAND flash
memory; and

each read command directed to the SSD is accompanied by a logical read address, each
logical read address has a first address portion which identifies one of the zones
according to a value of the first portion, and a second address portion which
identifies a physical memory location in the SSD in a manner that depends on the

first address portion.

8. (Currently amended) The SSD of claim 1 wherein the logic further operates s

further-eperable to:

store information identifying a number of zones comprising the NAND flash memory and
to transmit, to the host, information identifying the number of zones and sizes of

the zones; and
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receive, from the host, data access commands which are dependent, for the specified
zone, on the information transmitted to the host identifying the number and the

sizes of the zones.

9. (Currently amended) The SSD of claim 8 wherein the logic further operates s
further-eperable to:
in response to a maintenance command from the host directed to the specified zone, issue
erase commands to the erase units in the specified zone, wherein the issued erase
commands are based on the size of the specified zone in accordance with the

information transmitted to the host.

10.  (Original) The SSD of claim 1 wherein the flash memory comprises multiple dies

of flash memory and the erase units on different planes are also in different dies.

11.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-eperable to, upon the performance of the multi-plane write, update the metadata to

indicate an amount of unerased host accessible space in the specified zone.

12.  (Currently amended) The SSD of claim 11 wherein the logic further operates s
further-eperable to: upon the performance of the multi-plane write, detect that the specified zone
contains no erased host accessible space; and, in response to said detection, transition the

specified zone to a full state.

13. (Currently amended) The SSD of claim 12 wherein the logic further operates s

further-operable to receive a command from the host; and, in response to said command, transmit
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to the host information representing the full state of the specified zone and an amount of erased

host accessible space in the specified zone that is available for writing by the host.

14.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-operable to receive a maintenance command directed to the specified zone and, in
response to the maintenance command, erase host accessible space only within the specified

zone and transition the specified zone to an empty state.

15.  (Currently amended) The SSD of claim 1 wherein the metadata is dependent on
an erase count for the specified zone; and the logic further operates isfurtheroperable to
compare the metadata with at least one threshold for erase count, wherein making the

notification available to the host is dependent on the comparison.

16.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-operable to:
in response to a maintenance command from the host directed to the zone start logical
block address of the specified zone, perform an erase of erase units in the
specified zone, and transition a state of the specified zone to an empty state
whereby all host accessible pages of the specified zone are available for writing

by the host.

17. (Original) The SSD of claim 16 wherein the maintenance command from the host

is in response to the notification that recommends performing maintenance on the specified zone.
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18. (Currently amended) The SSD of claim 16 wherein the metadata is dependent on
erase counts for erase units in the specified zone; and the logic further operates is-Ffarther

eperable to update the metadata responsive to performance of the erase.

19. (Original) The SSD of claim 16 wherein performing the erase of erase units in the
specified zone comprises performing the erase on erase units of different planes in the specified

zone.

20.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-eperable to, in response to a read command from the host to read data from sequential
addressing of the specified zone, perform a multi-plane read of said data from erase units on
different planes in the specified zone using a common page address for the respective erase units

on the different planes.

21.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-eperable to, in response to a write command from the host to the zone start logical block
address of the specified zone: assign a logical block address within the range of logical block
addresses of the specified zone, transfer data from the host to the specified zone at the assigned

logical block address, and return the assigned logical block address to the host.

22.  (Currently amended) The SSD of claim 1 wherein the metadata is dependent on

wear of the erase units and the logic further operates isfurther-operable to, in response to a

command from the host, transmit to the host information based on such metadata.
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23. (Currently amended) The SSD of claim 1 wherein the logic further operates is
further-eperable to, in response to a command from the host, transmit to the host information

dependent on wear for the specified zone.

24. (Currently amended) The SSD of claim 1 wherein the metadata is dependent on a
time period since data was written to the specified zone; and the logic further operates isfurther
operable to compare the metadata with at least one threshold, wherein making the notification

available to the host is dependent on the comparison.

25.  (Original) The SSD of claim 24 wherein comparing the metadata with at least one

threshold and making the notification available to the host are unsolicited by the host.

26.  (Currently amended) The SSD of claim 1 wherein logic further operates +s-further
eperable to, in response to a command from the host, transmit to the host information dependent

on a time period since data was written to the specified zone.

27.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-operable to detect a failure condition of one of the erase units of the specified zone and

transmit to the host the zone start logical block address and a state of the specified zone.

28.  (Currently amended) The SSD of claim 1 wherein the logic further operates s
further-eperable to detect a failure condition of one of the erase units of the specified zone and,
in response to a write command from the host within the range of logical block addresses of the

specified zone, transmit to the host a notification of a write failure.

29. (Original) The SSD of claim 1 wherein the metadata is dependent on read errors

detected for the specified zone.
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30. (Currently amended) A method for providing a host with access to an SSD that

contains logic and non-volatile memory comprising NAND flash memory, the logic comprising

circuity and/or a processor executing instructions, and the NAND flash memory comprising a

plurality of erase units and each erase unit comprising a plurality of pages, the method
comprising, at the SSD:
dividing the flash memory into zones; wherein the zones are non-overlapping
subdivisions of the flash memory, each zone comprises two or more erase units,
the erase units in each zone are on two or more different planes, and each zone is
associated with a zone start logical block address and a range of logical block
addresses;
in response to a write command from the host to write data to the range of logical block
addresses of a specified zone, performing a multi-plane write of said data to erase
units on different planes in the specified zone using a common page address for
the respective erase units on the different planes;
generating metadata based on accessing and maintenance of erase units in the specified
zone, and
based on the metadata, making a notification available to the host that recommends
performing maintenance on the specified zone, wherein the recommendation is
associated with the zone start logical block address of the specified zone;
wherein the SSD and the host communicate over a host interface, using commands from

a Non-Volatile Memory Express (NVMe) standard.
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REMARKS
Claims 1-30 were pending in this application, and claims 1 and 30 were the independent

claims.

STATEMENT OF SUBSTANCE OF INTERVIEW

Applicant’s representative Mike Farn (Reg. No. 41,015) conducted a telephonic interview
with Examiner Bataille on Dec 19, 2022. During the interview, pending claims 1 and 30, and the
rejections to those claims under 35 U.S.C. § 112 and § 101 were discussed. An agreement was

reached that the claim amendments herein would overcome these rejections.

OBJECTIONS TO THE CLAIMS

Claims 1-30 were objected to because of various informalities, which are addressed as
follows:

In claim 1, "flash memory" is deleted from the phrase "wherein the logic and the flash
memory are operable to."

In all applicable claims, "is operable to" is replaced by "operates to."

Claim 30 is amended so that the logic is always tangible.

REJECTIONS UNDER 35 U.S.C. § 112(b) or pre-AIA 35 U.S.C. § 112 second paragraph

Claims 1-30 were rejected under 35 U.S.C. § 112(b) or 35 U.S.C. § 112 (pre-AlA),
second paragraph, for not specifically pointing out and distinctly claiming the subject matter that
the Applicant regards as the invention. As agreed with the Examiner, these rejections are

overcome by replacing "is operable to" with "operates to."

10
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REJECTIONS UNDER 35 U.S.C. § 101

Claim 30 was rejected under 35 U.S.C. § 101 as directed to non-statutory subject matter.
In view of the following, these rejections should be withdrawn. As agreed with the Examiner,

this rejection is overcome by specifying that the logic is tangible.

DOUBLE PATENTING REJECTION

Claims 1-30 are provisionally rejected on the ground of nonstatutory double patenting as
being unpatentable overclaims 1-23 and 25-28 of copending Application No. 17/563,481. If the
claims are deemed otherwise allowable, the Examiner is requested to contact the attorney of

record, and Applicant will then file an e-terminal disclaimer.

11
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CONCLUSION

Based on the foregoing, the application is in condition for allowance of all claims, and a
Notice of Allowance is respectfully requested. If the examiner believes for any reason direct
contact would help advance the prosecution of this case to allowance, the examiner is
encouraged to telephone the undersigned at the number given below.

If extensions of time are necessary to prevent abandonment of this application, then such
extensions of time are hereby petitioned under 37 CFR 1.136(a), and any fees required therefore

are hereby authorized to be charged to our Deposit Account 19-2555.

Respectfully submitted,

Dated: Jan 6, 2023 / Michael W. Farn /
Michael W. Farn, Reg. No. 41,015
FENWICK & WEST LLP
801 California Street
Mountain View, CA 94041
Phone: (650) 335-7823
Fax: (650) 938-5200

12
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Application No. Applicant(s)
17/877,881 Kuzmin et al.
; Y - Examiner Art AlA (First Inventor Page
Applicant-Initiated Interview Summary PIERRE MICHEL Unit to File) Status
BATAILLE 2136 | Yes 1of2

PIERRE MICHEL BATAILLE Primary Examiner Telephonic
MICHAEL W FARN

Date of Interview: 19 December 2022

Issues Discussed:

35U.S.C. 101

Applicant and examiner discussed the rejection under 101 and came with agreement to amend claim 30
by incorporating logic to execute programming instructions, in order to overcome the rejection.

35U.8.C. 112

Applicant and examiner discussed the rejection under 112 and came with agreement to amend the
claims replacing the phrase "operable to" with actual functional language. Applicant is to provide an
amendment for the examiner to look at before filing official response.

Non-statutory Double Patenting

Applicant and examiner discussed the double patenting rejection and proposed filing a terminal
disclaimer to overcome the rejection.

/PIERRE MICHEL BATAILLE/
Primary Examiner, Art Unit 2136

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this
interview summary form, whichever is later, to file a statement of the substance of the interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20221219
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Application No. Applicant(s)
17/877,881 Kuzmin et al.
; Y - Examiner Art AlA (First Inventor Page
Applicant-Initiated Interview Summary PIERRE MICHEL Unit to File) Status
BATAILLE 2136 | Yes 20f2

and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20221219
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
PTOC@Fenwick.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/877,881 Kuzmin et al,
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
PIERRE MICHEL BATAILLE 2136 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 07/29/2022.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(] This action is FINAL. 2b) [v] This action is non-final.

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

4)[O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-30 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (O Claim(s) ___is/are allowed.
7) Claim(s) 1-30 is/are rejected.
8) [0 Claim(s) ____is/are objected to.
9) (O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(0J The specification is objected to by the Examiner.
11)» The drawing(s) filed on 07/29/2022 is/are: a)¥) accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)o Al b)(d Some**  ¢)(J None of the:
1.(] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [J Other:
Paper No(s)/Mail Date 08/02/2022, —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20220926
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Application/Control Number: 17/877,881 Page 2
Art Unit: 2136

Notice of Pre-AlA or AIA Status
1. Page 4 of the Application Data Sheet (ADS) states: “This application (1) claims priority to
or the benefitof an application filed before March 16, 2013 and (2) also contains, or contained
at any time, a claim to a claimedinvention that has an effective filing date on or after March 16,
2013. Therefore, based on the statementunder 37 CFR 1.55 or 1.78, the presentapplication,
filedonor after March 16, 2013, is beingexamined underthe first inventorto file provisions of
the AIA.

e Claims1-30 are pendingin the application underprosecution and have been
examined.

e The specification has not been checked to the extent necessaryto determine the
presence of all possible minorerrors.

e The specificationshould be amended to reflect the status of all related application,
whether patented or abandoned. Therefore, applications noted by their serial
number and/or attorney docket numbershould be updated with correct serial
number and patent number if patented.

e The firstinstance of all acronyms or abbreviationshould be spelled out for clarity,

whetheror not considered well knowninthe art.

In the response to this Office action, the Examiner respectfully requests that support be

shown for language added to any original claims on amendment and any new claims. That is,

indicate support for newly added claimlanguage by specifically pointingto page(s) and line

Samsung Ex. 1002, Page 204 of 393



Application/Control Number: 17/877,881 Page 3
Art Unit: 2136

numbers inthe specification and/or drawingfigure(s). This will assistthe Examinerin
prosecuting this application.

37 C.F.R. § 1.83(a) requiresthe Drawings to illustrate or show all claimedfeatures.
Applicant must clearly point out the patentable novelty that they think the claims present, in
view of the state of the art disclosed by the referencescited or the objections made, and must

also explain how the amendments avoid the references or objections. See 37 C.F.R. § 1.111(c).

Claim Objections
2. Claims 1-30 are objected to because of the followinginformalities:

o C(Claim1 states: “whereinthe logicand the flash memory are operable to”.

Itis unclear how the flash memory performs the recited functions: divide ..., write ...,

generate ..., and make modification...

e The clause “operable to” is relative. Thereis no clear indication that the functions
are executed.

e (Claims2-29 (dependentdirectly orindirectly upon claim 1) repeat the recitation “the
logic further operable”. There is no clear indication that the functions are executed
inthe claims.

e (Claim30 is abstract ideabecause there is no logic to perform the functions, as
recited.

Appropriate correction is required.

Claim Rejections - 35 USC § 112

3. The followingis a quotation of 35 U.S.C. 112(b):
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Application/Control Number: 17/877,881 Page 4
Art Unit: 2136

(b) CONCLUSION.—The spedfication shallcondude withone or more claims particularly pointing out
and distinctly claimingthe subject matter which the inventor or a joint inventor regards as the
invention.

The followingis a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointingout and distinctly
claimingthe subject matter whichthe applicantregards as hisinvention.

4, Claims 1-30 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as failingto set forth the subject matter which the inventorora jointinventor, or
for applications subjectto pre-AlA35 U.S.C. 112, the applicant regards as the invention.

The presence of the clause “operable to” in “wherein the logic and the flash memory are
operableto ... “ rendersthe claimsindefinite.

In the case of “operable to” repeated throughout the claims, there is no affirmative
limitations because they are merelyindicating the recited logic and flash memory might be
usedor operable.

Claim Rejections - 35 USC § 101

5. 35 U.S.C. 101 reads as follows:

Whoeverinvents or discovers any new and useful process, machine, manufacture,or composition of
matter, oranynew and useful improvement thereof, mayobtain a patent therefor, subject to the
conditions and requirements of thistitle.

Claim 30 is rejected under35 U.S.C. 101 because the claimedinvention (is directedto a
judicial exception (i.e., alaw of nature, a natural phenomenon, or an abstract idea) without
significantly more. Claim 30 is directed to elementforor function:

“method for providinga host with access to an SSD that contains non-volatile memory

comprising NAND flash memory, the NAND flash memory comprising a plurality of erase units
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and each erase unit comprisinga plurality of pages, the method comprising, at the SSD: dividing
the flash memory into zones; ...
performinga multi-plane write of said data to erase units on differentplanes ...
generating metadata based on accessing and maintenance ...”

making a notification available to the host that recommends performing maintenance

The claim does not include additional elements that are sufficienttoamount to
significantly more than the judicial exception because the claim direct toward an abstract idea

of usinga function, without corresponding hardware to carry the function. See MPEP 2106 II.

Double Patenting
6. The nonstatutory double patentingrejectionis based on a judicially created doctrine
grounded in public policy (a policy reflectedin the statute) so as to prevent the unjustified or
impropertimewise extension of the “right to exclude” granted by a patent and to prevent
possible harassment by multiple assignees. A nonstatutory double patenting rejectionis
appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined
application claim is either anticipated by, or would have been obvious over, the reference
claim(s).See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir.1998); In re Goodman,
11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed.
Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d

438, 164 USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).
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A timelyfiledterminal disclaimerin compliance with 37 CFR 1.321(c) or 1.321(d) may be
used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent eitheris shown to be commonly owned with the
examined application, orclaims an invention made as a result of activities undertaken within
the scope of a jointresearch agreement. See MPEP § 717.02 for applications subjectto
examination underthe firstinventorto file provisions of the AlA as explainedin MPEP § 2159.
See MPEP § 2146 et seq. for applications not subjectto examination underthe first inventorto
file provisions of the AlIA. A terminal disclaimermust be signed incompliance with 37 CFR
1.321(b).

The USPTO Internetwebsite contains terminal disclaimerforms which may be used.
Please visit www.uspto.gov/patent/patents-forms. The filing date of the applicationin which
the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimermay be filled out completely
online usingweb-screens. An eTerminal Disclaimerthat meetsall requirementsis auto-
processed and approved immediately upon submission. Formore information about eTerminal

Disclaimers, referto www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

7. Claims 1-30 are provisionally rejected on the ground of nonstatutory double patenting
as being unpatentable overclaims 1-23 and 25-28 of copending Application No. 17/563,481.
Althoughthe claims at issue are not identical, they are not patentably distinct from each other
because:claims 1-23 and 25-286 of application (481) anticipate claims 1-30 of the instant

application
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This is a provisional nonstatutory double patentingrejection.

Claim 1 (17/877,881)

Claim 1 (17/563,481)

A solid state storage drive (SSD) comprising:
a host interface configured to
communicate with a host using commands
from a Non-Volatile Memory Express (NVMe)
standard; non-volatile memory comprising
NAND flash memory, the NAND flash
memory comprisinga plurality of erase units

and each erase unit comprisinga plurality of

pages;

logic coupledto the host interface and to
the flash memory, wherein the logic
comprises at least one of hardware logic and
software logic, and communicates with the

host via the host interface using NVMe

A storage apparatus comprising:
at least one host processor; and
one or more storage drives, a given one of

the one or more storage drives comprising

flash memory having planes, each of the

planes having erase units, each of the erase

units being associated with exactly one of the

planes, the flash memory beingorganized so
as to have subdivisions corresponding to
respective, mutually-exclusive sets of the
erase units, each of the mutually-exclusive
sets comprising erase units that are in
respective ones of the planes

whereinthe given one of the one or more
storage drives further comprises circuitry to
transmit to the at least one host processor
information representing one or more of the
subdivisions of the given one of the one or

more storage drives, to identify associated
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commands; whereinthe logicand the flash
memory are operable to: divide the flash
memory into zones;

whereinthe zonesare non-overlapping
subdivisions of the flash memory, each zone
comprises two or more erase units, the erase
unitsin at leastone zone are on two or more
different planes, and each zone is associated
with a zone start logical blockaddress and a
range of logical block addresses;
in response to a write command from the
host to write data within the range of logical
block addresses of a specified zone, perform
a multi-plane write of said data to erase units
on different planesinthe specified zone
using a common page address for the
respective erase unitson the different
planes; generate metadata based on
accessing and maintenance of erase unitsin

the specified zone; and

subdivision size and associated subdivision

logical address,

store metadata respective to the
subdivisions of the given one of the one or
more storage drives, identify aneed for
maintenance for one of the subdivisions of

the given one of the one or more storage

drives dependentonthe respective
metadata, and a logical address associated

with the need for maintenance inthe one of

the subdivisions, and transmitto the at least

one host processor the logical address

associated withthe need for maintenance;

and
whereinthe at leastone host processor is

to transmit a maintenance command to the

given one of the one or more storage drives,

the maintenance command being addressed

to the one of the subdivisions for which the
need for maintenance was identified, to

cause the given one of the one or more

storage drives to responsively erase twoor
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based on the metadata, make a notification more of the erase units corresponding to the

available to the host that recommends one of the subdivisions for which the need
performing maintenance on the specified for maintenance was identified, including
zone, whereinthe recommendationis erase unitsin at least two different ones of
associated with the zone start logical block the planes

address of the specified zone.

Conclusion
8. The prior art made of record and not relied uponis considered pertinenttoapplicant's
disclosure.
Y. -H. Chang, W. -L. Lu, P.-C.Huang, L. -J. Lee and T. -W. Kuo, "An Efficient FTL
Design for Multi-chipped Solid-State Drives," 2010 IEEE 16th International Conference
on Embedded and Real-Time Computing Systems and Applications, 2010, pp. 237-246.
US 11,307,995 teachingstorage device comprising: flash memory having physical
erase units;and circuitry to, for each of incoming data write requests: derive, from
incoming address information, first, second and third address portionidentifyingan
addressed block; and the circuitry to identify one of the physical erase units that
corresponds to the identified logical erase unit, and program associated data into the
identified one of the physical erase units.
US 20130166825 (KIM et al) teaching method of controllinga non-volatile
memory device having multiple planesincluding sequentially transmitting datasets

stored at respective bufferaddresses to page buffers, respectively, of the planes, and
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programming in parallel at least two data sets stored inrespective page buffersto
memory cells of the non-volatile memory device.

US 7,631,138 (Gonzalezet al) teaching memory system having non-volatile
memory cells arranged in blocks as a unitof erase, pages thereinas a unit of data
programming and reading, and planes of a plurality of blocks that are independently
accessible,; determining that more than said given number of one or more units of data
having consecutive logical addresses are being received, writing the more than said
given number of units of data in parallelinto pages withintwo or more blocks of one of
the metablocksin two or more planes.

US 9,710,377(Wayda et al) teaching managing multi-drive, multi-die or multi-
plane NAND flash memory wherein a host directly assigns physical addresses and
performs logical-to-physical address translationin a manner that reduces or eliminates
the needfor executing multiple of the same functions.

US 2015/0134930 (Huang et al) teaching memory-mapping an information unit
(such as a file) into virtual memory such that the information unit is stored on a bulk-
erase type block storage device usinga single level of address translation, eliminating
the needfor the storage device to perform separate and independent address
mappings.

Conclusion
9. Any inquiry concerning this communication or earliercommunications from the
examinershouldbe directed to PIERRE MICHEL BATAILLE whose telephone numberis (571)272-

4178. The examiner can normally be reached Monday - Thursday 7-6 ET.
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Examinerinterviews are available via telephone, in-person, and video conferencing
using a USPTO supplied web-based collaborationtool. To schedule an interview, applicantis
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examinerby telephone are unsuccessful, the examiner’s
supervisor, Charles Rones can be reached on (571) 272-4085. The fax phone numberfor the
organizationwhere this application or proceedingis assignedis 571-273-8300.

Information regarding the status of published orunpublished applications may be
obtained from Patent Center. Unpublished applicationinformationin Patent Centeris available
to registered users. To file and manage patent submissionsinPatentCenter, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-centerfor
more information about Patent Centerand https://www.uspto.gov/patents/docx for
informationabout filingin 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.

/PIERRE MICHEL BATAILLE/
Primary Examiner, Art Unit 2136
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Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L1 3 ("20200201789" (US-PGPUB; USPAT) |OR ON ON 2022/09/26
"20200169383" 05:38 AM
"20200125501").pn.

L2 15647 "Non- Volatile Memory |(US-PGPUB; USPAT) |OR ON ON 2022/09/26
Express" OR NVMe 06:34 AM

L3 120 Andrey near1 (US-PGPUB; USPAT; |OR ON ON 2022/09/26
KUZMIN.in. James USOCR; FIT (AU, AP, 06:35 AM
near1 WAYDA.in. AT, BE, BG, BR, BY,

CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L4 0 L3 AND L2 AND (USOCR; FIT (AU, AP, |OR ON ON 2022/09/26
multiplane AND AT, BE, BG, BR, BY, 06:37 AM
common near3 page CA,CH, CN, Cs, CU,
near2 address CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L5 0 L3 AND L2 AND (US-PGPUB; USPAT) |OR ON ON 2022/09/26
multiplane AND 06:37 AM
common near3 page
near2 address

L6 2 L3 AND L2 AND (US-PGPUB; USPAT) |OR ON ON 2022/09/26
multiplane 06:37 AM

L7 2 L3 AND multiplane (US-PGPUB; USPAT) |OR ON ON 2022/09/26

06:39 AM

L8 682 eras$ near3 (block OR [(USOCR; FIT (AU, AP, |OR ON ON 2022/09/26
unit) WITH two near3 AT, BE, BG, BR, BY, 06:59 AM
(plane OR storage OR [CA, CH, CN, CS, CU,
memory) AND logical CZ, DD, DE, DK, EA,
near3 address EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,

IT, JP, KR, LT, LU, LV,
09/26/2022 09:28:29 PM Page 1 of 8
Workspace: 16886978 PB
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MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L9 24 L8 AND eras$ near5 (USOCR; FIT (AU, AP, |OR ON ON 2022/09/26
address AND common |AT, BE, BG, BR, BY, 07:00 AM
near3 address CA,CH, CN, CSs, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L10 3 L8 AND eras$ WITH (USOCR; FIT (AU, AP, |OR ON ON 2022/09/26
address WITH common (AT, BE, BG, BR, BY, 07:00 AM
near3 address CA, CH, CN, CS, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L11 494 eras$ near3 (block OR [(US-PGPUB; USPAT) |OR ON ON 2022/09/26
unit) WITH two near3 07:00 AM
(plane OR storage OR
memory) AND logical
near3 address

L12 18 L11 AND eras$ near5 |(US-PGPUB; USPAT) |OR ON ON 2022/09/26
address AND common 07:00 AM
near3 address

L13 15 L11 AND eras$ WITH |(US-PGPUB; USPAT) |OR ON ON 2022/09/26
address WITH common 07:01 AM
near3 address

L14 36 17/563,467 17/563,481 [(US-PGPUB; USPAT) (OR ON ON 2022/09/26
16/794,805 16/570,922 05:14 PM
15/621,888 16/751,925

L15 38 ("11334479" "9710377" [(US-PGPUB; USPAT) [(OR ON ON 2022/09/26
"11216365" "11314636" 05:23 PM
"9229854" "9519578"

"10445229" "11188457"
08/26/2022 09:28:29 PM Page 2 of 8

Workspace: 16986978 _
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"11288203" "8954708"
"11003586"
"20130166825"
"20180203774"
"10248515"
"20210405898"
"11269781" "11237978"
"20160070507"
"20220269440"
"20180336139"
"10915458" "11226903"
"11137920" "8504798"
"11100006"
"20140258596"
"10642748"
"20180121134"
"20110107013"
"20220214808"
"20130132646"
"9189389" "9053009"
"20090216938"
"11347657" "10394489"
"11416413"
"11275695").pn.

L16 21 ("8954708" (US-PGPUB; USPAT) |OR ON ON 2022/09/26
"20130166825" 05:28 PM
"8504798"

"20110107013"
"20130132646"
"9053009"
"20090216938"
"8316175"
"20050144358"
"8117380"
"20070245070"
"7870328"
"20100277968"
"20100042774"
"8400814"
"20130173847"
"8775722"
"20090019217"
"7913061"
"20050141313"
"20100023672").pn.

L19 1627 logical near3 address (USOCR; FIT (AU, AP, |OR ON ON 2022/09/26
WITH (plane OR range |AT, BE, BG, BR, BY, 06:55 PM
OR zone) AND (storage [CA, CH, CN, CS, CU,

OR drive) near3 (divid$ [CZ, DD, DE, DK, EA,
OR subdivid$ OR EE, EP, ES, FI, FR, GB,
sub?divid$ OR HR, HU, ID, IE, IL, IS,
subdivis$) IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
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VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L20 2 L19 AND generat$ (USOCR; FIT (AU, AP, [OR ON ON 2022/09/26
near3 metadata AND AT, BE, BG, BR, BY, 06:56 PM
maintenan$ near3 CA, CH, CN, CS, CcU,

(need OR necessit$) CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L21 1598 logical near3 address  |(US-PGPUB; USPAT) |OR ON ON 2022/09/26
WITH (plane OR range 06:57 PM
OR zone) AND (storage
OR drive) near3 (divid$
OR subdivid$ OR
sub?divid$ OR
subdivis$)

L22 10 L21 AND generat$ (US-PGPUB; USPAT) [OR ON ON 2022/09/26
near3 metadata AND 06:58 PM
maintenan$ near3
(need OR necessit$)

L23 0 (common OR single) (USOCR; FIT (AP, AT, |OR ON ON 2022/09/26
near3 address WITH AU, BE, BG, BR, BY, 08:22 PM
(write OR erase) near6 [CA, CH, CN, CS, CU,

(multi?plane OR CZ, DD, DE, DK, EA,
multi?zone OR EE, EP, ES, FI, FR, GB,
multiplane OR HR, HU, ID, IE, IL, IS,
multizone) AND IT, JP, KR, LT, LU, LV,
generat$ near3 MA, MC, MD, MY, NL,
metadata AND NO, NZ, OA, PH, PL,
maintenan$ near3 PT, RO, RS, RU, SE,
(need OR necessit$) SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L24 9 (common OR single) (US-PGPUB; USPAT) |OR ON ON 2022/09/26
near3 address WITH 08:23 PM
(write OR erase) near6
(multi?plane OR
multi?zone OR
multiplane OR
multizone) AND
generat$ near3
metadata AND
maintenan$ near3
(need OR necessit$)

L25 0 (common OR single) (USOCR; FIT (AP, AT, |OR ON ON 2022/09/26
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near3 address WITH AU, BE, BG, BR, BY, 08:25 PM
(write OR erase) near6 |[CA, CH, CN, CS, CU,
(multi?plane OR CZ, DD, DE, DK, EA,
multi?zone OR EE, EP, ES, FI, FR, GB,
multiplane OR HR, HU, ID, IE, IL, IS,
multizone) AND logical |IT, JP, KR, LT, LU, LV,
near4 (page OR block) [MA, MC, MD, MY, NL,
near3 address NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L26 36 (common OR single) (US-PGPUB; USPAT) |OR ON ON 2022/09/26
near3 address WITH 08:25 PM
(write OR erase) near6
(multi?plane OR
multi?zone OR
multiplane OR
multizone) AND logical
near4 (page OR block)
near3 address
L27 0 eras$ near3 unit WITH [(USOCR; FIT (AP, AT, |OR ON ON 2022/09/26
different adj2 (storage [AU, BE, BG, BR, BY, 08:31 PM
OR memor$) AND CA,CH,CN, CS, CU,
(common OR single) CZ, DD, DE, DK, EA,
near3 address WITH EE, EP, ES, FI, FR, GB,
(write OR erase) near6 [HR, HU, ID, IE, IL, IS,
(multiblock OR IT, JP, KR, LT, LU, LV,
multi?block OR multi$ [MA, MC, MD, MY, NL,
and1 (storage OR drive |NO, NZ, OA, PH, PL,
OR memory)) PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L28 0 eras$ near3 unit WITH [(US-PGPUB; USPAT) |OR ON ON 2022/09/26
different adj2 (storage 08:32 PM
OR memor$) AND
(common OR single)
near3 address WITH
(write OR erase) near6
(multiblock OR
multi?block OR multi$
and1 (storage OR drive
OR memory))
L29 102 eras$ near3 unit WITH [(US-PGPUB; USPAT) |OR ON ON 2022/09/26
(storage OR memor$) 08:32 PM
AND (common OR
single) near3 address
WITH (write OR erase)
near6 (multiblock OR
multi?block OR multi$
and1 (storage OR drive
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L30 13 eras$ near3 unit WITH [(US-PGPUB; USPAT) [OR ON ON 2022/09/26
(storage OR memor$) 08:39 PM
AND (common OR
single) near3 address
WITH (write OR erase)
near6 (multiblock OR
multi?block OR multi$
AND (storage OR drive
OR memory))

L31 47220 G06F12/1009.CPC. (US-PGPUB; USPAT; [OR ON ON 2022/09/26
G06F12/0292.CPC. USOCR; FIT (AP, AT, 09:03 PM
G06F9/45545.CPC. AU, BE, BG, BR, BY,

G06F12/1036.CPC. CA, CH,CN, CS, CU,

G06F2009/45583.CPC. [CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP,KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L32 6 L31 AND eras$ near3 [(USOCR; FIT (AP, AT, |OR ON ON 2022/09/26
unit WITH (storage OR (AU, BE, BG, BR, BY, 09:03 PM
memor$) AND CA, CH, CN, CS, CU,

(common OR single) CZ, DD, DE, DK, EA,
near3 address WITH EE, EP, ES, FI, FR, GB,
(write OR erase) near6 [(HR, HU, ID, IE, IL, IS,
(multiblock OR IT, JP, KR, LT, LU, LV,
multi?block OR multi$ [MA, MC, MD, MY, NL,
and1 (storage OR drive |NO, NZ, OA, PH, PL,
OR memory)) PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L33 35 L31 AND eras$ near3 |[(US-PGPUB; USPAT) |OR ON ON 2022/09/26
unit WITH (storage OR 09:03 PM
memor$) AND
(common OR single)
near3 address WITH
(write OR erase) near6
(multiblock OR
multi?block OR multi$
and1 (storage OR drive
OR memory))

PE2E SEARCH - Search History (Interference)

Ref # Hits Search Query DBs Default Plurals British Time Stamp

Operator Equivalents
N1 27 (eras$ near3 (block OR [(US-PGPUB; USPAT) |OR ON ON 2022/09/26
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N3

N4

N5

N6

N7

N8

61

329

10

unit) WITH two near3
(plane OR storage OR
memory) AND logical
near3 address).cim.

(logical near3 address
WITH (plane OR range
OR zone) AND (storage
OR drive) near3 (divid$
OR subdivid$ OR
sub?divid$ OR
subdivis$)).clm.

((common OR single)
near3 address WITH
(write OR erase) near6
(multi?plane OR
multi?zone OR
multiplane OR
multizone) AND
generat$ near3
metadata AND
maintenan$ near3
(need OR
necessit$)).clm.

((common OR single)
near3 address WITH
(write OR erase) near6
(multi?plane OR
multi?zone OR
multiplane OR
multizone) AND logical
near4 (page OR block)
near3 address ).cim.

((common OR single)
near3 address WITH
(write OR erase) near6
(multiblock OR
multi?block OR multi$
and1 (storage OR drive
OR memory)) ).cim.

(eras$ near3 unit WITH
different adj2 (storage
OR memor$) AND
(common OR single)
near3 address WITH
(write OR erase) near6
(multiblock OR
multi?block OR multi$
and1 (storage OR drive
OR memory)) ).cim.

(eras$ near3 unit WITH
(storage OR memor$)
AND (common OR
single) near3 address
WITH (write OR erase)
near6 (multiblock OR
multi?block OR multi$

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

06:57 AM

2022/09/26
06:57 PM

2022/09/26
08:22 PM

2022/09/26
08:24 PM

2022/09/26
08:28 PM

2022/09/26
08:29 PM

2022/09/26
08:33 PM

09/26/2022 09:28:29 PM
Workspace: 16986978 _
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and1 (storage OR drive
OR memory)) ).cim.
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L1 3 logical WITH physical |(USOCR; FIT (AU, AP, |OR ON ON 2022/09/12
AND controller WITH AT, BE, BG, BR, BY, 06:51 PM
interleav$ WITH write CA,CH, CN, Cs, CU,

WITH read AND eras$ |CZ, DD, DE, DK, EA,

AND maintenance EE, EP, ES, FI, FR, GB,

near3 (need$ OR HR, HU, ID, IE, IL, IS,

necess$) AND IT, JP, KR, LT, LU, LV,

metadata MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 10 logical WITH physical [(US-PGPUB; USPAT) [(OR ON ON 2022/09/12
AND controller WITH 06:51 PM
interleav$ WITH write
WITH read AND eras$
AND maintenance
near3 (need$ OR
necess$) AND
metadata

L3 9858 (flash OR storage OR [(USOCR; FIT (AU, AP, [OR ON ON 2022/09/12
memory) near5 (divid$ |AT, BE, BG, BR, BY, 08:22 PM
OR subdivid$ OR CA,CH,CN, CS, CU,
sub?divid$ OR subset |CZ, DD, DE, DK, EA,

OR sub?set) AND EE, EP, ES, FI, FR, GB,

maintenance near5 HR, HU, ID, IE, IL, IS,

(identif$ OR need$ OR |[IT, JP, KR, LT, LU, LV,

necess$) MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L4 17 L3 AND (memory OR (USOCR; FIT (AU, AP, |OR ON ON 2022/09/12
storage) near3 (space |AT, BE, BG, BR, BY, 08:24 PM
OR area) AND reserv$ |CA, CH, CN, CS, CU,
near3 (size OR CZ, DD, DE, DK, EA,
capacity) AND EE, EP, ES, FI, FR, GB,
bandwidth HR, HU, ID, IE, IL, IS,

IT, JP, KR, LT, LU, LV,

MA, OA, RU, SU, WO,

MC, MD, MY, NL, NO,

NZ, PH, PL, PT, RO,

RS, SE, SG, SlI, SK,

TH, TN, TR, TW, UA,

VN); FPRS; EPO;

JPO; DERWENT;
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IBM_TDB)

L5 3070 (flash OR storage OR  |(US-PGPUB; USPAT) |OR ON ON 2022/09/12
memory) near5 (divid$ 08:25 PM
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set) AND
maintenance near5
(identif$ OR need$ OR
necess$)

L6 63 L5 AND (memory OR  |(US-PGPUB; USPAT) |OR ON ON 2022/09/12
storage) near3 (space 08:25 PM
OR area) AND reserv$
near3 (size OR
capacity) AND
bandwidth

L7 23 ((flash OR storage OR |(USOCR; FIT (AP, AT, |OR ON ON 2022/09/12
memory) near5 AU, BE, BG, BR, BY, 08:28 PM
maintenance AND CA, CH, CN, Cs, CU,

(divid$ OR subdivid$ CZ, DD, DE, DK, EA,
OR sub?divid$ OR EE, EP, ES, FI, FR, GB,
subset OR sub?set) HR, HU, ID, IE, IL, IS,
AND maintenance IT, JP, KR, LT, LU, LV,
near5 (identif$ OR MA, MC, MD, MY, NL,
need$ OR necess$)) NO, NZ, OA, PH, PL,
AND reserv$ near3 PT, RO, RS, RU, SE,
(size OR capacity) AND |SG, SI, SK, SU, TH,
bandwidth TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L8 96 ((flash OR storage OR |(US-PGPUB; USPAT) |OR ON ON 2022/09/12
memory) near5 08:28 PM
maintenance AND
(divid$ OR subdivid$
OR sub?divid$ OR
subset OR sub?set)

AND maintenance
near5 (identif$ OR
need$ OR necess$))
AND reserv$ near3
(size OR capacity) AND
bandwidth

L9 35 L8 AND erase$ near3 [(US-PGPUB; USPAT) |OR ON ON 2022/09/12
unit AND physical near3 08:30 PM
plane AND logical

L10 625 (flash OR storage OR  |(USOCR; FIT (AP, AT, |OR ON ON 2022/09/12
memory) WITH plane  |AU, BE, BG, BR, BY, 09:26 PM
AND (memory OR CA, CH, CN, Cs, CU,
storage) near5 (divid$ |CZ, DD, DE, DK, EA,

OR subdivid$ OR EE, EP, ES, FI, FR, GB,
sub?divid$ OR subset |HR, HU, ID, IE, IL, IS,

OR sub?set) AND IT, JP, KR, LT, LU, LV,

maintenance near5 MA, MC, MD, MY, NL,

(identif$ OR need$ OR |NO, NZ, OA, PH, PL,

necess$) PT, RO, RS, RU, SE,

SG, Sl, SK, SU, TH,
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TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L11 0 L10 AND eras$ WITH |(USOCR; FIT (AP, AT, |OR ON ON 2022/09/12
host WITH size WITH |AU, BE, BG, BR, BY, 09:27 PM
logical near2 address$ |CA, CH, CN, CS, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L12 2 L10 AND eras$ WITH [(USOCR; FIT (AP, AT, |OR ON ON 2022/09/12
size WITH logical near2 (AU, BE, BG, BR, BY, 09:27 PM
address$ CA, CH, CN, CS, CcU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L13 426 (flash OR storage OR  |(US-PGPUB; USPAT) |OR ON ON 2022/09/12
memory) WITH plane 09:27 PM
AND (memory OR
storage) near5 (divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set) AND
maintenance near5
(identif$ OR need$ OR
necess$)

L14 25 L13 AND eras$ WITH [(US-PGPUB; USPAT) |OR ON ON 2022/09/12
size WITH logical near2 09:28 PM
address$

L15 2 maintenance near3 (USOCR; FIT (AP, AT, [OR ON ON 2022/09/12
(need$ OR necess$) AU, BE, BG, BR, BY, 09:30 PM
WITH metadata AND CA, CH, CN, CS, CcU,
wear near3 level$ AND [(CZ, DD, DE, DK, EA,

(divid$ OR subdivid$ EE, EP, ES, FI, FR, GB,
OR sub?divid$ OR HR, HU, ID, IE, IL, IS,
subset OR sub?set) IT, JP, KR, LT, LU, LV,
AND eras$ near3 (bulk |MA, MC, MD, MY, NL,
OR unit OR block) NO, NZ, OA, PH, PL,
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PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L16 5 maintenance near3 (US-PGPUB; USPAT) |OR ON ON 2022/09/12
(need$ OR necess$) 09:31 PM
WITH metadata AND
wear near3 level$ AND
(divid$ OR subdivid$
OR sub?divid$ OR
subset OR sub?set)
AND eras$ near3 (bulk
OR unit OR block)
L17 2 maintenance near3 (USOCR; FIT (AP, AT, [OR ON ON 2022/09/12
(need$ OR necess$) AU, BE, BG, BR, BY, 09:34 PM
WITH metadata AND CA, CH, CN, CS, CcU,
wear near3 level$ AND [(CZ, DD, DE, DK, EA,
(divid$ OR subdivid$ EE, EP, ES, FI, FR, GB,
OR sub?divid$ OR HR, HU, ID, IE, IL, IS,
subset OR sub?set) IT, JP, KR, LT, LU, LV,
AND logical WITH MA, MC, MD, MY, NL,
physical NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L18 5 maintenance near3 (US-PGPUB; USPAT) |OR ON ON 2022/09/12
(need$ OR necess$) 09:34 PM
WITH metadata AND
wear near3 level$ AND
(divid$ OR subdivid$
OR sub?divid$ OR
subset OR sub?set)
AND logical WITH
physical
L19 43 maintenance near5 (USOCR; FIT (AP, AT, [OR ON ON 2022/09/12
(identif$ OR need$ OR (AU, BE, BG, BR, BY, 09:57 PM
necess$) WITH (wear |CA, CH, CN, CS, CU,
near2 level$ OR eras$) |CZ, DD, DE, DK, EA,
AND (storage OR EE, EP, ES, FI, FR, GB,
memory) near5 (divid$ [HR, HU, ID, IE, IL, IS,
OR subdivid$ OR IT, JP, KR, LT, LU, LV,
sub?divid$ OR subset |MA, MC, MD, MY, NL,
OR sub?set) NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L20 37 maintenance near5 (US-PGPUB; USPAT) |OR ON ON 2022/09/12
(identif$ OR need$ OR 09:57 PM
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L23

26

necess$) WITH (wear
near2 level$ OR eras$)
AND (storage OR
memory) near5 (divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set)

("8626989"
"20120198128"
"20120198129"
"8595415"
"20090187798"
"7813212"
"20130166825"
"8954708" "7913061"
"20100306482"
"8533405" "7509471"
"7139864" "7631162"
"20030065899"
"6898662"
"20120198186"
"10048884" "8239643"
"20050141313"
"8103841"
"20090019217"
"8051257"
"20070113029"
"7793068"

"20070113030").pn.

(US-PGPUB; USPAT)

OR

ON

ON

2022/09/M12
10:16 PM

PE2E SEARCH - Search History (Interference)

Ref #
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Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1

N2

N4

12

(logical WITH physical
AND controller WITH
interleav$ WITH write
WITH read AND eras$
AND maintenance
near3 (need$ OR
necess$) AND
metadata).cim.

((flash OR storage OR
memory) near5 (divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set) AND
maintenance near5
(identif$ OR need$ OR
necess$)).cim.

(((flash OR storage OR
memory) near5
maintenance AND
(divid$ OR subdivid$
OR sub?divid$ OR

subset OR sub?set)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/09/12
06:50 PM

2022/09/112
08:21 PM

2022/09/112
08:27 PM

09/12/2022 10:42:09 PM
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N5 0

N6 1

AND maintenance
near5 (identif$ OR
need$ OR necess$))
AND reserv$ near3
(size OR capacity) AND
bandwidth).clm.

(maintenance near3
(need$ OR necess$)
WITH metadata AND
wear near3 level$ AND
(divid$ OR subdivid$
OR sub?divid$ OR
subset OR sub?set)
AND eras$ near3 (bulk
OR unit OR block)).cim.

(maintenance near5
(identif$ OR need$ OR
necess$) WITH (wear
near2 level$ OR eras$)
AND (storage OR
memory) near5 (divid$
OR subdivid$ OR
sub?divid$ OR subset
OR sub?set)).cim.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR ON

OR ON

ON

ON

2022/09/12
09:29 PM

2022/09/112
09:56 PM

09/12/2022 10:42:09 PM
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High level modelling and performance evaluation of address mapping in NAND flash memory

yeme Using Dualistic Approach on Data Blocks and Transiation Blocks

17th internstional Conderence on Embedded and Real-Time Computing 5 and Applications

...... A commitment-based management strategy for the performance and refiability enhancement of
flash- mﬁme}ry star&ge systans

A6th ACMAREE Dest

A hManagement Strategy for the Reliability and Performance improvement of MLC-Based Flash-
Memary Storage- Systems
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g

iay-1EEE Pres,

NAND Flash Memory-Based 550 Controdler Using Full Page-Associative Block Recydling
fMechanism
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Titeof | SOFTWARE

invention §
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Thiz declaration @i

is directad to- The attached application, or

E United States application or PCT infemational application number

filed on

The abova-identified application was made o authorized to be made by me.

t balieve that { am the original inventor or an origingl joint invenior of a claimad invention in the application,

I hereby acknowdedge that any willful false stalement made o this declaration is punishable under 1& US.C. 10
by fine or imprisonment of not more than five (5) yaars, or bath.

WARNING:

Pelitionar/applicant is cautionad to avoid submitting personal information in documents filad int a patent spplication that may
contribute o identity thefl. Fersonal information such as social security numbers, bank account numbers, or credit eard numbers
{other than a check or cradit card autharization form FTO-2038 submitted for payment purposes) is never requirad by the USPTO
o support & patiion or an application. If this type of persanal information is indluded 8 documents submitted to the USPTQ,
petitioners/applicants should consider redacling such personal information front the dosuments hefore submitting them to the
USPTO, Pelitionerfapplicant is advised thal the racord of a patent application is available 10 the public after pubi:caﬂcn ui the
appiication (unless & non-publication regusst in compliance with 37 CFR 1.213{) is made in the application) of issuance of a
patent. Furthermore, the record from an abandoned application may also be avaliabis o the public ¥ the apglination is
referenced in 8 published application or an issuad patant (see 37 CFR 1.14). Checks and credit oard authorization forms
FTO-2038 submitted for payment purpeses are ot retained in the application fite and therefore are not publichy available,
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teen previously fited. Use an addiions! PTO/AIAGT fonm for mach additional inverttor.

Sigristure:

This cotinction of informetion is required by 35 15.8.C. 115 and 37 CFR 1 82 The information is requinad {0 obtain or retsin g benstt by the public which is to fiw (and
oy the USPTQ 13 process) an application. Sonfidentisiity is governed by 35 U.3.C. 122 and 37 COFR 1,11 and 1.14: This colfantion is estimated o iske 1 minuie Io
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CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e} (Page 1 of 1)

;}x&j{iﬁxﬂ;mes Ar&dréy V Kuzmin ﬁ?gxrr}z;visioﬂai Application Number (if Not yet assigﬁed
Title of . . .
e Storage System with Multiplane Segments and Cooperative Flash Management

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

1. The processing fee set forth in 37 CFR 1.17(13(1) and the priorifized examination fee sef forth in
37 CFR 1.17(¢) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.48(d), is currently 30. 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. tunderstand that the application may not contain, or be amended o contain, more than four
independeant 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 10 be dismissed.

3. The applicable box is checked below:

i V1 Original Application {Track One) - Prioritized Examination under § 1.102{e}{1}

i. (&) The application is an original nonprovisional uiility application filed under 35 U.S.C. 111{a}.
This ceriification and request is being filed with the utility application via EFS-Web.
R e
{b) The application is an original nonprovisional plant application filed under 35 U.8.C. 111(a).
This certification and request is being filed with the plant application in paper.

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

. [ Reguest for Continued Examination - Prioritized Examination under § 1,102{e}{2)

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

ii. If the application is a ulility 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), or is
a national stage entry under 35 U.8.C. 371,

iv. This certification and request is being filed prior {0 the mailing of a first Office action responsive
to the reguest for continued examination.

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

sonae/MiChael W. Farn/ paeJuly 28, 2022
?}Lar‘;;]swped} Michael W. Farn ;2;3?&22? Nﬂmbe:‘41 7G€ 5

Nofe: This form must be signed in accordance with 37 OFR 1.33. See 37 OFR 1.4(d} for signature requirements and certifications.
Subimnit multiple forms if more than one signature is required.™

*Total of ONE forms are submitied.
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 83-878) requires thatl you be given cerlain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant {o the requirements of
the Act, please be advised thatl: (1) the general authorily for the collection of this information is 35 U.S.C. 2{{2); (2
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.8. Patent and Trademark Office is 10 process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.8. Patent and Trademark Office may not be able {o
process andf/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 {o the following routine uses:

1.

FEN]

~

The information on this form will be freated confidentialy to the extent allowed under the Freedom of
Information Act (8 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 Acl.

A record from this systemn of records may be disclosed, as a routing use, in the course of presenting evidence
to a court, magisiraie, or administrative tribunal, including disclusures 1o opposing counsel in ihe course of
settiement 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, o whom the record pertains, when the individual has requested assistance from
the Member with respect fo the subject matier of the record.

A record in this system of records may be disclosed, as a routine use, {0 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, pursuanito & U.S.C. 852a{m).

A record related to an International Application filed under the Patent Cooperation Treaty in this sysiem of
racords may be disclosed, as a routine use, to the international Burcau of the World Inteliectual Property
Organization, pursuant {o the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another fedaral agency for purpases
of National Security review (35 U.S.C. 181) and for review pursuant {o the Atomic Energy Act (42 US.C.
218{ch.

A record from this sysiem of records may be disclosed, as a routine use, (o the Administralor, General
Services, or hisfher designee, during an inspection of records conducied by GSA as part of that agency's
respansibility to recommend improvemnents in records management practices and programs, under authority of
44 U.S.C. 2904 and 2806. Such disclosure shall be made in acoordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., 3SA or Commerce) directive. Such
disclosure shall not be used o make determinations about individuals.

A record from this sysiem of records may be disclosed, as a rouline use, o the public afler either publication of
the application pursuant to 35 U.8.C. 122{b} or issuance of a patent pursuant {0 35 U.S8.C. 151, Further, a
racord may be disclosed, subject o 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 ferminated and which
application is referanced 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
aenforcement agency, if the USPTO becomes aware of a viclation or polential violation of law or regulation.
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STORAGE SYSTEM WITH MULTIPLANE SEGMENTS AND COOPERATIVE FLASH MANAGEMENT

[0001] This document is a continuation of US Application No. 17/563481, filed on December 28,
2021, which in turn is a continuation of US Application No. 16/751,925, filed on January 24, 2020 (issued
on April 26, 2022 as US Patent 11314636), which in turn is a continuation of US Application No.
16/570922, filed on September 13, 2019 (issued on November 30, 2021 as US Patent 11188457), which
in turn is a continuation of US Application No. 15/621888, filed on June 13, 2017 (issued on October 15,
2019 as US Patent 10445229), which in turn is a continuation of US Application No. 15/346341, filed on
November 8, 2016 (issued on July 18, 2017 as US Patent 9710377), which in turn is a continuation of US
Application No. 14/951708, filed on November 25, 2015 (issued on December 13, 2016 as US Patent
9519578), which in turn is a continuation of US Application No. 14/047193, filed on October 7, 2013
(issued on January 5, 2016 as US Patent 9229854), which in turn is a continuation in-part of US Utility
Patent Application No. 13/767723, filed on February 14, 2013 (issued on May 16, 2017 as US Patent
9652376), which in turn claims priority to US Provisional Patent Application No. 61/757464, filed on

January 28, 2013. Each of the aforementioned patent applications is hereby incorporated by reference.

[0002] This disclosure relates to storage systems and, more specifically, to the architecture and

operation of storage systems that utilize multi-die and/or multi-plane memory.

Background

[0003] NAND flash memory is one memory technology with granularity issues and latency issues
that can constrain system performance. A conventional NAND flash memory device is typically
characterized by programming and erasing latencies in the hundreds of microseconds, and little
flexibility in the quantum of write read data and write data exchanged with memory. Thus, use of this
type of memory is often characterized by substantial bus idle time and retrieval of excess data. Further,
a program/erase ("P/E") asymmetry in NAND flash memory can further complicate latency, because
data cannot be written to a previously-used memory location until an impacted erase unit ("EU") has
been erased; in turn, an EU cannot be erased until all previously-written physical pages within that EU
have been released, with still-active data being moved or scrapped as necessary. These and other
maintenance operations, typically transparently managed by a memory controller, can result in delays
occasioned by memory controller competition with host commands for memory bandwidth. Each of
these issues is not necessarily unique to NAND flash memory and, to a lesser or greater extent, can

affect different types of volatile and non-volatile memory.

Page 1 of 88
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[0004] To make more efficient use of memory, designers have increasingly turned to bus
management techniques such as interleaving requests to multiple devices to improve bus utilization and
to hide (or conceal) latency. Thus, for example, latency associated with a second memory access can be
masked against the latency associated with a first, overlapping (parallel) memory access. With NAND
flash memory in particular, multi-plane designs have emerged which permit accesses to data stored in
parallel planes or arrays (typically two), but subject to certain addressing and/or timing restrictions.
That is, because these devices typically use common input/output (10) circuitry and address circuitry to
handle requests, overlapping multi-plane access has traditionally been limited to situations where a

common or base address is used for all planes.

[0005] Unfortunately, it is difficult to realize the benefits of multi-plane or multi-die architecture at
an application or operating system level. That is to say, logical addresses typically arrive at the memory
controller from the host as a stream of random accesses, and are sequentially assigned to first available
physical space by the memory controller; as memory, particularly flash memory, is erased and recycled
via read, write, wear leveling, garbage collection and other processes, sequential logical addresses
become scattered throughout physical memory space. For multi-plane memory therefore, there is no
practical mechanism for the host or memory controller to group related data in a manner geared for
multi-plane access (i.e., there is no guarantee available physical addresses used for related data will be
consistent with device multi-plane addressing restrictions). Thus, in practice, the benefits of multi-plane
and multi-die capabilities tend to be restricted to multi-plane writes by a memory controller of
coincidentally-related data uniquely for the purpose of bandwidth management, with read access by
either the host and memory controller being inefficiently performed and largely restricted to
independent, single page accesses. For both multi-die and multi-plane designs, as channel bandwidth
continues to improve, the issues associated with a logical-to-physical translation later at the memory

controller can be expected to create additional latency.

[0006] A need therefore exists for improvements that provide additional flexibility to systems and
application designers. Ideally, such improvements would provide flexibility in storing and accessing
multiple pages of data, for example, across multiple dies or planes. Applied to multi-plane memory, a
need exists for techniques that permit effective use of multi-plane capabilities notwithstanding device
10 and addressing restrictions. The present invention satisfies these needs and provides further, related

advantages.
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Brief Description Of The Drawings

[0007] FIG. 1A is an illustrative diagram showing one or more hosts 103a/103b, a memory
controller 105 and memory 107. These elements can be implemented together as a memory system

having multiple dies and/or multiple planes.

[0008] FIG. 1B is a block diagram showing techniques associated with multi-plane or multi-die

memory requests that originate from the host.

[0009] FIG. 2A is an illustrative diagram of a host 201.

[0010] FIG. 2B is a block diagram showing host configuration and management of tables used to

perform multi-plane or multi-die space assignment, reads, writes and associated management functions.

[0011] FIG. 3Ais an illustrative diagram of a system having a memory controller 303, a host 305 and

a memory 307.

[0012] FIG. 3B is a block diagram of a solid-state drive (S5D) having a memory controller and NAND

flash memory 337.

[0013] FIG. 3Cis a block diagram of a memory controller.

[0014] FIG. 3D is a block diagram of memory controller logic used in supporting cooperative
functions.

[0015] FIG. 4 is a flow diagram that illustrates host tasks in a cooperative memory management
scheme.

[0016] FIG. 5 is a flow diagram that illustrates host tasks in a cooperative memory management
scheme.

[0017] FIG. 6 a diagram showing examples of information that can be kept by a memory controller

for each of plural physical subdivisions of memory.

[0018] FIG. 7 shows a process associated with wear-aware writes.
[0019] FIG. 8 shows a process associated with a delegated copy operation.
Page 3 of 88
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[0020]

FIG. 9 shows a process associated with an explicit erase operation (or relocation of data and

recycling of previously used memory space).

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

FIG. 10A shows a process associated with host-owned defect management.

FIG. 10B shows a process associated with shared defect management.

FIG. 10C shows a process associated with memory controller-owned defect management.

FIG. 11A shows a process associated with host-owned and shared garbage collection.

FIG. 11B shows a process associated with memory controller-managed garbage collection.

FIG. 12A shows a process associated with host-owned and shared wear leveling.

FIG. 12B shows a process associated with memory controller-managed wear leveling.

FIG 13 shows a process associated with assignment of available space at memory controller,

and ensuing reverse lookup and communication to a host of assigned physical address(es).

[0029]

FIG. 14 illustrates a block diagram of a storage server having multiple solid state drives

(SSDs) and hard disk drives (HDDs).

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

FIG. 15 illustrates a block diagram of functions performed a storage server operating system.

FIG. 16 illustrates a block diagram of storage management tasks used by a storage server.

FIG. 17 illustrates how space reclamation is applied to mitigate P/E asymmetry.

FIG. 18 illustrates a garbage collection process.

FIG. 19 illustrates a process associated with wear leveling.

FIG. 20A shows one possible format for a multi-plane request from the host to memory

controller; the request can be a write request having chained or fused single plane commands (Cmd0O

and Cmd1) and respective data for writing into like-memory locations in planes of memory.
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[0036] FIG. 20B shows another possible format for a multi-plane request from host to memory
controller; unlike the command of FIG. 20A, the command (MP/MD) of FIG. 20B is a command that

specifies a base address that will be applied to each plane used to service the request.

[0037] FIG. 20C shows a possible format for a multi-plane read request, having chained or fused

single plane commands.

[0038] FIG. 20D shows a possible format for two single plane read requests from the memory
controller to memory (separated by time "t2"), which is optionally performed in a response to a multi-

plane command received by the memory controller from the host.

[0039] FIG. 21 shows a block diagram associated with a multi-plane read request from a host.
[0040] FIG. 22 shows a block diagram associated with a multi-plane write request from a host.
[0041] FIG. 23 shows a block diagram associated with a multi-plane deallocate (or page release)

request from a host.

[0042] FIG. 24 shows a block diagram associated with a multi-plane erase request from a host.

[0043] FIG. 25 shows a block diagram associated with consolidation of multiple single planes of

data to a multi-plane block of data, orchestrated by a host.

[0044] 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 methods supporting cooperative memory
management between a host and a memory controller, and improved designs for a memory controller,
host, and memory system. 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.

Detailed Description

[0045] This disclosure provides improvements in memory controller design, memory system

Page 5 of 88
Application, 2021089 / RMS-03A2

Samsung Ex. 1002, Page 277 of 393



design, host design, and related management methods. A memory controller maintains information
pertaining to memory geometry, including dies present and/or whether memory supports multi-plane
access and/or other extended capabilities. As a non-limiting example, a memory controller can provide
data to the host which identifies multi-plane capabilities of a memory die. Optionally, the memory
controller and/or host maintain information that that tracks each physical unit of memory managed by
the memory controller. This information permits a host to track physical space allocation across
multiple dies or planes. Optionally, a logical-to-physical (L2P) translation layer can reside primarily or
entirely on a host. A host can thus be provided with the capability to control physical address
assignment to organize memory layout (e.g., to direct new writes of data based on application or system
level needs); for example, certain data types (e.g., consecutive media data) can be organized and stored
directly by the host in a manner consistent with multi-plane device addressing restrictions. Note that
the improvements discussed herein are not necessarily limited to NAND flash memory dies or devices;
as one none limiting example, these techniques can also be applied to other memory forms such as
shingled magnetic drives. Also, while these teachings are described in the context of multi-array
memory with cross-array addressing restrictions, these teachings can be applied more generally in the
case of multiple plane memory storage, e.g., to memory devices lacking addressing restrictions, multiple

planes, multiple dies or other specific memory characteristics discussed herein.

[0046] More specifically, in one implementation, a memory controller exports memory
array/die/device geometry, and therefore has an option to educate one or more hosts on multi-array,
multi-die or multi-plane capabilities of each managed memory array. This export can be effectuated, for
example, in response to an inquiry command from a host operating system during a device discovery
phase. Then, with insight into geometry, a host can organize address space in a manner geared for
improved memory access, e.g., according to a policy aimed at 10 optimization for managing multiple or
linked pages. Again, the actual presence in a system of particular memory geometries (e.g., multiple

planes) is not a prerequisite for the host to apply the disclosed techniques.

[0047] In applying these techniques, where allocation requests allow, the host assigns physical
space for writes so as to facilitate both immediate write accesses and later multiple page read access, all
with the benefit of the improved throughput. For example, later accesses can be performed in a
manner unencumbered by memory controller address translation requirements; for multi-plane
memory and shingled drives, data placement can be pre-planned in a manner consistent with any inter-

plane addressing restrictions for multi-array accesses. As should therefore be apparent, these
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techniques therefore provide operating systems and applications with significantly greater ability to

utilize the full capabilities of certain (e.g., complex) memory architectures.

[0048] Note the symmetry benefit that differentiates this approach from a conventional approach
where a flash translation layer (FTL) is relied on at the memory controller to remap logical writes to first-
available physical space - when the host plans data access to be at known physical locations (i.e., across
multiple devices, tracks, dies, planes, etc., where access can be overlapped), it manages data placement
in @ manner that it can later readily retrieve related information. This can be performed in a manner
where the need for (and delay occasioned by) memory controller address translation or cross-array
addressing restrictions (if present) become moot. The same planning and management benefits apply
to many commands, for instance in the case of NAND flash, for writes, deallocate (page release), erase
and potentially other commands. Importantly, while techniques presented below facilitate an
architecture with a minimized FTL or no FTL at all in the memory controller, it is emphasized that
reduced FTL practices are not required for all embodiments; that is, many of the techniques presented
herein can also be used in implementations where the memory controller includes an FTL, such as in the

context of a traditional NAND flash architecture.

[0049] In one embodiment, the memory controller/host interaction is augmented with specific
commands directed to multi-array (e.g., multi-plane, die or track) 10 capabilities. This command
structure then permits the host to issue multi-array access commands via as a single operation rather
than as a series of disassociated, single array commands. For example, such a command structure can
be supported using an application program interface ("API") on the host side, and one or more
extensions to a conventional command structure (e.g., NVMe for NAND flash memory) to support multi-
plane operations. Utilizing physical addressing consistent with pertinent device addressing restrictions,
this permits effective multi-array storage, retrieval, release and erasure notwithstanding any device 10

or addressing restrictions.

[0050] This disclosure is organized as follows. A memory controller which maintains an information
repository for running queries or otherwise to provide visibility to a host as to physical space
management, and related system considerations will first be introduced. These capabilities help support
direct use of physical addressing, referenced above. Second, some system options that leverage the
capabilities of such a memory controller will then be discussed; for example, such a design optionally
permits a host to direct certain memory management processes (e.g., garbage collection and wear

leveling for NAND flash) in a manner that reduces competition of memory controller management
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functions with host-originated access requests. Note that the described devices, systems and
techniques are exemplary, e.g., the presented techniques can be applied to host design, memory device
or die design, to a memory controller or memory system, and to other memory technologies as
described. Note also that the various embodiments and FIGS. are not mutually-exclusive, i.e., teachings
described in connection with one FIG. for one embodiment of a component (e.g., a memory controller)
are generally applicable to other embodiments of that component (for example, described in connection
with a different FIG.), or with reciprocal components (such as a host). Finally, implementation and use
of one or more memory devices, efficient interleaving across devices, dies or planes, a command

infrastructure and some optional system operations will then be discussed.
1. Introduction.

[0051] FIG. 1A provides a diagram 101 depicting interaction between one or more hosts
103a/103b, a memory controller 105 and memory 107. Note that two hosts are shown in the depicted
system, one (103b) in dashed lines to indicate its optional presence. While the techniques herein can be
implemented with any number of hosts, a typical implementation features a single host 103a, a memory
controller 105 and memory 107 managed by the memory controller. These elements can be
implemented together as a memory system in which the managed memory has multiple tracks, dies or
planes (109a...109c) suitable for parallel (or pipelined) access. Note that the host can include any form
of processor, for example, a personal computer or smartphone CPU, or the CPU of a storage manager
(e.g., of a network ready storage appliance). A dashed line 110 indicates that in some environments, the
host's interaction with memory is governed by external communications (e.g., with one or more clients,
not separately shown in FIG. 1A); for example, a network-ready device can support external
communications (e.g., over the Internet or a wide area network or "WAN") where memory accesses are

responsive to requests or other interactions with the clients.

[0052] As mentioned previously, the memory controller 105 optionally stores data 111
representing geometry of managed memory, such as particulars regarding the depicted multiple
tracks/dies/planes 109a...109¢, such as number of tracks/dies/planes, volume of each such unit,
addressing limitations and so forth. This information can also be made known a priori to the host, e.g.,
in an application-specific design such as where a host is preconfigured for operation with a specific
memory device or devices. Whether already known by the host or stored by the memory controller 105
and sent to the host, the host 103a makes use of this information in building a table 112 which it uses to

plan space assignment and the writing of data to the managed memory 108. As one relatively simple
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example, a host interacting with two-plane NAND flash memory can allocate blocks of storage for
individual pages of data or for multiple pages of related data. The host would first ascertain the number
or amount of 2-page data storage blocks needed (that should be reserved), and then would configure
priority/usage information (e.g., rules) for use during run-time to perform space assignment and to
perform maintenance operations. Note that strictly speaking, a configuration step as just referenced is
not strictly required, i.e., a host could simply reserve physical addresses for linked or related data, and
could then assign addresses as needed until the reserved space is exhausted. Whether initially dead-
reckoned or variably determined, run-time management can be used to help adjust space allocation.
For example, for a multi-plane embodiment, if single-plane space were to run low, the host could
change the criteria used to determine which data will be stored across dies or planes as related data.
Alternatively, the host could perform garbage collection, page release and/or erase operations so as to
recycle currently unused space that could then be used for single-plane writes. If addresses reserved for
multi-plane writes were to run low, the host could perform garbage collection on physical addresses
assigned to multi-plane space or could change the threshold at which n-plane space is assigned. Once
again, these functions are merely options, e.g., a host could simply assign related data locations if any
such locations are available. Reserved space can also be dynamically varied during run-time if desired.
For example, the host could free physical addresses reserved for multi-plane space for single plane
writes, or vice-versa, depending on dynamic conditions. Clearly many examples exist. Again, while this
example is rooted in the use of multi-plane operations, the host can use similar management techniques
in managing operations across tracks or dies or in otherwise managing memory space allocated to
multiple pages; for example, a host could assign the same physical address (or address offset) in each of
multiple pages for related data that may be read at the same time, though this is not required in all
embodiments. FIG. 1A also highlights signaling link 113 to indicate that host-to-memory
communications can be in a variety of forms including serial-differential, network-based, packet based,
parallel, single-ended, point-to-point or other communications formats. Without limitation, in one
embodiment, the host 103a and the memory controller 105 are in the form of respective integrated
circuits (ICs), coupled by conductive-path serial, differential links, with communications optionally

compliant with a version of NVMe.

[0053] Based on information stored in the table 112, the host plans data storage in a manner
conducive to true, host-initiated multi-track, multi-page, multi-plane or multi-die reads, that is, such that
successive read requests are issued by the host with the direct physical addresses for related data. This

permits the host to plan for pipelined use of a memory bus in a manner that optimizes the retrieval of
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related data needed by the host for a particular task. For example, a host needing to read linked data
from multiple dies can issue a series of read requests to the memory controller that can immediately be
passed on to the pertinent memory die. Even for embodiments where the memory controller
cooperates in defect management (and performs very limited L2P translation for this purpose), the
bypass of binary search trees and other complex translation functions permits streamlined interleaving
across dies or devices. For multi-plane access (irrespective of whether also performed in the context of
multi-die access), a single command or fused series of commands can be used by host and memory
controller to access data that has been stored in consideration of device multi-array address restrictions;
thus, one command, or a series of chained commands, can be issued to retrieved linked data from
effectively "paired" physical addresses without offending native device 10 restrictions or addressing
restrictions. In at least one embodiment, the issuance of a multi-plane or multi-track request involves
specifying a common, base (logical or physical) address used to access the related data in each
respective die or plane. For architectures providing some flexibility in address restrictions (e.g., where
certain NAND flash multi-plane architectures permit a limited "plane" address to differ from a specified
EU/page base address), the request can specify an plane address offset to the base address. In one
embodiment, a single command or fused series of commands from the host can be used to manage

multi-die access.

[0054] For NAND flash memory, this structure facilitates expanded use of interleaving and/or multi-
plane access for many different types of commands. For example, as physical pages of memory are
released (or "deallocated") for data stored across dies or planes as a unit, the host can issue a request
(e.g., one or multiple commands) that specifies release of a physical address (or offset) in each one of
respective dies or planes. Memory devices supporting this capability can update page allocation tables
and/or stored metadata to reflect this release, or can send messages (acks) to the host to track and
update this information. In an embodiment where the memory controller tracks this information, the
memory controller can then notify the host of the need to erase an erase unit (EU) in question (e.g.,
once page utilization has satisfied a predetermined garbage collection or erasure threshold or in
response to a reclaimable space query from the host). Similarly, the host can issue multi-plane (or
multi-die) erase operations, or can defragment data, essentially identifying separated (but commonly
accessed) data and relocating that data to a striped (multi-plane or multi-die) configuration. The host
can initiate these operations and then track the resulting impact on physical address assignment. Thus,
this structure permits the host to issue multi-page writes without substantial latency at the memory

controller for address translation, and it also permits the host to plan multi-page access in a manner
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where related data storage is planned. Note that page release, erasure and other functions will be
further discussed below in connection with FIGS. 23-25. Note once again that while many embodiments
will be discussed below in the context of NAND flash memory, the techniques provided herein are
equally applicable to other forms of memory, for example, in dealing with cross-track addressing
restrictions for shingled solid state magnetic drives (e.g., HDDs). In a shingled magnetic drive system, a
hard disk controller is constrained by having to write individual overlapping magnetic tracks together as
a group (e.g., with a track grouping separated by a guard band), but by being able to read tracks
individually. The techniques described further below, for example, relating to host-owned or
cooperative physical space assignment, garbage collection, defect management, data relocation, cold
data management and multi-page writes and reads, are equally applicable to such systems, and indeed,

any technology characterized by a program/erase (P/E) asymmetry.

[0055] Returning to FIG. 1A, a variety of techniques can be utilized to extend operation to multiple
hosts such as depicted optional host 103b. For example, without limitation, the system could assign
dedicated logical and/or physical space allocated to each host, and rely on memory controller
arbitration over competing host commands. Other techniques also exist. Extension of techniques
disclosed herein to a multiple host environment is within the level of ordinary skill in the art, and will be

discussed below sparingly.

[0056] FIG. 1B is a block diagram showing one method of management of multi-page memory
requests that originate from the host. This method is generally identified by numeral 151 in FIG. 1B. As
indicated by dashed-line block 153, a memory controller optionally stores configuration data for
managed memory for provision to the host (i.e., to one or more hosts as appropriate). As noted, this
information can include information on array size, number of devices, dies and planes supported, and
other information such as manufacturer, use of multi-level cells, and so forth. Note that there is no
requirement that managed memory devices or arrays have to be uniform, e.g., it is possible for a
memory controller to manage two dies, one supporting only single plane operations and the other
supporting two-plane operations. Per numerals 155 and 157, the host retrieves this information and

optionally uses it in planning logical and/or physical space requirements.

[0057] During run-time, as the need to write data to memory arises, the host uses this information
(and, optionally, stored priority information) to allocate space for each new write (159). However,
rather than necessarily allocating this space sequentially, the host can allocate space in a manner where

respective address locations are geared for later multi-plane access. Nearly any form of linked data can
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be stored in these respective linked locations, for example contiguous media data, data and its
corresponding error information, or indeed, any other form of related information that may need to be
accessed in succession or together. In an embodiment where the host directly assigns physical
addresses, the memory controller optionally has no FTL function (which exists on the host only), and
thus the host in this embodiment assigns physical memory space and issues write (and
read/deallocate/erase and/or other) requests in a manner that directly specifies physical address as a
host-command field (i.e., a command-specified operand). This is represented by function block 163. In
a variant of this embodiment, discussed further below, the memory controller can perform limited L2P
mapping (e.g., it can detect memory defects, mark blocks as "bad" and assign a write in progress to a
substitute free space without immediately alerting the host); the memory controller in such an
implementation intercepts reads or other operations to "bad" address blocks only. Over time, as wear
leveling is performed and bad block information is reported to the host and bad blocks avoided in future
physical space assignments, the host understanding of valid physical space once again eliminates the
need for temporary translation at the memory controller. In a second example, a host can issue
commands to the memory controller for delegated copy of data to reclaim space. As will be discussed
below, the memory controller relocates pages from a first data block (which is then reclaimable) to a
second block (while preserving page order within relocated blocks); a limited translation mechanism can
then be employed so as to eliminate any need for the host to update its address references. Note that
even in such embodiments, the memory controller can use very simple translation mechanisms (e.g.,
detection of at most a small number of addresses, and an ensuing address modification step), and does

not need an extensive search tree or complex processing to find the pertinent physical address.

[0058] For flash memory in particular, periodic maintenance such as wear leveling and garbage
collection must typically be performed, per numeral 165. Performance of these operations on a host-
owned, memory controller-owned, shared basis will be variously discussed below. The host issues
multi-plane requests consistent with its role in maintenance. Finally, as mentioned, with judicious
address assignment at the outset (either with original writes and/or as a result of periodic
maintenance), the host is in a position to issue true multi-plane read requests, where related data is
requested from respective planes in a manner that a priori is consistent with any native multi-plane

address restrictions. These functions are variously represented by numerals 167 and 171 in FIG. 1B.

[0059] Note also that while the discussion of FIG. 1B was rooted in the context of multi-plane
access, similar techniques can be applied more generally to multi-page (e.g., multi-die or multi-device

access). In a multi-page configuration, direct physical addressing is applied by the host to substantially
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simplify the address translation task at the memory controller, permitting much greater flexibility in

interleaving requests and providing for improved bus utilization.

[0060] With some basic implementation options thus introduced, this disclosure will now discuss
host operation in greater detail, with reference to FIGS. 2A and 2B. Note that a host can be
implemented using hardware logic and/or software logic (e.g., as circuitry running instructions that
control the operation of general purpose hardware). It is also possible to implement such logic as
instructions stored on non-transitory machine-readable media that, when accessed and executed by a
general purpose machine (e.g., such as a CPU) control that general purpose machine to implement the

functions of such logic. Each of these operations is represented by the depicted FIGS.

[0061] FIG. 2A generally shows a host 201. The host optionally has a first interface 203a to interact
with one or more clients, for example, over a WAN or local area network, and a second interface 203b
to interact with one or more memory controllers (e.g., one for each drive if multiple drives are present).
Whether or not interacting with a client, the host typically includes an operating system 205, which
periodically needs to send data to storage and/or to retrieve that data. Request generation logic 207 is
therefore called upon to generate a command to be sent to memory to request the storage or retrieval
of data as appropriate. Typically, a request is formatted to specify one or more commands (e.g., a write
command), an associated address, and optionally a data operand (e.g., in the case of a write request).
The addressing format varies depending on implementation, but typically in a multi-plane context will
include multiple fields which specify (for example), a drive identifier (if multiple memory controllers are
present in the system), a device identifier, a die identifier, a plane identifier, and an address offset
corresponding to a specific page number in a specific array. Typically, each field includes one or more
bits, with a single bit being needed for example to specify one of two planes, and with many bits (e.g.,
16 or more bits) being potentially needed to specify other fields (such as page or row address). Other
address fields can also or instead be used depending on implementation, for example, bank number,
level of a multilevel system, and so forth, and more than two planes can be used, depending on

implementation.

[0062] To support multi-page and multi-plane capabilities, a host is typically configured in a manner
that plans ahead for such multi-array allocation and support. To this effect, the host 201 includes logic
209 for initially configuring such access and for dynamically supporting such access (for example, by
reallocating space, changing assignment rules/policies, and relocating data as necessary). As mentioned

previously, examples of different maintenance schemes will be thoroughly discussed in the sections
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below. In turn, logic 209 uses this information to both allocate space as appropriate (using table 211)
and also to determine any sorting information that will be used during run-time to assign new writes to
cross-die/cross-plane linked memory space as a matter of priority. Sort logic (212) can store in a register
this sorting or priority information in the form of a series of related fields, for example, that index data
type or a data usage characteristic and provide a field that assists with determining where new writes
should be placed. For example, if the host detects the need to store multiple pages of media
information, the sort logic could examine its priority information and determine that such media
information is preferentially associated with multi-plane writes (across dies or planes as appropriate).
Thus, the sort logic 212 assigns (logical or physical) address space in a manner that accords priority for
this information as necessary for the host to assign physical space for cross-die or cross-plane storage. In
one embodiment, multiple pages of data are sent as part of a request that can include commands
simultaneously directed to multiple arrays, or a series of commands intended for single arrays,
specifying related addresses, a common base address, an address offset, or a combination of these
things. The formulated requests are then sent to a request queue 213; the request queue verifies that
transmitted requests have been received and/or completed by the memory controller, and performs
related error detection and correction. As an example, in some implementations, the request queue
213 can utilize an acknowledgement process to track the receipt and processing of commands. In
another embodiment, tracked commands can be deleted from the queue when it is determined, for
example, that error-free read data has been procured by the host from managed memory. Clearly,

many examples are possible.

[0063] FIG. 2B provides some additional detail on one possible method for configuring host
operations in a NAND flash system. FIG. 2B is generally divided into upper and lower halves (252/271)
representing configuration and run-time functions, respectively. First, the host periodically (such as at
system startup, at first operation or at another checkpoint or interval) retrieves information regarding
memory system configuration, such as the number of devices, dies per device, LUN organization,
whether multiple planes are supported, and so forth, as required for the particular implementation.
This is represented by numeral 253 in FIG. 2B. As noted by optional function block 255, in one
embodiment, this call for data is implemented by an NVMe-compatible Get Features command, directed
to a memory controller. Note that it is possible to otherwise retrieve configuration data from the
memory controller, or alternatively, memory geometry can be determined a priori and stored local to
the host. The host then proceeds to plan space assignment, e.g., physical space assignment as

represented by function block 257. If multiple dies are present (in a manner supporting parallel access)
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or if multiple planes are present, as indicated by decision block 259, the host proceeds to identify
system requirements (e.g., to plan memory organization as previously introduced) and arrives at a usage
priority, per numerals 261 and 263. For any desired sorting order, the host can establish specific classes
of access (e.g., single plane versus two plane, three plane, four plane, and so forth) as pertinent to the
application, all per numerals 264 and 265. With memory space planned out, the host can store
information for use during run-time as appropriate. Multi-modal operation can also be used, e.g., in
which the memory controller and/or host uses a form or class of multi-plane addressing in first mode,
and elects to not use this form or class of addressing in a second mode. If there is to be no orchestrated
multi-plane or multi-die access, the host still performs certain configuration functions as appropriate; for
example, per the discussion below, the host can still track and assign physical space and share in
memory management to a selected degree. That is, whether accesses are uniquely single plane, multi-
die or multi-plane, the host can still participate in one or more of defect management, data reclamation,
data relocation, release of stale space, L2P table management and other physical space management
functions. This helps reduce memory controller competition with host-initiated requests for memory

bandwidth and provides for reduced latency and increased efficiency in memory access.

Il. Architecture Of An Exemplary, Cooperative Flash Controller.

[0064] Optional features mentioned above are supported by structure where the memory
controller also stores information specific to each of plural subdivisions of memory (e.g., for each
physical memory unit managed by the host, in on-board registers reserved for this purpose). The
memory controller makes data based on this stored information accessible to the host. For example,
the memory controller can store a table with information organized by logical unit or physical unit
spanning the entire memory managed by the controller. The data provided to the host can be the
stored information itself, or the result of processing or filtering performed by the memory controller
based on that information (e.g., either as requested by the host or on an unsolicited basis). In one
embodiment, this is achieved by storing per-physical-storage unit metadata for each unit managed by
the memory controller. The memory controller advantageously includes logic that processes host
queries and that provides data back to the host responsive to those queries. The data can either be
provided synchronously (in response to host trigger) or asynchronously (i.e., only upon satisfaction of a
processing condition). Once in receipt of the data, the host can then electively take action in

dependence on that data.
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[0065] These structures and techniques help reduce control bandwidth competition with host-
initiated reads and writes and can help minimize write amplification. By redefining host and/or
controller responsibilities, host-controller management features duplication and associated
disadvantages can also be avoided, leading to a simpler and less expensive memory controller design. In
an implementation where there is no FTL table that must be loaded into a flash memory controller, and
no associated search tree, flash memory is capable of servicing host read requests more quickly. The
reduction of write amplification and controller-initiated erase, wear leveling and garbage collection
operations reduces unintended competition with host-initiated commands, i.e., the host is far less likely
to find flash memory "busy" when it seeks to have a command filled, because the host is vested with
scheduling the potentially competing functions. In turn, the better pipelining permits a host to more
easily interact with a storage aggregate having one or more discrete flash drives, optionally including
other types of storage drives (i.e., mixed or non-homogenous memory). Further, as noted earlier,
eliminating the latency associated with memory controller address translation (and/or defect
management processes) permits the host to more effectively structure multi-die and multi-plane

accesses to memory.

[0066] FIGS. 3A and 3B are used to introduce one full-featured design of a memory controller, that
is, that supports host tracking of physical address space and multimodal configuration that supports
different modes of host/controller allocation of responsibility for maintenance operations. The
capabilities permit one circuit design to support many different implementations. For example, while
the memory controller of FIGS. 3A and 3B can be adapted to either host-owned or memory controller-
owned defect management (as described below), a memory controller supporting multi-plane, track, die
or device writes and reads need not implement any or all of such responsibilities or functions. This is to

say, the memory controller embodiments described below are examples only.

[0067] FIG. 3A illustrates one embodiment of a storage system 301 and associated memory
controller 303, host 305 and memory 307. In the illustrated embodiment, the memory controller is
structured to cooperate with the host 305 in the control of the memory 307. The memory controller
303 has at least one first interface 309 to exchange commands and data with the host. Although two
such interfaces and corresponding transmission paths are seen in FIG. 3A, these interfaces may be
combined (e.g., with communications occurring via a packet-based transmission scheme). The
commands generally relate to operations in memory such as read and write operations, although
commands can also be directed to the memory controller 303 to assist in memory management

functions. As before, the commands and signaling protocol can be compatible with one or more
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standards, for example, with Non-Volatile Memory Express (NVMe) or the Small Computer System
Interface (SCSI) (in the case of commands) and Peripheral Component Interconnect Express (PCle) or
Serial-Attached SCSI/Serial ATA (SAS/SATA) (in the case of signaling formats). The memory 307 generally
has an array of memory cells and array control circuitry that may support one or more planes or banks
depending on design. The memory core in turn has one or more subdivisions of memory cells for which
subdivision-specific usage data will be tracked by the memory controller 303. In embodiments where
the memory is flash memory and the memory controller a flash memory controller, each subdivision can
include one or more erase blocks or units (EUs), with each EU having a minimum number of memory
cells that must be erased at once. Similarly, in embodiments where the memory is a magnetic disk
media (e.g., shingled drives), each subdivision can include a "band" of tracks (e.g., having a group of

tracks that must be erased at-once).

[0068] The memory controller tracks physical subdivisions using metadata retained in internal
storage 311. In one embodiment, this storage can be volatile memory such as synchronous random
access memory (SRAM); in another embodiment, this storage can be non-volatile memory, for example
an internal flash array. As denoted by reference numeral 313, the storage retains this information for
each subdivision of the memory governed by the memory controller, in this case, for a physical
subdivision of the memory 307. In embodiments where the memory 307 is a NAND flash memory, the
storage retains information for each EU or physical page of the flash memory (e.g., EUs 1I-n as indicated
by reference numeral 313). Note that for flash memory, each EU can also correspond to multiple pages,
as indicated by numeral 315 (e.g., pages 1-j). For example, depending on manufacturer and design,
there can be 128-256 pages per EU, with each EU corresponding to a substrate well, and each page
corresponding to an independently controlled wordline for memory cells tied to that substrate well. The
memory controller also has logic 317 that is operable to send to a host either some or all of the "raw"
metadata retained in the storage 311, or derived or processed information based that storage 311. This
logic for example can include circuitry within the memory controller that is adapted to respond to host
commands seeking specific data; alternatively, this logic can also include circuitry that applies pertinent
filters or comparisons and that notifies the host when a tracked metric meets an assigned threshold.
This information or an alert representing a particular condition can be transmitted to the host via the at

least one first interface 309, via a dedicated connection, or via a backplane connection.

[0069] Several configurations are also represented by the embodiment of FIG. 3A. First, as
represented by numeral 321, the memory controller 303 can be designed as a standalone integrated

circuit with the host 305 and the memory implemented as one or more discrete integrated circuits (e.g.,
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the host in the form of a host processor). For example, dashed-line box 323 can represent a discrete
solid-state drive (SSD) where the memory controller is implemented as an IC and where the memory is
embodied as one or multiple NAND flash devices. Second, as represented by dashed-line box 323, the
memory controller 303 can instead be co-packaged or otherwise combined with the memory 307 as a
storage subsystem. That is, it is also possible (as represented by dotted-line box 325) to aggregate the
memory controller 303, the host 305 and the memory 307 as a single system, for example, a network-
attached storage system or a storage system adapted for connection with another digital system (e.g.,
via a USB, PCle, SATA, Ethernet or other standard signaling protocol). In either implementation, per
reference numeral 327, cooperative management functions can be embodied as instructions stored on
non-transitory machine readable media, for example, for use in controlling a host processor, memory
controller or other circuit. That is, software or firmware can be used to control actions of a host,

memory controller or other circuits.

[0070] FIG. 3B shows a solid-state drive (SSD) having a memory controller 330 and NAND flash
memory comprising one or more NAND flash memory devices 337. The flash memory controller 330
includes storage to store information for each subdivision of memory as referenced above, as well as
logic that services host commands relating to that information. The logic is partially in the form of an
embedded processor 332, which receives commands from the host and fulfills those commands under
the auspices of firmware. This logic and firmware will be further exemplified below, but for purposes of
FIG. 3B, it is noted that this logic relies on internal memory 333 including volatile storage (e.g., DRAM, or
another very low-latency storage technology, for example, using a double-data rate or "DDR" signaling
scheme) and nonvolatile storage (e.g., internal flash memory for the firmware). The memory, and
associated firmware and data, are accessed via a dedicated interface 334. Once again, in one
embodiment, the flash memory controller interacts with a host using exchanges of commands and data
that are compatible with one or more well-known communication standards, such as NVMe or SCSI, or
other networking formats. Each of these standards provide for commands to be sent from an initiator
(such as the host) to a specific target (such as a memory device or memory controller). Signaling
formats used by these commands structures can follow any desired signaling standard, for example, a
version Peripheral Computer Interconnect Express (PCIE), serial ATA (SATA) or another signaling
standard. The interaction can take the form of commands for memory transactions (e.g., read and write
transactions), configuration commands to the memory controller (e.g., asynchronous commands), query
commands (e.g., commands for synchronous or asynchronous returns of information based on memory

controller processing requested by the host), and alerts and returns of various operating codes and
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other information from the memory controller. Generally speaking, a "synchronous command" as used
herein will refer to a command to the memory controller which initiates a function in the memory
controller that returns a result as soon as processing is completed. A synchronous command is
analogous to a query. An "asynchronous command" as used herein will refer to a command that
requests a return only once another condition is satisfied. Such a return of information can be triggered
immediately (e.g., if the condition is already satisfied) or in the future (e.g., the memory controller alerts
the host immediately and without solicitation when a condition specified by the host is later satisfied).
An asynchronous command can be thought of as the host setting an operating mode or condition in the
memory controller, e.g., setting a mode calling to trigger an immediate alert if previously released space

exceeds a host-specified level.

[0071] To perform input/output (I0) operations, controller firmware interacts with a low-level flash
memory interface 335 to translate high-level 10 commands into flash memory operations. In this
embodiment, the flash memory consists of one or more NAND storage devices (e.g., integrated circuits)
337, each coupled to the flash memory interface 335 via a multidrop channel. Each device 337 includes
a multiplex interface 338 that connects to one or more co-packaged dies 339. Each die can have one or
more planes 340, each with independent control and data registers 341, so that each die is capable of
performing multiple 10 commands simultaneously. These registers can be delegated complex
commands (e.g., multi-operation programming commands) by the memory controller, or alternatively,
the memory controller can use a fractional programming scheme. Following SCSI protocol tradition, a
logical unit (LUN) is used to refer to the smallest device unit addressable by IO operations. Note that a
LUN can be striped across multiple planes (or dies) if desired for the particular implementation. For
example, using the techniques of this disclosure, it is possible to write a LUN across planes by ensuring
physical addressing of pages written to respective planes in a manner consistent with device multi-plane

addressing limitations.

[0072] As mentioned, in this embodiment, the controller can serve detailed information to the host
for each subdivision of memory, and the host can also issue query requests to the memory controller
(which are designed to assist the host with management of the bandwidth-consuming functions).
Advantageously, to avoid delays associated with memory-controller-resident address translation, the
host sends 10 requests to the memory controller that directly specify physical address. Note that for a
NVMe compatible embodiment, the predicate of direct physical addressing can be supported simply by
configuring the memory controller to manage the host-specified address as a physical address, or

otherwise with limited memory-controller-side address translation. The performance of commands
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(e.g., management of multiple program-verify cycles, or "P/V" cycles, of one write command) is then
managed by the memory controller which alerts the host upon command completion. The meaning of
the physical address in this context depends on flash memory geometry but, in this embodiment,
includes multiple fields. These fields can identify for example the number of a communication channel
within the flash memory interface 335, the number of a device 337 connected to that channel, the
number of a die 339 within that device 337, the number of a plane 340 located on the die 339, the
location of a block within the die 339, and the location of a page within the block. Thus, physical
address depending on embodiment can include a quadruple of channel, device, die and logic unit

number (LUN).

[0073] FIG. 3C helps illustrate layout of one possible flash memory controller, with an emphasis on
command processing. In particular, the flash memory controller can be implemented as a single
integrated circuit 345. As before, a host interface 349 is used to exchange commands and data with a
host, and a flash interface 351 is used to issue commands to and exchange data with one or more flash
memory devices (not shown in FIG. 3C). Note that in this embodiment, a single path is illustrated as
coupling the memory controller with the host, for packetized exchange of both commands and data;
that is, the host interface can include logic that extracts commands and data from request packets, and
can also packetize read data, alerts, metadata and other communications to the host. Other
implementations are also possible, for example, using separated command and data busses. In the
scheme depicted in FIG. 3C, it should be assumed that the host interface has a high speed serdes
interface, such that communications with the host occur over one or more differential signaling paths,
for example, compliant with a PCle, SATA or other signaling scheme. Note that one or more flash
devices can be copackaged with the memory controller, and thus the flash interface 307 does not
necessarily have to use the same signaling scheme as the host interface, e.g., communications can be via

wide-bus single-ended communications, using command and data busses.

[0074] The host interface 349 separates controller commands from any received packets (as
necessary), and routes these commands over a command bus 352 internal to the flash memory
controller. Generally speaking, commands will relate to memory operations (e.g., reading or writing of
data) or to queries for data and memory management functions. To this effect, separate logic blocks

within the memory controller are dedicated to each of these functions.

[0075] A memory operations logic block 357 manages operations involving the memory device. For

example, as is well-known, NAND flash memory typically utilizes incremental programming — that is,
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array control circuitry for the flash memory device uses a minimum programming voltage, and results of
programming are checked against contents of a write data register to determine whether those results
are correct. This is performed using a "program-verify" (P/V) cycle having separate "program" and
"verify" phases. During validation, a programmed page is typically sensed and an exclusive-or function is
performed with contents of the write data register; for any bits that remain set, programming has not
been effective, so the programming voltage is raised and the process repeated in a second P/V cycle.
This process typically continues until proper programming has been achieved or some limit has been
reached, the latter case resulting in a write error. In one embodiment, the memory operations logic
block 357 performs control over these various phases of programming using buffers 359. Since a
memory device can include multiple planes (as discussed above), the memory command processing
logic block 359 optionally uses multiple buffers, for example, with one dedicated to each plane or with
buffers assigned on a rotating basis for individual commands received from the host. The memory
command processing logic block also manages any functions of reporting write error and consequent
remapping of data, as well as updating L2P mapping information in metadata storage 355 (for
embodiments that perform such mapping). Note that this information can be part of a much larger class
of metadata indexed by EU as discussed above (see, e.g., FIG. 6 and the accompanying discussion below

for examples on types of information that can be tracked using this storage).

[0076] Commands relating to the return of query information or the setting of an operating mode
are sent to query/management logic block 361. Generally speaking, the host can request (a) return of
raw metadata for the entire memory space managed by the memory controller, or for specific address
ranges or EU ranges, or (b) other information derived from processing or filtering of that metadata by
the memory controller. For example, the memory controller can be provided with logic operable to
receive and interpret host commands for lists of blocks, e.g., the "top ten" candidates for garbage
collection, ranked in order of page (under) utilization. If pertinent to an embodiment supporting multi-
plane writes and reads, logic on the host can automatically add "linked EU's" (i.e., EUs in counterpart
planes to EU candidates) as part of such a list, or alternatively, can otherwise filter EUs having multi-
plane data so as to not include them in such a list. Since the purpose of such a garbage collection
operation is to identify EUs for erasure, a memory controller receiving such a command interrogates the
metadata storage to (a) identify EUs that are at least partially in use, (b) identify the extent of page
utilization for each such EU, and (c) order a set of EUs that are candidates for erasure in the order of
greatest number of released pages. The query/management logic block 361 uses internal registers 363

to manage functions like this and, when the requested processing is complete, the query/management
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logic block sends a reply message to the host with the requested information. Note that the host
interface 305 includes buffers that receive this data, and queue the data for transmission to the host
(e.g., as a reply packet that may be distinguished from read data). The mentioned example is only one
type of query that can be processed by the host, i.e., there are many types of requests and queries that
can be processed by a memory controller having the described structure. A skilled designer can
implement any type of management processing desired. This request is an example of a synchronous
query, because data is on-hand for the memory controller, and because the memory controller returns
requested data as soon as its query processing is complete. In a simplified case, the host can request
return of raw metadata. For asynchronous queries or functions, the host typically provides a parameter
(such as a mode setting and/or a host-selected threshold of some type) and the memory controller then
operates a continuous or intermittent process to check for the specified condition; when the condition
occurs, the memory controller immediately alerts the host, typically providing information that triggered
the alert (such as EU identity and metadata for the EU pertinent to the function being tracked). That is,
if the condition does not occur, there is no responsive alert sent to the host, and the condition is
monitored for occurrence at any time in the indeterminate future. As should also be apparent,
sophisticated queries can be run that involve multiple metadata parameters. For example, a host might
request an alert any time a partially written EU simultaneously reaches a specific page utilization
threshold (e.g., less than 50% utilization) and has a time since last data access greater than a second
threshold. Many examples of asynchronous processes are possible and will no doubt occur to the skilled

memory architect. Once again, any suitable thresholds or modes are stored in registers 363.

[0077] A media icon 364 is depicted to indicate the optional use of software or firmware by the
memory controller. The memory operations and query/management logic blocks 357 and 361 and
registers 363 are all depicted within a dashed-line box 365 denoting that, in one implementation, these
elements can reside on a single die (e.g., a single processor or coprocessor); in such an embodiment, the
media icon 364 typically denotes the use of firmware, for example, stored in memory within the single
die in question. In this regard, such firmware can be designed to respond to vendor-specific NVMe
extensions to implement specific query/management functions. For example, any desired asynchronous
query can be implemented as a function call supported by firmware; when the asynchronous command
in question is triggered, it is run as an open process in the die (365) or a coprocessor dedicated to the
guery/management functions. Alternatively, many processors can be provided, each assigned
queries/asynchronous processes as they are invoked. As implied earlier, a specific asynchronous

process can be associated with a mode set by the host; for example, in one mode defined by the host,
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the memory controller can automatically alert the host any time it identifies a space reclamation
(garbage collection) candidate, based on default or host-identified parameters — in a second mode, this
function is turned "off." Note that in the future, newer versions of standards such as NVMe can be
structured so as to inherently support generic commands calls consistent with the operations discussed

above.

[0078] The metadata storage 355 is indicated as separate from dashed-line box 365, reflecting that
the metadata storage optionally can exist independent of the processing logic, e.g., on a separate die.
That is, in one embodiment, the metadata storage consists of nonvolatile memory, such that it is
persistent through power cycling. In another embodiment, the metadata storage can exist in SRAM
(e.g., internal to optional die 365), with data switched to nonvolatile memory and loaded back again in
response to power cycling. In still another embodiment, as denoted by optional connection block 366,
the metadata storage can be read directly by the host, i.e., via a form of commands for direct memory
access (DMA). In such an embodiment, the host simply reads a special memory location which it knows

will contain metadata for a specific EU or EU range, or for the flash memory as a whole.

[0079] FIG. 3D shows a block diagram 367 of a cooperative memory controller in expanded detail;
more particularly, FIG. 3D is used to show how logic functions can be implemented using hardware and
firmware logic 369. This logic 369 supports a number of optional processing features. In one
embodiment, this memory controller uses this logic to perform many traditional flash controller
functions (e.g., management of an FTL and associated search trees). This is to say, while one advantage
of the memory controller is the substantial reduction or omission of an FTL layer or its equivalent, as
mentioned, this is not required for all embodiments. In another embodiment, the memory controller
implements comprehensive cooperative functions that help reduce the need for complex L2P
translation processes, as referenced above. In a cooperative or shared management scheme, the host
can retrieve per-memory unit physical address status and, with this information, directly address
specified physical locations — as mentioned, this substantially reduces or obviates the need for complex

translation processes resident at the memory controller.

[0080] For the embodiment of FIG. 3D, logic 369 is seen to have a number of basic function blocks,
including interface logic 371 to interact with the host using packetized commands and responses, logic
373 used for local metadata management, command processing logic 377 used for query processing and
other management functions, and 10 scheduling logic 381 used to manage memory transactions (e.g.,

read, program, and erase operations). As noted, even in an embodiment where it is desired to
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substantially reduce the translation layer, a memory controller can still optionally implement some
address translation, for example, for defect remapping, transparent data relocation and other functions.
This will be described below. The metadata management logic 373 maintains locally-stored information
in the form of metadata 378, as mentioned, for each physical unit of memory (e.g., each EU) of the
memory device. Non-limiting examples of information that can be tracked are once again discussed
below in connection with FIG. 6. This information can include L2P or P2L mappings for each memory
unit; that is, as discussed below, even for an embodiment where the host uses direct physical
addressing, a scheme of shared address assignment responsibility can be implemented, with the
memory controller assigning physical addresses based on an initial logical address specified by the host,
with the memory controller reporting back assigned physical address(es) to the host, for the host to
build a L2P table for future reads to the data. This shared addressing scheme can also optionally be
employed for certain other delegated functions, e.g., valid data relocation, unit erase, garbage
collection, defect management and other functions. Note that this is not required for all embodiments,
i.e., as alluded to earlier, a host can also support these functions and dictate physical addresses for new
writes. In many embodiments described below, an adaptable memory controller architecture will be
described, providing implementation flexibility in assigning specific tasks to either host or memory
controller. To these ends, the metadata management logic can include structure to assign physical
address and generate updates to stored metadata 378 and to report back to the host an index of
physical locations assigned the newly-written file for situations where address assignment is to be

performed by the memory controller.

[0081] To provide another example of use of a limited address translation scheme notwithstanding
address directed by the host, the memory controller can be configured to transparently remap specific
data over to other memory space. This operation could be invoked in implementations, for example,
where direct physical addressing is used, but where the memory controller performs defect
management or is tasked with delegated data copy (transfer) to free up memory space. Because such
reassignment might affect only a very small portion of data written to memory, the memory controller
can advantageously keep track of this reassignment using the metadata 378. The limited address
translation scheme is then used such that future reads specifying the remapped EU are intercepted by
the memory controller logic using locally-stored metadata 378 and redirected to the proper physical
location. Note that such a limited FTL can be made quite manageable in overhead if an optional practice
is used to preserve page address from the old EU when writing data into a destination EU. In this

manner, the memory controller is freed from having to implement extensive search trees to find
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physical locations based on supplied logical addresses, i.e., the memory controller need only track
defective memory reassignments, which ultimately become stale as the memory controller progresses
through erase operations, garbage collection and updates of data (the latter being directly written to
new pages or EUs). As will be discussed elsewhere, a limited FTL even in this situation is optionally used,
e.g., the memory controller could be tasked with performing some space assignment tasks, but
immediately reports back to the host P2L information for the assigned space, thereby enabling the host
to update its addressing scheme to thereafter use direct physical addressing by the host (i.e., future

requests are directly addressed to the remapped space). Other alternatives are also possible.

[0082] The command processing logic 377 receives commands from the host directed to general
configuration of memory operations and for queries. Generally speaking, this logic manages and
updates the metadata 378 and runs queries on the metadata, returning information to the host as
appropriate via the host interface logic 371. The returns to the host can be immediate returns to
synchronous commands and immediate or later responses (or alerts) to asynchronous commands.
Exemplifying some command options, the command logic can (a) serve information up to the host
drawn from metadata 378 for use in wear-aware writes, and (b) assist with wear leveling (WL), garbage
collection (GC), defect management (DM) and integrity management (IM) functions in memory. Note
that in network storage applications with multiple drives, this further enables certain novel host
capabilities, as will be described in the section dealing with an exemplary storage system further below.
Note also that in some embodiments the host can also directly access raw metadata, e.g., as a form of

direct memory access.

[0083] An exemplary memory controller can assume varying levels of host support in a manner that
can be customized to any specific memory system design. That is, memory controller possesses
dedicated logic infrastructure to perform WL, GC, DM and IM specific functions (379, 380, 381 and 382,
respectively), each of which can be tailored to a specific level of interaction with the host pertinent to
the specific implementation. Depending on the desired level of interaction, the memory controller
helps avoid the need for remote storage and retrieval of large address translation tables and the use of
complex search trees, e.g., address translation can be performed using a greatly simplified address
translation table or omitted in the memory controller entirely. In addition, the configured level of
cooperation can advantageously permit a host to directly assume scheduling of many flash management
functions that might interfere with (i.e., compete with) host-directed writes, such as garbage collection,
data relocation and/or reclamation, wear leveling and so forth. That is to say, an architecture will be

described below that permits a memory controller to serve sophisticated information to the host to
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assist with this scheduling. This, combined with less translation overhead, provides for faster, more
consistent response, and facilitates multiple drive storage aggregates based on solid state drives (SSDs)

as well as mixed or heterogeneous systems that combine SSDs with other memory types.

[0084] To assist with host scheduling of management tasks, the memory controller can have
firmware or hardware logic (or both) dedicated to specific types of host commands and host queries.
In the NAND flash embodiment of FIG. 3D, this structure is illustrated as optionally including structure to
assist with wear leveling (WL), garbage collection (GC), defect management (DM) and integrity
management (IM) functions, but other functions or logic can also or instead be used. To support these
functions, the memory controller uses command processing logic 377 to manage space allocation and
space reclamation, and otherwise to service host calls for the return of management data. For example,
this command processing logic can facilitate direct physical addressing by identifying for the host
available address space (i.e., "free" or "virgin" space that is already erased and ready to receive write
data), candidates for erase (i.e., space that did have at least some data no longer in use, that is,
consisting of at least some released space and possibly some free/virgin space but that can be erased to
thereby provide a contiguous block of free space), candidates for data relocation and garbage collection
(e.g., space that is mostly released with only a small portion still used to service data read requests that
could be reclaimed once the data is moved or consolidated elsewhere), candidates for cold data

relocation (e.g., moving low turnover data to facilitate wear leveling), or more general functions.

[0085] For both embodiments that use wear-aware writes as well as those that do not, the memory
controller can include wear leveling logic 379. That is, to account for a limited number of flash memory
P/E cycles (typically on the order of tens to hundreds of thousands of cycles for NAND flash), the logic on
board the memory controller can be designed to track wear as part of metadata 363 and to provide this
information to the host. If, over time, certain units of memory are determined to represent
disproportionately high or low wear relative to overall memory, wear leveling can then be performed.
Note that for embodiments where wear-aware writes are used, wear leveling can be highly localized,
i.e., performed as a data relocation option simply to redistribute cold data. The memory controller 367
can generate alerts when predetermined wear or data age thresholds are reached, and can otherwise
perform low level queries relating to wear leveling. In support of the techniques presented by this
disclosure, the wear accounting logic 383 can keep a changing-list of EUs, ranked in order of coldest
data, least wear, greatest wear or in another manner. In one embodiment, this logic can be prompted
via an explicit host command to synchronously compile such a list or to asynchronously notify the host

of EU identity any time a wear metric (e.g., EU erase count) exceeds a programmably-defined value.
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Then, when and as wear leveling is scheduled by the host, the host issues a command to the memory
controller to relocate cold data and erase the old space (e.g., using relocation logic 384), thereby
redistributing that space into a pool of available space used for active writes (and potentially more
frequently-cycled data). Note that in an embodiment where the host directly addresses physical space
and performs wear-aware address assignment, distribution of wear can be inherently minimized as part
of the write process. However, disproportionate wear can still occur for data that is held for a long time
and which is therefore deemed "cold;" that is, cold data can keep EUs out of circulation while other EUs
are more frequently recycled. The memory controller architecture presented by this disclosure supports
memory controller cooperation with wear management through the use of "limited" data relocation and
wear leveling processes (e.g., directed only to specific address ranges within flash) as well as (if pertinent
to the implementation), the scheduling and management of more extensive wear leveling, e.g., for

entire flash devices or across multiple flash dies, planes or drives.

[0086] Copy-on-write processes can result in retaining old pages in flash memory that are stale.
This is because a given EU can have other pages that are still in use, and the old page location typically
cannot be reused until the entire associated EU is recycled. Over time, substantial portions of flash
memory can be locked up simply because a small fraction of space in many respective EUs is still in use.
This situation can occur whether the host or the memory controller performs address translation. To
address this, the memory controller of FIG. 3D therefore uses garbage collection logic 380 to assist with
functions of periodically consolidating data. That is, the garbage collection logic can track information
pertinent to whether an EU is mostly stale or is still efficiently being used and can process host queries
relating to this information. One form of this tracked information is page utilization information, e.g.,
where the memory controller stores information indicating whether each page in a given EU is available
(erased but not yet written), has valid (in use) data, or is released (has pages not in active use but that
remains unerased). Garbage collection involves accounting for released pages, for example, using
release accounting logic 385 to track the mentioned page utilization information for each page (or other
logical unit) for each EU; EUs with relatively few used pages can have those pages consolidated with
pages from other EUs having similarly low page utilization, with the then-concentrated valid data being
rewritten to a new destination. In an embodiment where the memory controller tracks this
information, the memory controller can compute an extent of page utilization (e.g., 10% valid or "in use"
data) and can provide this information to a host with EU identity to permit the host to decide which EUs
should have data consolidated and moved. The host can then schedule any resultant operation in a

manner that does not compete for needed read data elsewhere in the subject memory. Note that "page
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utilization" as used herein generally refers to the extent to which pages of a given EU are valid (in use) or
are stale, erased or otherwise not in use. For example, if most pages in a given EU were unused and
only a few pages of the EU had valid data, the extent of page utilization in the given EU would be low.
Conversely, if most pages in an EU were in active use, the extent of page utilization for the given EU

would be high.

[0087] In an embodiment where the host cooperates with the garbage collection task, the host can
query the memory controller using a command, with processing of the command performed in
cooperation with the release accounting logic 385. In more detailed embodiments, the release
accounting logic can be designed to perform low level inquiries, for example, to return a list of EUs
where page utilization falls below a specific threshold (e.g., 50%). This type of function can also be
managed as an asynchronous task, e.g., the host can request that the memory controller alert the host if
at any time an EU that has been written-to (or that has just had a page released) experiences less than a
threshold level of page utilization; in this regard, the release accounting logic 385 tracks explicit page
release with each command information update, and can perform any processing necessary to alert the
host in response to any asynchronous queries. The release accounting logic 385 also has circuitry and/or
firmware that performs other forms of processing, for example, optionally providing a list of "the 10
best" candidates for garbage collection in order of page (under)utilization. In another embodiment,
some or all of the data relocation functions can be managed by the memory controller, for example,
with relocation logic 386 being delegated specific tasks by the host (such as the identification of EUs to
the host for relocation of data, or delegated relocation of data in response to a host-specified target
memory address). Once relocation has been performed, with respective L2P mappings updated and
associated physical pages released, the full EU is reclaimable. In one embodiment, this is performed by
the host, which issues an explicit EraseBlock command for an address-specified EU — logic 369 processes
this command and, once the command is completed, returns the freed EU to a pool of available EUs for

future data allocation.

[0088] Write and erase errors discovered by the flash memory controller are handled by defect
management flash management logic 381. Pages found defective due to write error are remapped by
defect remapping logic 387, with the subject write operation retried transparent to the host. The
original page in error is marked as defective or "bad" and added to a bad block list or map to avoid
further use of associated physical pages. Unit relocation logic 388 performs background relocation of
data that experienced write error to minimize possibility of further write errors. Unit erase errors are

handled by the defect management logic as well, with defective EUs also reflected on a bad block list
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kept by the flash memory controller. As indicated, in such a scheme, the entire EU can optionally be

moved, preserving relative page layout and simplifying translation issues.

[0089] While flash memory typically provides strong error detection and correction (EDC), the
memory controller may also provide onboard data integrity management logic 382. Data scrubbing
logic 389 is responsible for background data integrity checks based on EDC or additional data integrity
metadata. Suspect blocks with transient errors identified are relocated by suspect relocation logic 390

using mechanisms similar to wear leveling and garbage-collection relocation processes described above.

[0090] As operations are performed in memory, whether as part of a management operation (such
as data relocation) or in servicing a write or read command, 10 scheduling logic 381 detects completion
of the command. Pertinent information is added by metadata management logic 373 to the stored
metadata 378 for the pertinent EU, and the host is then signaled with any completion codes as
necessary. For example, if a data relocation operation has been performed, the metadata 378 can be
updated with new information for both source and target blocks of memory (e.g., new page release
information, L2P and P2L mapping, wear information and so forth), and the host can be signaled with

new physical addresses for relocated valid data.

[0091] Note that, depending on embodiment, the memory controller can support one or more of
the functions or units of logic described above, i.e., a memory controller can include subsets of the
described logic to assist in the performance of specific tasks. For example, one hypothetical memory
controller could omit the data relocation logic 386 if the host was to perform this function. Also, other
logic functions can also be supported or provided for beyond those discussed. As mentioned, the
embodiment of FIG. 3D presents a single memory controller architecture adaptable to multiple,

different implementations, but this is not required for all embodiments.

[0092] Clearly, many examples exist for the layout of a cooperative memory controller. In various
embodiments, these layouts can support different cooperative functions. FIGS. 4-13B are used to

provide non-limiting examples of different types of functions that can be supported.
A. General Flow.

[0093] As discussed above, a cooperative memory controller can participate in and support
periodic management tasks, such as relates to defect management, wear leveling, and garbage

collection. A given task (e.g., an asynchronous task) will typically have an associated management
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condition that is triggered when a specific, tracked parameter exceeds a predefined threshold. Once the
management condition occurs, data which triggered the condition is evaluated by the memory
controller, the host, or both, based on pertinent metadata. Depending on implementation, individual
management tasks and the need for action can be addressed solely by the memory controller, solely by
the host (e.g., based on reported information), or cooperatively by both the memory controller and the
host. That is to say, in any given embodiment, provision can be made for the handling of any one or
more of the management tasks described above on a cooperative basis. In addition, these functions can
also be made dynamically multimodal, i.e., supported in a single memory controller design and
configured in situ depending on policy or other system parameters for memory controller-owned
processing, host-owned processing or cooperative processing. Depending on features supported by the
specific system (e.g., the specific customer), the memory controller can support adaptation or
configuration at design time (or programmatically at initial system configuration) to support the desired
architecture. As an example, a particular cooperative memory controller might support cooperative
garbage collection, but a system with this memory controller might not implement this type of
cooperation between host and memory system — in such a system, the memory controller can be
programmed (e.g., using a command register or mode register) to turn this management feature off.
Typically, once initially configured for a specific implementation, a memory controller will maintain its
configuration throughout system life or until the system is reformatted, although it is also possible to

support dynamic modes for some purposes.

[0094] When configured to provide cooperative management for any one or more of the areas
mentioned above, a cooperative memory controller provides methods and mechanisms for a host (e.g.,
host software) to define and detect the management condition, to query metadata in connection with

that condition, and to electively take responsive action.

[0095] FIG. 4 illustrates a process of the host-controller interaction in management condition
detection. The process starts at step 401. At step 402, either of the host or the memory controller
determines a need to assess the management condition, for example, as a function of running a routine
or based on some type of trigger. For example, in one embodiment, the host can initiate a process such
as periodic wear leveling (either via explicit command or as a result of setting an asynchronous process
in the memory controller). The memory controller can also be set for a default operation, e.g.,
automatically alerting the host or providing data unsolicitedly to the host any time all pages have been
released for a given EU; such a process can be triggered by the memory controller, which notifies the

host of a need for intervention or simply (unsolicitedly) provides pertinent information to the host. Such
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a notification can also be the result of an asynchronous process or mode selectively set by the host, as
mentioned above. Many other examples also exist. In one such example, a particular implementation
may call for specifically alerting the host "automatically" any time a page release is determined to be the
last page release for an EU (e.g., the EU is completely released); in different implementation, this
information might always be tracked by the host (or not tracked at all). Irrespective of how the process
is initiated, at step 403, the memory controller of FIG. 4 provides data to the host based on tracked,
subdivision-specific {(e.g., EU-specific) information associated with a particular parameter or metric. In
one embodiment, each exchange between memory controller and host can be performed in a manner
compliant with NVMe of SCSI, for example, using a vendor-specific extension or a vendor specific NVMe
administrative command (or similar command for other protocols). At step 404, host software checks
the value returned at step 403 against a specified threshold to determine existence of a condition
requiring intervention. On a negative determination, the process ends or otherwise loops to step 403
after a suitable delay. On a positive determination, host software proceeds to take management action
(step 405). Once management action completes, the process either concludes or is looped back to step

402.

[0096] As an example of management action, a host can initiate an explicit erase operation that
specifies an EU or equivalent physical address. Because such an operation is host-initiated, it does not
collide with a host-issued read or write request, thereby improving system performance. In a multiple
drive or a multi-die system, the host can hide an explicit erase (and garbage collection and other
functions) behind a read or write request to another system drive. For example, in such a configuration,
commands from the host can be interleaved such that as read and write operations are performed in
one die or drive, garbage collection and unit erase tasks are performed in another. In a system which
has multiple SSDs, this parallel processing ability can lead to further performance benefits. Note that this
type of parallel processing can also be performed where devices or drives are connected point-to-point

with a host.

[0097] FIG. 5 shows a method for host software to query metadata pertaining to pending
management tasks; the host software can then determine the existence of a condition and optionally
execute the response it deems appropriate. The process starts at step 501. At step 502, host software —
either in response to the management condition being detected with one of the methods described
above or at will — requests the controller for metadata. For example, the requested information can be
in the form of a map that verbatim passes tracked subdivision-specific usage data to the host, for

example, by providing a bad block, EU or page utilization map to the host (e.g., for an address range or
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for all management memory). At step 503, for each metadata range returned, host software performs
any processing appropriate on returned metadata. At step 504, if management action is to be
performed in response to the management condition being detected, host software either evaluates a
current metric based on actions performed or queries the controller for a value. Based on the value
obtained, at step 505 the host software checks if the condition still holds and if more metadata needs to
be requested. On a positive determination, the process loops to step 502 where additional metadata is

requested. If the determination is negative, the process concludes (step 506).

[0098] As mentioned, the cooperative memory controller of this disclosure can track many
different types of information representing subdivision-specific-usage. This tracking information can be
in the form of metadata 600 that represents one or more parameters, illustrated in FIG. 6. A first
tracked parameter represents unit state 605; in the case of an EU, this field can be used to store data
indicated whether the EU is bad. Alternatively, this field can also be used to denote whether the EU
contains valid host data, or is otherwise available for allocation to the host or to the controller. Status
610 can be used to track any active controller operation. Erase count 615 keeps track of the number of
program/erase cycles to date for the particular unit (e.g. the particular EU). An age field 620 keeps track
of how long it has been since data was written to the erase unit. Time in this context can be
represented in many different equivalent manners, for example, based on a time stamp or any other
desired numerical value or other metric. Read count 625 identifies how many reads have been
performed for data stored in the unit (e.g. EU) since the last erasure. In one embodiment, time since
last read can be tracked, e.g., with those memory controller or host calculating time for the EU. Address
630 keeps track of a logical address associated with the erase unit. Release Count 635 identifies number
of pages within the particular unit (e.g., EU) that have been released. The bitmap field 640 lists or
otherwise identifies pages within the erase unit that are free (i.e., available for writes), that are valid
(with actively-used data), or that are released. Depending on embodiment, this type of data can be
maintained in a variety of ways; for example, more than one field can be used to track each of these
parameters, or release status can be inferred from valid data status, or vice versa. Other alternatives
are also possible. The bitmap field can also be used to indicate whether the pages in the particular EU
were written out-of-order. The remapped flag field 645 indicates whether the EU has been allocated to
defect management. In another embodiment, the above metadata could instead be tracked on the

basis of logical erase unit, with a mapping to the physical EU also tracked as part of the metadata.

[0099] FIG. 6 should be understood as providing non-limiting examples only, that is, not all of the

listed data must be maintained by a memory controller, and each identified field should be viewed as
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optional. Similarly, there are also many other types of data, beyond those specifically illustrated in FIG.

6, which can be used.

B. Specific Management Tasks.

[0100] Flash management tasks discussed below can be grouped according to three primary
categories: Defect Management, Wear Leveling Management, and Garbage Collection Management.
Note again that these management tasks are not necessarily unique to flash memory and that
techniques disclosed herein can be applied to other memory forms as appropriate. A memory controller
with hardware to support all forms of memory controller-host interaction described in this disclosure
has logic that is multimodal or can be customized support management schemes specific to the desired
implementation. That is, optionally, a single memory controller design can support a number of
configurable options (or modes) for allocating responsibility for these tasks as described below. Prior to
discussing these options, however, it would first be helpful to revisit some of the capabilities provided
by the structures described above. Once again, in one embodiment, information can be tracked by the
memory controller and made accessible to the host in a manner that helps reduce reliance on a memory
controller to maintain detailed address translation tables. That is, for purposes of the discussion below,
it should be assumed as a default that (1) the host maintains a reasonably-accurate understanding of
physical location of data in memory and is thus capable of directly addressing data to the specific
physical locations in memory at which the data will be stored, and (2) many of the operations which
might traditionally compete with host read/write requests will instead be initiated by the host, i.e., such

that tasks are schedule so that there is no competition.

1. Capabilities.

a. Wear-Aware Writes.

[0101] As discussed above, the host can issue commands to the memory controller requesting a
listing of space that is available for writes, that is, either EUs that are erased, or pages in EUs that are not
yet written to following an erase operation; this information can be returned with wear data (used by
the host to selectively direct new writes as a priority to space that is relatively more virgin). That is,
generally speaking, the host need not track available (free) space and in one embodiment can simply at
any time request an update of available space by explicit command to the memory controller. The host

can rely on this information for a period of time (e.g., until its list of available space grows low) and the
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host can then schedule garbage collection, space reclamation and/or erase operations at a time

convenient to the host.

[0102] FIG. 7 shows flow for a method 701 by which a host targets writes of new data to specific
physical addresses in flash memory. The method begins at 703 in FIG. 7. Note that invocation of the
method can be triggered by the need for an application or an operating system to write data to
memory, per numeral 705. The host is responsible for having a list on-hand with available free space;
this list can be periodically updated by the host via query to the memory controller, e.g., after an erase
operation is performed. Note that a steps associated with such a query are illustrated in phantom-line
boxes in FIG. 7, i.e., are designated by function blocks 707, 709 and 713. That is, optionally in
connection with an erase operation, the host requests the memory controller to identify all free space,
sorted or prioritized in order of least wear; this listing is determined by reference to the memory
controller's metadata repository 711. In a system having multiple SSDs, the host can maintain a
dedicated table for each SSD or, alternatively, it can instead build a table spanning memory space for
multiple SSDs using sorted information from each SSD. "Available space" or "free space" as mentioned
earlier refers to space that has previously been erased in flash memory but has not yet been written to,
meaning it is available for immediate programming (i.e., writes). Per numeral 715, the host then
chooses a write address for data based on the list. Note that other priority schemes besides those listed
above can also be used; as a non-limiting example, space can also be assigned for writes based on data
type (e.g., specific file types) and other criteria, tracked or otherwise. After selecting a suitable
destination address, the host then issues a write command to the memory controller specifying a
desired physical address within flash memory, per numeral 717. As indicated by function block 719, the
memory controller then manages the write process and, once successful, returns a code to the host
confirming a successful write. The memory controller also updates the metadata repository (711)
stored for each pertinent EU (e.g., to indicate that the assigned space is now taken, and to update any
other tracked parameters regarding the data or use of the particular memory space). As reinforced by
function block 721, the host then updates its own translation tables (723) as appropriate, i.e., with little
to no L2P translation performed by the memory controller. In embodiments where a memory controller
is to perform its own defect management (i.e., marking the intended physical address as "bad" with data
relocation) or is to otherwise perform delegated relocation or copy without immediately reporting
remapped (L2P or P2L) information back to the host, L2P translation is advantageously restricted to a
few, notable situations. For a NVMe compatible implementation, these processes can once again be

implemented with a vendor specific command or API. For example, the host can issue a command
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requesting LUN ranges and the amount of space that the host software is considering to allocate. Upon
successful completion, the command returns a list of erase unit size logical block address ranges,
prioritized by wear, and described by (LUN, offset) pair or single offset value (if the LUN was specified in
the host request). A returned command status code can further specify whether the requested amount
of space was available, whether the request was satisfied or whether further calls are required. The
host then directs its writes as appropriate, directly specifying addresses for pertinent memory

operations.

[0103] Note that writes targeted in the manner indicated above will inherently tend to level wear in
flash memory, thereby reducing the need for wear leveling relative to some conventional schemes. As
further noted below, even with such a scheme, asymmetric wear is possible (e.g., reserving physical
address space for multi-page writes and reads can inhibit symmetric wear). Therefore, cold data
detection and consequent data relocation is advantageously performed even where wear-aware

programming is performed, i.e., to perform "limited" wear leveling as described above.

b. Page Underutilization And Stale Space Reclamation.

[0104] To address page utilization issues, including the presence of stale (unused) data, the host in
one embodiment can advantageously enquire at any time as to the extent of page utilization and/or
aged data present in a flash device or SSD. A similar analogy exists for enquiries related to tracks in a
band of shingled magnetic media. First, note that updates of memory content in such memory are
typically processed as a copy-on-write operation, which writes updated data to a new memory location,
leaving the old memory location in an unusable state (at least until the subject EU is the target of an
erase operation). Note that this operation can be performed directly by the host, i.e., with the host
reading data from a first physical location, modifying that data, writing the modified data directly to a
second physical location based on a listing of available space, releasing the first physical location and
updating metadata for the second physical location. Over time, EUs can acquire greater and greater
numbers of released pages, and so, experience low page utilization in terms of a decreased population
of still-referenced pages. Also, as certain times, it can be beneficial to inquire as to infrequently written
data, so as to proactively assess whether any data should remain at its current location. That is, while
wear-aware writes do effectively distribute wear, data that is only infrequently changed (e.g., a media
library) can still be effectively tied up as infrequently written memory space while other memory space
is more frequently cycled. "Cold data" detection processes (as well as "hot data" detection processes)

can therefore be run to identify this data and determine whether this data should be moved, and
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optionally consolidated with other data, or potentially moved to other dies or storage drives. This is to
say, "cold data" can be moved to better distribute wear in a given memory space, and if that "cold data"
has read/write characteristics similar to other "cold data," the respective data can be consolidated in
one or more specific EUs or moved to a different plane, die or drive, or to another tier of a multi-tier
storage system. This also enables the host to better match data access patterns to media
characteristics, such as access latency or available capacity. Note that shuffling various data based on

type can help improve the efficiency with which memory is used and also help better distribute wear.

[0105] As with the various schemes presented above, depending on implementation, either the
host or both the host and the memory controller can participate in this type of evaluation. For example,
the host can issue a command (e.g., a vendor-specific NVMe or SCSI command) specifying an EU or a
LUN or a range of memory space. Upon successful completion of the command, the memory controller
returns information representing the amount of capacity used by, e.g., cold data, either on a global basis
(e.g., by returning a map) or can identify "cold" or "hot" status for a specific LUN identified by the host.
The host can also (or instead) instruct the memory controller to asynchronously generate a notification
any time data meeting a specific "hot" or "cold" threshold satisfies a predetermined threshold. For
example, in one implementation, a cooperative memory controller receiving an erase command
automatically queries EUs present in the pertinent memory space to determine whether a deviation
exists from a target wear level (e.g., based on erase count deviation). The memory controller can also
provide other types of asynchronous updates to the host, for example, in response to a periodic cold
data check, with either raw metadata being returned to the host, or with the memory controller
performing a query and returning pertinent data (e.g., an indication that data at a specified location
does not meet thresholds such that it would be considered "cold"). Other operations are also possible.
As with the schemes identified above, logic on board the memory controller receives the pertinent
command, sets registers and initiates routines as necessary to synchronously or asynchronously provide

the requested data.

[0106] In some embodiments, as mentioned, the host is provided with the ability to request stale
space identification either for a flash memory as a whole, or for a specific LUN range. A function call to
this effect can be implemented with a vendor-specific command that returns a list of EUs described by
one or more offset values (e.g., based on an offset to a LUN if a LUN was specified in host request). Host
software can proactively use this method to assess units with stale data or in the context of a request
for relocation candidates. Such a synchronous process could be advantageously applied in response to

capacity pressure or other situations requiring immediate action. Asynchronous processes can also be
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used, for example, pursuant to a host command that the memory controller is to notify the host any
time global page utilization, EU-specific utilization, or available memory space match host-specified
thresholds. Note that in a storage system having multiple dies, planes or drives, a host can choose the
most suitable destination for data relocation, potentially including another die, plane or drive. For
example, a host can elect to relocate data from one SSD onto another SSD, or even onto another
memory type (e.g., a HDD). If host chooses to relocate valid or "cold data" within the boundaries of the
flash memory drive where this data resides, these techniques provide a method to relocate data without
first reading it into host memory, thereby saving 10 bandwidth and other system resources. That is, the
host can delegate a data relocation operation to the memory controller; with such an operation, the
host first queries the memory controller for a list of free address space (optionally meeting some
criteria), schedules a relocation and then (at the appropriate time) provides a relocation command to

the memory controller, with both source address and target address specified.

i. Delegated Copy/Data Relocation.

[0107] A delegated copy operation can be scheduled by the host in a manner (a) so as to not collide
with ongoing data operations, and (b) without requiring movement of the affected data either to or
from the host. Such a process is illustrated in FIG. 8 by reference numeral 801. More specifically, the
host first determines that it needs to relocate or copy data, per reference numeral 803. As a non-
limiting example, such an operation could be performed for an EU or band determined to have one or
more defective memory cells. Alternatively, such an operation could be performed if page utilization for
(e.g.) two or more EUs is low and the host wants to consolidate "valid" data so that one or more EUs can
be erased, thereby freeing all pages or other logical blocks associated with that EU. Still further, such an
operation can be performed for cold data, to move it to a new physical memory address. Also, in a
multi-die (or multi-plane) context, such an operation can be initiated by the host for the purpose of
balancing released/free space across dies or planes, i.e., to maintain a reserve of space in each array so
as to support ensuing multi-die or multi-plane writes. Depending on the amount of data that must be
copied, the host then identifies free space needed to hold the data to be copied, per function block 805.
This query can be satisfied, for example, by retrieving information (e.g. a bitmap) representing all space
managed by the memory controller; alternatively, the host can also query specific EUs or can indicate to
the memory controller the amount of space needed, with the memory controller returning a list of
available space. These options are generally indicated by reference numerals 807, 809 and 811. With
addresses for both existing and recipient data locations identified, the host then issues a command

(813) containing these addresses for the memory controller to perform a delegated copy operation. As

Page 37 of 88
Application, 2021089 / RMS-03A2

Samsung Ex. 1002, Page 309 of 393



an optional, implicit part of this command, the memory controller can be configured to release pages of
the original source addresses following such a copy operation; note that with pertinent pages
"released," the prior memory locations are in a condition where they cannot be written to until the
entire EU associated with those pages is first erased. As another optional command feature, the
memory controller can be configured to automatically check whether such a release completely frees
the pertinent EU (i.e., as a release of the "last page") and to initiate an erase operation for the EU if this
is the case. The memory controller then (815) returns a code to the host confirming successful write
and updates metadata for the pertinent EUs. Finally, per numerals 817 and 819, the host updates its
translation tables such that the host can directly address physical locations of memory, thereby freeing

the memory controller from the bulk of translation duties.

[0108] In one embodiment, a vendor-specific NVMe copy command can be used to specify a source
logical or physical block address and destination logical block or physical block address. Multiple pairs of
source and destination addresses can be specified by a single command; if such pairs are specified, any
such copy operations are executed transparently by the memory controller until the argument list is

exhausted or until the operation fails.

[0109] Note that a delegated copy operation as just described can provide substantial performance
benefits, i.e., the memory controller is relieved from the bulk of address translation duties, with the host
being primarily responsible for issuing commands that directly specify physical address. Furthermore,
the use of the delegate copy operation charges the host with scheduling of copy operations, with the
memory controller being responsible for completing a delegated copy operation once issued; since the
host is in charge of scheduling such a command, it can once again pipeline command issuance so as to
not unduly interfere with read and write operations, and it can hide a delegated copy operation behind
operations in other memory (e.g., other planes or SSDs). Delegating the copy operation to the memory
controller frees up host-controller interface bandwidth that might otherwise be consumed by the need

to send data to be copied first from the controller to the host and then back from the host from the

controller.
ii. Explicit Erase.
[0110] Memory bandwidth competition between host and memory controller can be further

reduced through the use of an explicit erase command. That is, one optional design takes scheduling of
erasing of flash memory out of the hands of the memory controller and vests it directly with the host.

The host therefore pipelines issuance of explicit erased commands at times when flash memory (e.g., a
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particular SSD) has bandwidth to process such a command; as before, in an implementation featuring
multiple dies, planes or drives, a host can hide (stack) an explicit erase to one of these structures behind
data operations to another. Note that in a multidrop or other shared command path system, such an
embodiment can interleave commands across multiple dies or SSDs, such that explicit erase operations
are performed in one or more dies or SSDs while data is exchanged in the performance of a write or

read command in a different die or SSD (e.g., with data being exchanged over a shared data path).

[0111] FIG. 9 illustrates a method 901 for explicit data relocation and/or erase operations. The
host schedules an explicit erase operation to occur either immediately, or when it has sufficient spare
bandwidth. As indicated by numeral 903, typically this will be triggered by a condition when the host
needs space (e.g., of amount X). The host then issues a command (905) to the memory controller
querying erase candidates based on low degree of page utilization. Note that with such a command,
available space is not counted, i.e., such space is already free and available — rather, in responding to
such a query, the host seeks to identify space that is released (not in active use) and for which an erase
operation must be performed for entire EUs before constituent space can once again be made available
for programming. An explicit erase command, data relocation command (e.g., delegated copy,
referenced above) or a space reclamation command can be performed as part of a garbage collection

operation.

[0112] As with commands discussed previously, synchronous or asynchronous commands can be
issued by the host, depending on desired implementation. Where the host immediately needs free
space, it can issue a synchronous command to the memory controller, for example, requiring a listing of
units (0-n) for which page utilization falls below a specific threshold (e.g., any EU where released page
space is greater than a threshold, e.g., 50% of an EU's capacity). Many choices of metric are possible,
and in some embodiments, complex conditions can be evaluated (e.g., EUs where more than 50% of
pages are released, but where less than 10% of space is currently available). In response to such a
command, the memory controller returns a listing of EUs (or logical units), sorted by any desired priority
scheme (e.g., by lowest amount of wear). Asynchronous commands can also be issued, as represented
by numerals 907, 909 and 911, seen at the right of FIG. 9. For example, some designers may choose to
set a condition where the memory controller unsolicitedly sends an alert to the host any time "available
space" tracked by the memory controller falls below a specific threshold, e.g., less than 10% of total
capacity managed by that memory controller. Alternatively, the memory controller can be configured in
some implementations to alert the host in connection with any page release if that page release causes

the subject-EU to have page utilization below a specific threshold (e.g., 0-20% of that EU is in active use,
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or #pages released >60%, representing a possible space reclamation candidate). As yet another
example, a memory controller can be configured to notify the host any time overall memory (under)
utilization (e.g., released page count to valid page count) exceeds a specific threshold. Commands that
invoke these functions are examples of asynchronous commands, because the memory controller might
respond immediately (e.g., if the specified condition were already satisfied) or at a later point in time
(e.g., at a time of later occurrence of the condition specified by the command). As noted by numeral
913, a delegated copy command can then be executed by the host to relocate any valid data from an EU
selected for an erase to a specified target, with all constituent pages of that EU then being released or
otherwise unused. Then, per numeral 915, the host issues an explicit erase command. Note that for
embodiments that use reserved physical space that are preallocated for multi-page writes, the host can
include logic that ensures consistency for erased units; that is, if one EU associated with multi-page
writes is erased, it may be desired to erase counterpart EUs (e.g., in adjacent planes for multi-plane
writes), and host software can be configured to automatically check related or linked space. The
memory controller can manage the erase operation (e.g., as a sequence of P/V cycles applied to a
substrate well of affected memory) and return a code to the host confirming successful erase for each
affected EU (917). In a NVMe-compatible embodiment, an explicit erase command can be implemented
using a vendor-specific extension of the "Deallocate" administrative command. The memory controller
at this time also updates its local metadata repository for the memory in question, for example,
identifying all logical units of the pertinent EU as "available," adding the EU to a list of available space,
and so forth. Finally, upon receipt of the confirmation code from the memory controller, the host then

updates its translation tables as appropriate (919/921).

[0113] Note that once again, explicit erase provides a benefit in that this operation is scheduled by
the host (i.e., to avoid conflicts), with the host maintaining primarily responsibility for L2P address

translation.

c. Determination Of Geometry and Physical Addressing.

[0114] To facilitate cooperative memory management and otherwise permit the use of discrete
storage drives, a cooperative host and/or cooperative memory controller can provide a mechanism to
permit the host to have insight into flash array geometry. To this effect, the host can request (or the
memory controller can transmit to the host) information indicating the type of memory present,
capabilities of the memory controller and other parameters. Such a task can be implemented with a

vendor-specific extension to the NVMe Identify Controller command, where the memory controller
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responds by returning information such as the number of channels, targets per channel, LUNs per
target, and number of EUs per LUN, and whether the memory controller supports specific management
schemes for defect management, wear leveling or garbage collection, discussed below. Geometry
information can also additionally include physical EU and page size, as well as many other types of
information. This information can be used by a host to configure operation with the particular memory
device or drive, and to configure wear leveling, garbage collection and other schemes as appropriate.
For example, the host and/or the memory controller can upon power-up request device configuration,
and can then set the pertinent scheme(s) by responsively configuring a mode register. The pertinent
scheme can be selected according to policy (e.g., based on the configuration of memory available or

other system requirements).

2. Management Tasks: Configurable Allocation Of Responsibilities.

[0115] A cooperative memory controller and cooperative host can generally support one or more
of a host-owned, memory controller-owned, or shared schemes for managing various tasks associated
with flash memory. The particular choice of configuration is an implementation choice, and can depend
in any given system of the type of data being managed, desired performance parameters, file
management or network policies, or other factors. For example, a music server or video server
application (e.g., where data has read-mostly characteristics and where data is read intermittently)
might be more amenable to a host-owned scheme than to a memory controller-owned or shared

scheme.

a. Defect Management.

[0116] Flash memory, as with any storage media, is potentially subject to data errors. While read
errors are proactively handled using EDC techniques, write and erase errors may occur at random over
the device lifetime, with some units initially marked unusable (i.e., bad) and others being initially good,
but later being found to be bad and marked as bad over time. These units, whether initially bad or later
marked as bad, are tracked by either the flash memory controller or the host so that writes of data are
not directed to these units. Thus, a cooperative memory controller and host will typically support a
scheme for managing defects which are detected in flash media. As with other management functions,
whether a given implementation uses host-owned, memory controller-owned or shared defect
management can be configured according to preference, for example, adapted at initial power-up (for
example, in dependence on detected device or system geometry, policy and other considerations), via
the programming of a mode register. For example, the registers illustrated in FIG. 3C can be used for
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this purpose. Note that in each mode or scheme discussed, the memory controller can still provide
some form of cooperative input to the host, for example, by serving stored metadata, providing
functional returns to host-initiated queries, using on-board storage for metadata and associated
processing logic. That is, a cooperative or shared management task should not be confused with a
cooperative memory controller that provides certain functional services (e.g., including the serving of

subdivision-specific data) that can be electively used by the host.

i. Host-Owned Defect Management.

[0117] For host-owned defect management, units marked unusable by the chip or device
manufacturer are identified during first time device initialization. Host software is then expected to
query the memory controller or the memory for this defect list using the method provided by the

controller.

[0118] In an embodiment where host-controller communications are NVMe compatible, the host
software and flash memory controller can interact using a vendor-specific GetLogPage command. When
issued by host software, such a custom command is structured so as to return a log page describing
logical address ranges marked as unusable, with each range identified by starting logical block address
and the length in logical blocks (e.g., in pages where a page is the logical block size identified by the
host). Recording defect areas so as to proactively manage further read and write access to the correct
address is then the responsibility of the host. Note that the effect of such host-owned defect
management is that once again, there is no need for L2P translation at the memory controller - the host
registers and tracks defects and consequent changes in physical locations of data, and then it directly

accesses that data as appropriate.

[0119] Subsequent write errors that occur can be incrementally reported back to the host software
without further memory controller involvement in directly managing those defects. Such general
interaction is generally designated by reference numeral 1001 in FIG. 10A. Generally speaking, the host
first initiates a write command, per numeral 1003, and the memory controller detects the occurrence of
a write error, for example, a timeout after reaching a programming limit (e.g., maximum write time out
or number of program-verify cycles); this write error is then reported back to the host (1005). The error
condition is then recorded by the host (1007) so as to avoid further writes to the area in error, with
writes directed by the host to another location. The host marks the unit (EU or other unit as bad). In
addition, any memory operation retry in this mode is advantageously controlled and performed solely
by the host software, with the memory controller confirming a successful write to the host and also
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updating local metadata for correctly written data (and optionally, for the bad blocks as well). Note
that, once again, the fact that the host updates translation tables so as to avoid future writes to the
location avoids the need to maintain L2P translation infrastructure at the memory controller (1011,
1013). When configured to execute in this host-owned defect management mode, the controller does
not need to reserve any spare for defect area remapping and thus can advertise full device capacity to
the host, such that the memory controller is not required to implement even a minimal L2P capability
for this mode. That is to say, the memory controller need not reserve spare capacity since all address
assignment and defect tracking is owned by the host, i.e., such that there is no form or remapping
performed by the memory controller and all physical address assignment to new writes is exclusively

owned by the host.

[0120] When the host owns defect management, the memory controller is typically inhibited from
attempting a unit erase operation due to the inability to handle erase errors that could occur. To
overcome this issue, for host-owned defect management, the host explicitly initiates all erase
operations, with a status code returned to the host software that specifies whether the erase operation
completed successfully or failed. Recording the unit that experienced an erase error so as to avoid

further writes to a "bad" EU is then once again the responsibility of the host.

[0121] Note that it was referenced above that the memory controller, the host, or both can track
lists of free erase units. In connection with defect management, a reserve of available space is kept on
hand in order to provide a pool for immediate reassignment of writes when a defect is detected. Such a
list can be implemented in a manner that supports midstream insertion of an EU after erasure. In one
embodiment for example, when spare capacity is low, the host can initiate an operation that identifies
candidate blocks for erasure in a given memory die, device or drive. A memory controller sharing
responsibility for defect management might already be charged with managing a list of erased units that
it holds for spare capacity. A cooperative host can identify pages with low page utilization, move any
active data, instruct the erasure of associated EUs, and instruct the memory controller to add newly
erased units to its list of free pages. If desired, this list can be organized according to a desired priority
criteria, e.g., as a FIFO list, according to wear, or using another priority scheme. In one embodiment, the

list can be organized as a B-tree, or alternatively, as a hierarchical doubly linked list.

[0122] In addition to prioritization, as indicated earlier, it can be desired to factor whether affected
memory is used for multi-page writes and reads. For example, if one EU (storing at least some multi-

page data) is determined to be a candidate for data relocation, then perhaps any "paired" EUs in
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adjacent planes should be subject to the same scrutiny; the host optionally includes software to manage
this task. Alternatively, if a separate pool or class of multi-page space is to be kept on-hand, a separate
"spare capacity" process can be used for each such pool or class. Specifically, for multi-plane or multi-
die operations, a process can be invoked to ensure that each plane/die has at least a minimum pool of

free space, so as to avoid inhibiting writes to multi-page space.

ii. Shared Defect Management.

[0123] While providing host software with complete control over media defects, host-owned
defect management can exert an extra burden of defect list management on the host software; this may
be undesirable for some applications. Shared responsibility for defect management using principles of
this disclosure can instead be used. That is, the memory controller can detect defects in accessed
memory and can maintain a defect list across power failures, reporting this information to the host as
needed. Upon detection of a defect, the memory controller reports this information to the host and
optionally marks physical blocks associated with the error as bad. If the memory controller is operated
in a cooperative wear leveling mode, then depending on embodiment, the memory controller will not

suggest a defective area for allocation.

[0124] In one embodiment, write errors as they occur are reported back to the host software. Host
software can then instruct the memory controller to mark the particular physical block of memory cells
associated with the error as bad (and to update local information that tracks defects). In a NVMe
context, such a method can be performed using a WriteUncorrectable command that, when issued,
instructs the controller to add a specified logical block address range to the bad block list, maintained in

storage of the memory controller.

[0125] Units marked unusable by a chip manufacturer can be identified during first time device
initialization and saved in the defect list in the controller's internal memory. The memory controller
preferably further guarantees persistence of the defect list across power-cycles, so that defect
information is always up-to-date. Host software is permitted to inquire at any time whether a given
address range or block has been previously marked as bad, or to query the memory controller for the
complete defect list. In a NVMe embodiment, such a query can once again be implemented with a

vendor-specific NVMe administrative command.

[0126] As seen in FIG. 10B, as with host-owned defect management, a cooperative memory

controller can once again provide for an write operation to be initiated by host software (1023), with an
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alert code being returned in the event that the write operation failed (1025). Host software may then
request the memory controller to identify the bad unit in the memory controller's defect list and the
host then attempts a rewrite (1027). Once again, once the retried write is successful, the host and the
memory controller update translation tables and metadata respectively (1029, 1031, 1033). As before,
because the host is informed of a failed write and locally maintains precise physical address identifiers
for each page, the memory controller is substantially freed from having to provide for an L2P
mechanism. When configured for cooperative defect management, a memory controller once again
does not need to reserve any spare capacity for defect area remapping, and can instead advertise full

device capacity to the host software.

[0127] In some embodiments, host software can be permitted to classify an EU or a smaller address
range as unreliable due to read error detected using the additional data integrity features mentioned
earlier or other host-specific features. Host software can therefore be provided with an option to
request that this range to be added to the defect list using the method described above. This option

provides for greater flexibility in error detection and correction at a system level.

iii. Memory Controller-Owned (Transparent) Defect Management.

[0128] Optionally, in situations where the memory controller manages defects, when write or erase
errors occur, they are not reported to the host software unless the controller is out of spare capacity
(e.g., to remap data). That is, if sufficient spare capacity exists, defective areas can be automatically
remapped by the memory controller, transparent to host, and added to the defect list maintained by the
memory controller. This configuration is represented by FIG. 10C, and is generally denoted using

reference numeral 1041.

[0129] As before, a defect is detected in the event of a failed write (1041, 1043). The memory
controller detects this error and updates local metadata (1045). However, in this mode, the memory
controller does not immediately notify the host. Rather, the locally maintained metadata is updatedin a
manner that flags a remapping situation, and the memory controller reserves some spare capacity for
redirected writes. The memory controller also updates a locally-maintained bad block list (1047); note
that as indicated in FIG. 10C, each of these pieces of information can be once again maintained on a per-
EU or per-logical unit (LU) basis. When the data is correctly written to substitute EU(s), the memory
controller returns a code indicating completion of a successful write (1049). Per function blocks 1049
and 1051, ensuing reads to the remapped data are detected by the memory controller based on
correspondence of a read address with physical address of the defective "bad" block; the memory
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controller transparently obtains the remapped physical address from the metadata associated with the
bad block and services read requests directly from the remapped space. Note that when configured in
this mode, the memory controller continues to store information tracking usage for each subdivision of
memory, and continues to serve this information to the host. The memory controller can also provide
query capability as referenced above. As use of the memory progresses over time, and as wear leveling
and garbage collection occur, the host will be informed of new available memory that does not include
marked "bad" blocks; as a consequence, physical address assignment for new writes ultimately moves
remapped data to a different memory location, thereby avoiding the "bad" blocks. In turn, this results
in the host once again having a direct physical address for the data in question (1053, 1055). In other
words, irrespective of the fact that the memory controller owns defect tracking in this scheme, the
extent of L2P remapping is advantageously both minimal and self-limiting. The host manages address
translation for data reads, but because defect space in practice will be limited, the memory controller

should not require large search trees or other complex mechanisms to perform address translation.

[0130] When spare area reserved for defect remapping is exhausted (or falls below a
predetermined threshold), the controller issues an alert to the host or otherwise flags an error condition
to draw the attention of the host. In a NVMe-compatible embodiment, such an alert can be raised with
an asynchronous event notification. The host software can then take the appropriate actions such as
switching to another supported defect management mode, initiating garbage collection or data

relocation, or using some other process.

[0131] Note that if spare capacity is completely exhausted, this even can threaten and potentially
halt normal device operations. As alluded-to above, the host can also take management action to
increase the amount of defect spare when a defect-spare management condition is detected. That is,
host software may pro-actively address potential spare capacity run-out by improving spare capacity by,
for example, initiating space reclamation, garbage collection or data relocation operations or using

another process that can improve usable device capacity.

b. Garbage-Collection Management.

[0132] As discussed earlier, a page in NAND flash memory cannot be rewritten until an entire EU
including that page has been erased; this is the P/E asymmetry referred to earlier, and is not unique to
flash memory. Some memory controllers operate by detecting an attempt to write to a previously-
written page (i.e., a page that has already been programmed but not yet erased) and responsively
implementing a copy-on-write operation. With such an operation, the memory controller remaps the
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page or other logical quantum of data by remapping it to erased location. Over time, the number of
unused pages grows without any free space being reclaimed due to the P/E asymmetry. To reclaim
released space, memory controllers are periodically forced to run a garbage collection task, where they
locate and consolidate partially used erase blocks to reclaim space. Conventional garbage collection
practices can require substantial reserved buffer space, up to 20% of available storage capacity, to
compensate for non-reclaimable released space, and can compete with write coincidentally initiated by
the host. Performance penalties associated with these conventional practices management can be

especially pronounced when page utilization exceeds 50-60%.

[0133] Host-owned and shared garbage collection techniques permit significant reduction of these
performance penalties and associated overhead. As before, in one embodiment, a cooperative memory
controller and/or cooperative host can be made configurable so as to support host-owned, memory
controller-owned, or shared garbage collection management responsibilities. Host-owned and shared
garbage collection techniques are discussed with reference to FIG. 11A, while memory controller-owned

techniques are discussed in reference to FIG. 11B.

i. Host-Owned And Shared Garbage Collection.

[0134] In a host-owned garbage collection process, generally designated 1101 in FIG. 11A, the host
can assume full control and responsibility for garbage collection, including candidate unit selection, and
relocation of valid (active) data, and also typically therefore assumes responsibility for released space
accounting. The operation is initiated when a host process detects a threshold condition related to
garbage collection, as referenced by numeral 1106. Unit erase operations and actions to reclaim free
space are thereafter initiated by host software with an explicit erase command, for example, as
described in connection with defect management above. The host is further expected to appreciate P/E
asymmetry and to apply any garbage collection candidate identification logic to ensure the desired
amount of free units or available capacity; the host (or optionally the memory controller) performs
released space accounting, to track page utilization for each erase unit. Such functions can be facilitated
via the information stored and made available by the memory controller presented by this disclosure,
and the queries that can be run to such a memory controller. That is, the memory controller can
provide page utilization information to the host, which can determine scheduling, pull data, issue erase
commands and rewrite data as necessary. Based on this information, the host schedules garbage
collection and selects both source locations and destination locations for any data that is to be relocated

(1115). As indicated by dashed-line block 1117, if supported by the particular implementation, the host
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can delegate a copy operation, for example, as was discussed earlier. Such an implementation has the
advantage that a data relocation operation does not require moving data back and forth to and from the
host, and thus, does not encumber a data communication path between the host and the controller.
Alternatively, if it is desired to copy the data to the host (e.g., to move data to another SSD), the
copy/relocation operation can be directly performed by the host. When data is properly written as part
of such an operation, the memory controller returns with a confirmation to the host and successfully
updates its metadata as appropriate (1119). As denoted by numeral 1121 and as previously discussed,
the memory controller can be configured as an option to automatically release old pages that were the
source of relocated data, and to automatically erase any EU once the last remaining unreleased page
has been released. Alternatively, if this function is not automatically performed, the host then issues an
explicit erase command 1123, and the memory controller then returns a code indicating successful
erase. Per numerals 1125 and 1127, as the host schedules the operations and is informed of associated
physical addresses, the host can once again directly update its own translation tables, without need for

a complex translation mechanism at the memory controller.

[0135] Dashed-lines in FIG. 11A are also used to discuss shared responsibility for garbage collection
management. In addition to host detection of a threshold condition relating to garbage collection, this
can also be performed at the memory controller (1105), as a default function or programmatically
configured as a result of an asynchronous command from the host. The first task associated with
garbage collection scheme is the identification of released, but not erased, memory space present.
Accordingly, the host is advantageously provided with the ability to query each flash memory controller
present in a memory system as to whether such space is present. Again, this information can be
returned in the form of a map or in a manner specific to ranges of addressable memory (1111). In
addition, a cooperative memory controller can also be configured to return general metrics such as the
extent of page utilization or the number of released pages for a memory plane, die or device in general.
This latter information could be used by a host, for example, in selecting a specific one of multiple dies,
devices or SSDs as a garbage collection operand. Further, these techniques can also be performed
unsolicitedly, for example, they can be triggered automatically by a different type of command or in
connection with an asynchronous process; otherwise stated, a different type of command can trigger an
alert of the sending of data to the host as a result of a metadata update that causes specific metadata to

satisfy a threshold.

[0136] In one embodiment, the ability to query a flash memory controller is implemented with

vendor-specific NVMe command specifying a particular LUN, or requesting a return of information for
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an entire flash memory device or drive. Upon successful completion of the command, the memory
controller returns information to the host representing the amount of released space that may be
reclaimed and the amount of valid data that needs to be relocated for reclamation to happen. In yet
another embodiment, the memory controller can asynchronously notify the host when released/free
non-reclaimed space reaches a predetermined threshold. For example, a host can issue vendor-specific
NVMe asynchronous event request to a particular memory controller that specifies a threshold
reclaimable space needed to trigger alert of the host. The flash memory controller then responds
asynchronously each time it detects the specified condition, notifying host software of the condition and

delivering condition specific information (including any address range in question).

[0137] As mentioned, as an option, the host can query (1109) the memory controller for a
suggestion of suitable garbage collection candidates. Logic on board the memory controller receives
this requires, processes stored metadata (1111), and responds as appropriate (1113). For example,
depending on implementation, a response can identify a predetermined number of EUs in order of page
(under) utilization. Alternatively, the response could rank all EUs in the flash memory being managed in
order of suitability for garbage collection. As a further option, if the host command specified an amount
of space to free up, the memory controller could return an identification of EUs which, when
consolidated, would provide the specified amount of free space. Other options are also possible. As
with other functions described above, the memory controller services this query by processing locally

stored information (e.g., metadata, 1111).

[0138] Once again, if multi-page (e.g., multi-plane, multi-die or multi-track) reads and writes are to
be supported, the garbage collection tasks can be performed for each "linked" or "paired" array, e.g., to

ensure consistency across dies or planes in a manner that ensures sufficient available capacity.

iii. Memory Controller-Owned Garbage Collection.

[0139] Memory controller-owned garbage collection typically requests some type of L2P tracking
local to the memory controller and it therefore entails different considerations than embodiments
discussed above. Nevertheless, a skilled designer could implement such a scheme in a manner
consistent with a memory controller that tracks and serves information (e.g., metadata) for host access.
FIG. 11B depicts one possible method (1141) of managing this process. More specifically, a memory
controller detecting a need for garbage collection (1143) performs local space consolidation, data
relocation and erase operations (1145). In association with these actions, the memory controller
updates its local metadata (1147) and transmits a consequent logical to physical mapping back to the
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host, together with metadata that enables the host to perform a reverse lookup and consequently build
its own address translation table for files (1149, 1151, 1153). Thereafter, the host performs memory

operations (such as read commands) based on the physical address of data.

[0140] Other schemes consistent with memory controller-managed garbage collection are also
possible; a designer, however, wishing to minimize control overhead associated with managing flash
memory (including avoiding L2P overhead), will typically elect the clear advantages presented by the

host-owned and shared configurations discussed above.

C. Wear leveling Management.

[0141] As noted earlier, flash memory typically can sustain a limited number of P/E cycles, e.g., tens
to hundreds of thousands. As the number of times the unit was erased approaches the manufacturer

defined limit, the unit wears out and finally becomes unusable such that data cannot be retained.

[0142] The cooperative management techniques of this disclosure permit host software to take full
or partial responsibility of wear leveling. As before, a cooperative memory controller and/or
cooperative host can support configuration of a host-owned, memory controller-owned, or shared wear
leveling scheme. Also as discussed before, the pertinent scheme can be selected in dependence on a

mode register or system configuration process or at system design time.

i Host-Owned And Shared Wear leveling.

[0143] Host-owned and shared wear leveling schemes are generally represented by FIG. 12A.
Generally speaking, whichever scheme is selected, the host can generally improve wear leveling by
performing wear-aware writes, as generally denoted by reference numeral 1203. As mentioned, in
some cases, wear leveling might still sometimes have to be performed, for example, due to "hot" and
"cold" data. Generally speaking, the need for wear leveling can be detected either by the memory
controller or the host, as represented by numerals 1205 and 1206; a number of measures can be used
for this purpose, such as a detection of a difference in EU wear for a given memory range exceeding a
predetermined threshold. Alternatively, a statistical measure can also be used (e.g., statistical variance)
to inherently apply a weighted measure across the entire memory range being managed by a memory
controller. Once again, if reserved space is to be used to support multi-page writes and reads of
different page sizes, it can be advantageous to support either a separate wear leveling process for each

class of reserved space (e.g., for 2-page writes), or alternatively, to periodically change the physical
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addresses used for these operations (e.g., so as to periodically swap EUs for single plane writes with EUs
paired for multi-page writes, thereby "precessing" space assignment for each reserved class through

available physical space).

[0144] For host-owned wear leveling, once again, the host can poll a memory controller to request
a bitmap from the memory controller or can maintain its own tracked parameters representing uneven
wear. Note that for many embodiments, tracked wear parameters will be maintained at a location
consistent with where processes are run to detect wear leveling, but it is also possible for example to
use host-monitoring of wear based on memory controller-maintained metadata. Irrespective of the
source of the wear data, for host-owned wear leveling, the host identifies candidate address ranges that
are to be redistributed or recycled. For example, if wear-aware writes fail to evenly distribute wear, it
could be that cold data is being recycled differently than hot data; note that this situation is slightly
different than the issue of low page utilization mentioned earlier, i.e., in this case, an EU might be highly
utilized for reads, but might have pages that are released only infrequently. If this data is periodically
moved, then this underwritten memory can be used to dilute wear attributed to frequently written
data. The host can also continuously track such information and, irrespective of the mechanism used to
acquire data, the host monitors data to detect occurrence of one or more threshold conditions relative
to wear (1206). With host-owned wear leveling, host software assumes full control and responsibility
for scheduling and initiating wear leveling, and for selecting source data addresses and destination
addresses associated with copy operations (1215). Once again, the host can perform copy operations
itself, pulling data back to the host (e.g., for transferal to another drive); it can also issue a delegated
copy command as discussed above (1217), for example, for relocations within or across planes or dies
within a given SSD. Successful operations are confirmed by the memory controller and also form the
basis of updates to metadata (1219, 1211). Release of source pages for copy operations and unit erase
operations are again initiated by the host software (1221), for example using an explicit erase command,
as described above. When old space is erased and available to receive new data, the memory controller
provides a confirmation code to the host (1223), which can then serve as a recipient address for another
data copy/relocation operation. Note that many types of tracked data can be used to assist in wear
leveling management, for example, tracked metadata representing data type, read frequency, write
frequency, and other measures can be considered in determining whether data is "hot" or "cold," and
thus whether data should be moved. Also note that with the mentioned confirmation codes, the host
once again advantageously maintains a current list of physical addresses for all data stored in flash

memory, updated as appropriate following transaction completion (1225, 1227). The use of these
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physical addresses in association with file structure by the host will be discussed further below in

connection with description of an exemplary storage server.

[0145] FIG. 12A also represents a scheme for shared responsibility over wear leveling. In such a
scheme, the host can be permitted to query the memory controller as to what units are most suitable
for allocation based on wear considerations (1207, 1209, 1213). A synchronous command can once
again be used (1209) to cause the memory controller to run a query based on stored metadata (1211)
and to return a result to the host (1213); as indicated in FIG. 12A, this result can be expressed in the
form of a list that identifies a "suggestion" of candidate address ranges that are to be redistributed or
recycled. Per numeral 1213, a list can be provided to the host based on time since last write, low wear,
and so forth. The host can then explicitly direct new writes to specific EUs or other physical units based
on this information. In addition, the memory controller can also be programmed using an asynchronous
command to alert the host when a predetermined wear threshold or set of thresholds is achieved
(1205). Note that, as discussed elsewhere herein, some limited L2P mapping can still be performed by
the memory device, but with the use of direct addressing, it is expected that translation issues can be

minimized, greatly reducing the possibility of memory controller task competition with host requests.

ii. Controller-Owned Wear Leveling.

[0146] A storage system can also implement a scheme where wear leveling is managed by the flash
memory controller; the memory controller manages wear detection transparently to host by itself
detecting the need to remap units to ensure uniform wear distribution. In one embodiment, the host
can then schedule wear leveling (e.g., data relocation and unit erase), and in a second embodiment, the
memory controller can transparently schedule and one or both of these functions. Such schemes still
have context in a cooperative host-controller management scheme. For example, a memory controller
transparently scheduling and performing data relocation can periodically report new L2P mappings to
the host, which then updates its addressing information to implement direct physical addressing as
indicated earlier. Further, a memory controller can still make metadata available to the host for most
other management functions, for example, cold data relocation via both asynchronous and synchronous
mechanisms described above. It should be noted though that if a memory controller transparently
manages these functions, the functions can potentially collide with other host requests unless measures
are taken to avoid collision; for this reason, in many embodiments, scheduling of wear leveling and
other operations involving data relocation, unit erase and so forth can advantageously be reserved to

the host.
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[0147] Memory controller-owned wear leveling typically utilizes some type of L2P assignment and
tracking local to the memory controller and it therefore entails different considerations than the
embodiments presented earlier. That is, such an embodiment features additional overhead associated
with an L2P translation mechanism in the memory controller; even in a situation where such
reassignment is limited (e.g., entire EUs are simply remapped to spare EUs, such that for example,
internal page ordering is preserved), this can potentially compete with host operations and create
unpredictable latencies. Nevertheless, a skilled designer could implement such a scheme in a manner
consistent with a memory controller that tracks and serves information (e.g., metadata) for host access.
FIG. 12B depicts one possible method (1241) of managing this process. More specifically, a memory
controller detecting disparate wear (1243) performs local space consolidation, data relocation and erase
operations (1245); as mentioned, these can be advantageously scheduled by the host, with the memory
controller then commanded to oversee these operations at the scheduled time. In association with
these actions, the memory controller updates its local metadata (1247) and transmits a consequent
logical to physical mapping back to the host, together with metadata that enables the host to perform a
reverse lookup and consequently build its own address translation table for files (1249, 1251, 1253).
Thereafter, the host performs memory operations (such as read commands) based on the physical

address of data.

[0148] Other schemes consistent with memory controller-managed wear leveling are also possible;
a designer, however, wishing to minimize control overhead associated with managing flash memory, not
to mention avoiding L2P overhead on a flash memory device, will typically elect the clear advantages

presented by the host-owned and shared configurations discussed above.

C. Shared Responsibility For Physical Address Management.

[0149] In some implementations, it might be desired for the memory controller to assign physical
addresses for new data writes and then report these addresses back to the host; this is to say, in such an
implementation, the host might not have architectural features required to assign physical addresses on
its end so as to account for in-flight 10 operations and to ensure maximum attainable device bandwidth
utilization. Under such circumstances, the physical address allocation task can be beneficially delegated
to the memory controller. To minimize latency and otherwise benefit from direct addressing in such
circumstance, it is advantageous to provide physical addressing assigned by the memory controller back
to the host, in order that the host can associate physical addressing with file-level and other logical

addressing structures and appropriately update its L2P translation tables. This is to say, as part of the
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write operation, the memory controller extracts logical address, assigns physical address, updates its
tracked metadata to track these addresses, and then reports this addressing information back to the
host; the host, based on the logical address it specified and the physical address(es) returned by the
memory controller, updates its tracked information so as to maintain L2P mapping. Such a process can
also be used by the memory controller to provide address information back to the host in associated
with a delegated copy or relocation operation, and with forms of controller-managed wear leveling and

garbage collection (if implemented).

[0150] In another embodiment, the memory controller further cooperates with the host by keeping
track of backward address translations. This enables the host to derive logical addresses of the data
block given their physical addresses as returned by the controller in response to queries such as used for
managing garbage collection (GC) and "cold" data relocation (e.g., WL) candidates (e.g., such that the
host is able to map new physical addressing to the pertinent logical files and addresses). Where the
host software requires logical addresses to perform relocation, it can request the controller to return,
for each block range suggested in the query response, metadata provided by host software when the
block was written. That metadata, in particular, can contain a physical-to-logical mapping allowing for
the physical block address as returned by the controller to be translated to the logical block address
used by the host storage software. Once again, this permits the host to thereafter use physical
addressing, avoiding costly extraneous address translation in the memory controller for 10 operations.
In one embodiment, this scheme is supported by native memory controller hardware and, once again,
can be selected at initial power-up by programming pertinent registers on board the memory controller,

such as the registers seen in FIG. 3C.

[0151] In a NVMe-compatible embodiment, both types of addressing-related exchanges between
the host and the memory controller can be implemented using a NVMe logical block metadata exchange
mechanism. To inform the host of memory controller assigned physical addressing (i.e., L2P
correspondence), the memory controller specifies as part of the logical block metadata vector the
physical addresses assigned to each logical block associated with the host write command. To store the
host-provided logical addresses for subsequent retrieval and use (e.g., for GC or WL processes), logical
addresses are sent from the host to the memory controller as logical block metadata accompanying a
write command, and then are stored as part of the per-subdivision (e.g. per EU) metadata storage

maintained by the memory controller for all managed memory.
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[0152] Note that by using the NVMe logical block metadata structure, both types of exchanges
retain the standard 10 addressing interface and are compatible with the NVMe structure while at the
same time providing the host with the ability to specify appropriate (i.e., logical or physical) addresses as

needed.

[0153] Such a process is generally designated by reference numeral 1301 in FIG. 13. In this process,
the host initiates a write command to the memory controller, as generally indicated by function block
1303. This write command specifies a logical address. The memory controller, upon receipt of this
command, queries available space and assigns physical addressing as appropriate to the new write data.
It also updates its local metadata storage with the pertinent information, indexed by physical unit (1305,
1307). This is to say, the memory controller maintains this information per erase unit (or other unit)
information for the entire managed memory space. In the case where physical units such as EUs,
physical pages, bands, tracks, etc., are tracked, the memory controller stores each corresponding logical
address as metadata for the pertinent physical unit. As mentioned, in another embodiment, the
memory controller can also track this information in a manner indexed by assigned logical unit (e.g.
block or page). The assigned physical address is then transmitted back to the host (e.g., as a
confirmation code), per numeral 1309, and the host updates/builds a L2P translation table by processing
this data. Finally, the host updates its translation tables as appropriate (1313, 1315); as before, because
the host maintains L2P information for all files stored in flash memory, it uses direct addressing (i.e.,
addressing of physical units) notwithstanding the presence of the memory controller (1317). That is, the
memory controller is advantageously not encumbered by time consuming translation or address lookup
mechanisms (or uses greatly simplified mechanisms with substantially simplified translation). Thus, for
delegated data assignment (or the other mentioned processes), the memory controller can support
resident space assignment, while at the same time providing the benefits of access to specific physical

addresses dictated by the host.

[0154] FIG. 13 also represents a process usable by the memory controller in connection with
garbage collection (GC), wear leveling (WL) and certain other processes. That is, in a scheme where the
host manages physical addressing (and specifies destination addresses for GC and WL processes) but
where the memory controller is charged with suggesting garbage collection and/or wear leveling
candidates, the memory controller advantageously informs the host of logical data correspondence
associated with those candidates at the time of making suggestions; in this manner, the host can update
its address references as part of the GC or WL process. This functionality is various represented by

dashed line blocks 1310 and 1311 in FIG. 13, and by solid-line blocks 1313, 1315 and 1317.
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[0155] Those skilled in the art will recognize that other combinations of sole/shared management

schemes other than those shown above are also possible.

[0156] With basic implementation of a cooperative memory controller and/or cooperative host
thus described, this disclosure will now proceed to a description of an exemplary storage system

configuration, with reference to FIGS. 14-19.

1. Architecture Of An Exemplary Storage System Or Subsystem.

[0157] FIGS. 14-19 are used to illustrate functions introduced above in an exemplary storage
system. For purposes of this discussion, it will be assumed that a storage system or subsystem includes
plural storage modules or drives, one or more of which is based on NAND flash memory solid-state
devices (i.e., integrated circuits). Again, these techniques may be extended to systems not rooted in
NAND flash memory. A "drive" as used in this section denotes any grouping of memory that has a
common memory controller, meaning a common interface that interprets commands and that directs
memory access operations and associated physical addressing to dies or other forms of memory as
appropriate. A memory controller can be in the form of an integrated circuit, and a drive can be in the
form of a memory module, board, or other type of subsystem. Each drive can have one or more
memory integrated circuits, disks or other storage media that are selected and accessed by the
respective memory controller. Other configurations are also possible. The storage system can
optionally be a hybrid or heterogeneous storage system; that is, the storage system can have plural
drives, at least one of these is NAND flash-based solid-state drive (SSD), and one or more of these can
optionally be a magnetic drive, such as a hard disk drive (HDD). In the context of a network-based
storage appliance, the storage system or subsystem can be configured as a storage server having plural

drives, each of which is a separate memory module.

[0158] As has been introduced previously, each SSD (and optionally, each other drive) in such an
embodiment supports functional calls from the storage system to identify drive geometry. In one
embodiment, drives can therefore be made interchangeable, with storage system dynamically adjusting
its practices for any particular drive and the system as a whole according to whether the particular drive
is a NAND-flash based and according to drive geometry. This architecture provides for host-controller
cooperation in managing NAND flash memory-based storage devices in direct-attached and/or network-
attached storage environments based on existing host storage software features, with minimal
modifications of the latter. To that end, host storage software can be modified and configured (relative
to conventional designs) to perform management tasks as required by unique NAND flash memory
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requirements, with NAND-based storage device controller providing supportive information and
features needed. These same techniques can also be applied to other P/E asymmetric technologies. By
redefining host and controller responsibilities, with management task control regained by the host
storage software and each controller providing locally maintained metadata for cooperative
management task execution, host-controller management feature duplication and associated

disadvantages are avoided.

[0159] FIG. 14 illustrates an exemplary system 1401. In particular, a storage server 1403 receives
requests to read data or to store data (and, optionally, requests for processing that data) from one or
more clients 1405. These clients each have respective applications 1406 which generate the respective
data-related needs. The clients can each be desktop or laptop computers, smart phones, pads or other
devices, or other types of digital systems. Each client 1405 sends requests to the storage server 1401
and receives responses via a network, e.g., a local area network (LAN) or a wide area network (WAN)
such as the Internet. The storage server, in turn, manages plural drives, each of which can be an SSD
(e.g., a flash based drive), a HDD or another type of drive. As seen in FIG. 14, each drive also has its own
dedicated memory controller, either bundled together as a single assembly 1409, or as separate devices;
for example, assembly 1409 is seen to include a SSD controller 1411 and a SSD 1413. To simplify FIG.
14, a dashed-line box is shown only for assembly 1409. The SSD controller 1411 can be a NAND flash
memory controller and the SSD 1413 can have one or more NAND flash memory devices. FIG. 14 also
shows optional presence of other dedicate assemblies, 1415, 1417 and 1419, in this case seen to include
a second SSD, an HDD and another unspecified type of memory, respectively. The collection of memory
is seamlessly managed as a storage aggregate 1421, with the storage server managing scheduling for all
drives so as to avoid collisions with storage-server-directed reads and writes, as described earlier. In this
regard, the storage aggregate and the host are bundled together to form the storage server, but this is
not required for all embodiments. The storage server has a storage operating system that implements a
file system to organize the stored data as a hierarchical structure of logical data containers (e.g.,
volumes, logical units, directories and/or files) on electronic and/or magnetic storage media. It will be
understood by those skilled in the art that this description may apply to any type of special-purpose
computer (e.g., file server or storage serving appliance) or general-purpose computer embodied as, or
having, a storage server or portion thereof. Moreover, the teachings of this description can be adapted
to a variety of storage server architectures including, but not limited to, a network-attached storage
(NAS), storage area network (SAN), or a disk assembly directly-attached to a client or host computer.

The term "storage server" should therefore be taken broadly to include such arrangements.
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[0160] The storage server 1403 includes a host processor 1423, which uses various buffers 1425
under the auspices of the host software 1427 to schedule and manage memory operations, including
both memory transactions and memory maintenance operations. The host maintains a local L2P
translation table so as to access files which can be fragmented in multiple memory locations (e.g., within
a die or across dies of a drive) and potentially across multiple drives. The storage server also optionally
employs policy-based space allocation, supporting data- and media-characteristic-aware data placement
across the entire storage aggregate 1421. The storage server communicates with the clients 1405 via a
network adapter 1431 and with the storage aggregate 1421 via a storage adapter 1433 (although it is
also possible to have all communications performed via network adapter or otherwise remotely over a

network such as a WAN or LAN).

[0161] In some implementations, the client(s) can issue packets including file-based access
protocols such as the Common Internet File System (CIFS) protocol or Network File System (NFS)
protocol over TCP/IP when accessing information in the form of files. In other implementations, the
client(s) can issue packets including block-based access protocols such as the Small Computer Systems
Interface (SCSI) protocol encapsulated over TCP (iSCSI) and SCSI encapsulated over FC (FCP) when
accessing information in the form of LUNs or blocks. Also in some implementations, the storage adapter
includes input/output (10) interface circuitry that couples to SSDs (1409 and 1415) and HDD (1417) over
an 10 interconnect arrangement, such as a conventional high-performance Fibre Channel serial link

topology.

[0162] The storage server in this particular example manages flash memory using a log-structured
copy-on-write file system, with physical block addressing and wear-aware writes of new data (as has
been described earlier, e.g., in a manner that obviates need for an extensive FTL layer on the side of the
SSD and that better distributes wear). The storage server is configured to access NAND flash memory,
such as in drives 1409 and 1415. using physical block addressing, and to account for NAND flash
memory-based device wear-out, and to execute garbage collection with associated valid data migration
to manage NAND flash P/E asymmetry and other NAND flash management functions, all as referenced
earlier. This is to say, each flash-based drive such as assemblies 1409 and 1415 advantageously have a
cooperative memory controller that implements the principles described earlier. Depending on system
architecture, host software manages interaction with each such controller. This architecture provides
for host-memory-controller cooperation in managing NAND flash memory-based storage devices in
direct-attached and/or network-attached storage environments. For example, each flash-based drive

has a respective controller that serves information to the host regarding each subdivision of the
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associated memory. The storage server (in this case, the host) can manage wear distribution across
multiple drives to help lessen wear to any one area of memory; for example, in the context of the wear-
aware writes, the storage server can collect wear metrics for all flash memory managed as well as for
other types of nonvolatile memory, if present. The storage server can combine bitmaps from multiple
drives and can allocate if desired new writes to a single drive only if needed to better distribute wear.
As mentioned, the host can also electively direct writes of data based on policy, for example, in a
manner that avoids fragmentation or that groups certain types of data together based on read-write
characteristics. In one embodiment, each SSD memory controller (such as controller 1411) is rooted in a
configurable architecture that depends on host capabilities, policy, or other considerations. For
example, in such an architecture, if the host processor does not support host-assignment of physical
addresses for new writes, the host configures each SSD memory controller to perform this function and

to report back assigned physical addresses as described earlier.

[0163] FIG. 15 provides a flow diagram 1501 used to discuss some considerations used by the host
processor of FIG. 14 in performing wear-aware writes and in managing addressing. First, the host
processor receives a trigger to write new data to memory or the host otherwise determines that a need
for management action is warranted, for example, to relocate data (e.g., hot or cold data) and/or to
reclaim space (1503). The host processor proceeds to determine target addresses (1505) that will serve
as the write destination for the new/moved data, and it does this based on a list of available free space
(1507). This list can if desired represent multiple dies or drives as well as mixed memory types. For
locations in flash, the data advantageously also is prioritized in order of least wear, i.e., such that the
first location represents the most virgin space, and so forth. If the host processor/operating system
does not have such a list, it proceeds to request one or otherwise initiates garbage collection and erase
operations as necessary to generate free space; system designers if desired can implement a policy that
ensures the list references at least a first threshold level of available free space, and that calls garbage
collection and explicit erase to raise available free space to a second level (e.g., employing hysteresis)
any time this list represents free space less than the first threshold. With the target physical addresses
thereby identified, the storage server then proceeds to schedule memory operations (1509). In a
multiple drive system, this can be achieved using one or more transaction queues (one for each control
path or bus) which interleave commands as appropriate to multiple drives. Once the host processor
receives confirmations of completion of the various commands (1511), the host processor then updates
its L2P translation tables and file references (1513). Numeral 1515 references an exemplary file naming

structure, i.e., where each file is an object having a name, and where the file is stored across multiple,
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not-necessarily-contiguous blocks. The file has one or more indirect references (for example, to
memory locations that will store lists of physical addresses for blocks having ordered portions of the
file), and it has physical address and logical position within the file for each such file reference. When a
transaction is completed, for example, changing physical address in association with a data copy
operation, the physical address of data moved from a first block to a second is changed (updated), so
that the host software can thereafter use direct physical addressing to identify locations of the subject-
data. Note that FIG. 15 shows two options in dashed lines, including a delegated copy operation 1517,
and a copy-via-host operation 1519. That is, in situations where a data copy operation is dictated, the
delegated copy operation can be employed to perform data transfers within a single SSD as described
earlier, which does not encumber the host processor-memory controller connection with the
requirement of data transfer. As indicated by function block 1519, transfers in between different drives
will typically be processed by first transferring data back to the host processor, and then onto the

second drive.

[0164] FIG. 16 shows a block diagram for functions of host software 1601 in managing SSDs.
Generally speaking, the host software 1601 first identifies a condition associated with a SSD, for
example, a new data access request from a client (1603) or an alert condition (or asynchronous return
from memory), represented by numeral 1605. The host software then invokes a storage manager 1607
to determine actions that need to be taken with respect to flash memory. The storage manager, in turn,
sends actions to a scheduler 1609. Actions can include requests that are to be immediately sent to
memory as well as conditional requests, for example, for background processing. As an illustrative
example of the latter operation, it might be desired to perform space reclamation and release of
additional space as a background operation (for example, to provide buffering of available space not
critically needed by the host); such a request can be queued by the scheduler and invoked at a time
when background traffic (e.g., frequency of other |0 operations) is below a threshold level of traffic. As
operations are scheduled, constituent commands associated with those operations are sent to a
transaction queue 1611 for pipelined issuance to the pertinent SSD(s). In this regard, the storage
manager 1607 relies on interaction with a host-maintained L2P address translation table 1613 to select
pertinent "direct" physical addresses associated with each command. Note that the scheduler can
interleave commands for one SSD with commands for a second SSD (or an HDD or other drive type). As
another illustrative example, the storage server might be called upon to retrieve a large media file (e.g.,
for a streaming application) from one drive while freeing space in a second drive. The transaction queue

can interleave periodic requests to the first drive for the read data (e.g., to maintain sufficient streaming
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buffer occupancy) with periodic commands to the second drive to relocate data and erase EUs of that
drive until the desired amount of space has been released. Additional detail will be presented below
relating to performance of these types of operations. As depicted by FIG. 16, the storage manager 1607
can include a number of components, including a segment cleaner module 1615, and a write allocator
module 1617. The storage manager can interact with policy module 1619 and a policy repository 1621
in configuring and managing each of two modules. That is, the host software in this exemplary system
configures the segment cleaner module 1615 to operate (e.g., to free additional space, perform garbage
collection, weal leveling, defragmentation and relocation of existing data) within homogeneous storage
media, between heterogeneous storage media, or both, in accordance with any specified policies. The
write allocator module 1617 is used to allocate physical subdivisions that may then be written to, as
previously described above. Note that, as was alluded to previously, the host software beneficially is
provided with the ability to query each controller and/or drive of the storage aggregate to determine
drive type, manufacturer, capabilities and other information pertinent to the management of memory
and system configuration. This information is stored for use by the storage manager 1607 in accessing

and managing the drives, as generally indicated by reference numeral 1623.

A. Space Reclamation.

[0165] Host-assisted space reclamation uses metadata from a memory controller to reclaim and
consolidate space owing to P/E asymmetry, using principles described earlier. If it were not for the P/E
asymmetry, the storage server could equate physical memory no longer used for valid data with free
space. Such is generally the case for HDDs and other forms of random access memory, to the extent
managed in common by the storage server. However, for flash drives (or other memory types having
P/E asymmetry), released space cannot typically be reused until (a) all independently-writable units that
form a physical subdivision have been released, and (b) an explicit erase procedure has been performed,
in a manner that returns the floating gates of each constituent memory cell back to a default state. FIG.
17 illustrates a method 1701 that can be used applied by the host software. Note that it can be
beneficial to postpone or batch reclamation operations. In particular, it may be advantageous to
schedule erase operations in a manner appropriate to load and other system-level considerations; as an
example, if free space shortage is not critical, it can be advantageous to batch erase operations to times
of low network traffic or when there is low demand for a particular storage drive. The physical
subdivision units and its constituent elements (e.g., pages) are only marked as free once the erasure has
successfully completed and confirmed by return of a completion code by the particular memory

controller.
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[0166] FIG. 17 generally shows two methods, including a method of automatic erasure each time a
page is released (this method is represented by solid lines only), and a method of batched space
reclamation appropriate for address ranges, specified "candidate" subdivisions, or for a drive as a whole.
The latter method will be described first, utilizing the example where flash EUs represent the tracked
physical subdivisions. The method 1701 generally starts at step 1703, for which at least one EU is
identified. For each EU identified, at 1704, the method proceeds to check each page of that EU to see if
it is released and/or free (i.e., not yet written to); as indicated by steps 1705, 1707 and 1711, the
method effectively tests whether the pertinent page is no longer referenced by any file system
structure. If a page is still referenced, the method ends for that EU at step 1712, and the method then
continues to the next EU (1703). If it is not referenced, but has been used to store data, at step 1713
the page is marked as released rather than free. The bitmap is then checked (1715) to determine
whether it is the last page of that EU; for EUs that are determined to be previously used but empty, i.e.,
consisting only of pages that are released or of pages that are released or are virgin (not written to since
the last erase of the EU), the method continues at 1719, with an explicit erase operation being called
and the drive summary information being updated (1721); otherwise, the method ends for that EU at
step 1723, and the method then proceeds to the next EU (1703). For example, if the method is called
for a specific range or list of EUs, the method 1701 proceeds in this manner for each EU until it has
processed the last EU. Note that, as indicated by reference numeral 1709, this method can optionally be

performed for a storage aggregate or for each drive on an independent basis.

[0167] As noted, FIG. 17 also shows steps associated with a page release operation (i.e., solid lines
only). That is, in some implementations, it might be desired to have the storage server immediately
schedule an erase operation each time "the last page" in any EU is released. Such a method begins at
1713, where the host processor identifies a page release — the host processor checks the pertinent
bitmap to see whether the latest release has resulted in the EU being fully emptied (i.e., consisting only
of released or released and free pages) (1715); if the EU is not fully emptied, the method ends. If the EU
is fully emptied, the method continues at the right side of FIG. 17, where an explicit erase operation is
automatically queued (1719); when this operation is confirmed, the bitmap for the drive or aggregate as

pertinent is updated (1721), and the method ends.

[0168] Note once again that the operation of FIG. 17 can be implemented as a host query, for
example, using a suitably-designed API. The host can query the memory controller as to reclaimable
space, meaning EUs (in a flash embodiment) where at least one page has been written to that EU but

where there are no longer any pages that are still "valid." The host optionally specifies addresses (e.g., a
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device, a range of EUs, etc.) for which it wishes to ascertain reclaimable space, and the memory
controller responds with a list of EUs that can be erased and used in new space assignment. In one
embodiment, the host can query the memory controller to independently determine each of free space
(erased space), reclaimable space, space with low page utilization, and so forth, each using a separate
API. Also, blocks of memory (e.g., EUs) can be ranked by the memory controller according to any
desired criteria; for example, it is desirable for some implementations to sort space by a per-block
metric of released space to overall space (or equivalently, released to free space) such that blocks with

small proportions of free space or contiguous free space are reclaimed first. Other options are also

possible.
B. Garbage Collection.
[0169] In one embodiment, garbage collection is performed to reclaim space of subdivisions where

the amount of released space relative to in-use or free space exceeds a predetermined threshold.
Garbage collection is achieved by copying valid data (that is, unreleased pages) to another memory
location to fully empty source locations in a manner such that the original space is reclaimable. The
valid data can be combined with other data, for example, data from the same file (e.g., for purposes of
defragmentation), or data belonging to another file. Once all valid data for a block or subdivision (e.g., a
flash EU) has been relocated, all portions of a partially used subdivision are thereby released or are
otherwise free, and the subdivision can be marked as fully released and erasable. The method just
discussed can then (or at a later time associated with batch processing) be called to trigger the erase
operation. Note that any desired garbage collection policy or trigger can be used, and that such a policy
or trigger can be dynamically adjusted. For example, garbage collection can be performed using a batch
process, in a manner analogous to the batched processing just discussed. Alternatively, garbage
collection could be initiated (or a host alerted) any time released space to valid {unreleased, written
space) exceeds a 1:1 ratio (e.g., less than 50% page utilization). Such a metric could be dynamically
changed, e.g., this metric could be dynamically varied such that (depending on policy or other system
considerations) garbage collection would instead be initiated when this ratio exceeds 1:5 (e.g., at least
twenty percent of valid space in an EU has been released), depending on dynamic system conditions.
Such dynamic control can be implemented by policy module (1619 from FIG. 16). Many such examples

are possible.

[0170] FIG. 18 illustrates a method followed by the host processor/software (e.g., by the segment

cleaner of FIG. 16) in response to a garbage collection (GC) alert raised by a flash memory controller.
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Note that the discussed method can be applied more generally to any form of space consolidation or
reclamation (localized or otherwise), as well as potentially other management functions. The method
starts at step 1803. While such an alert remains in effect (1805), the host software identifies a specific
physical subdivision under consideration (e.g., from a prioritized list of EUs) and then loops from one
subdivision to another (1808) through a range of the subdivisions. When the list is exhausted, the
method queries whether the GC condition alert still holds (1805) - as long as the condition that triggered
the alert remains valid (e.g., an available space shortage, or EUs not satisfying a threshold level of
utilization), the method retrieves a successor list and processes each subdivision in that list. Once the

condition is cleared, the process stops at step 1807.

[0171] At step 1809, the host software queries the memory controller for candidate segments that
are suitable for GC. Step 1811 will loop for each returned GC candidate. If storage manager (1607 from
FIG. 16) does not employ back references, controller-provided backward address translation may be
applied at this step, to derive logical addresses of the returned candidate ranges identified by their
physical flash addresses. At step 1813, host software screens whether each suggested candidate is an
appropriate candidate for relocation; for example, due to policy or other considerations, it might be
desired to not relocate certain types of data (e.g., a host policy is in effect that groups certain types of
data together at one location based on read-mostly or other read-write characteristics). In addition, the
use of reserved space for multi-page writes (or the fact that resident data is paired with a subdivision on
another die or plane) can be factored into this screening process. If a candidate is not appropriate, the
host software then proceeds to examine the next candidate in the list, per numeral 1815. If a candidate
is appropriate, the host identifies pages needing relocation (1817), typically from information provided
by the memory controller together with suggested candidates; this can optionally be provided in the
form of a bitmask of valid data that needs relocation. The host software (e.g., the segment cleaner) at
step 1819 then schedules the relocation operation (1821), identifying source and target physical
addresses as appropriate. As referenced earlier, such an operation can be performed using a delegated
copy process for relocation within a source SSD, or alternatively can be performed to relocate data to a
different drive (and potentially a different memory type). As indicated by dashed-line numerals 1823
and 1825, such an operation typically calls for reading data to the host processor and attendant
memory, and marking the data as pseudo-dirty (i.e., as modified even though the data is not in this
example). The pseudo-dirty modification will trigger scheduling of a copy-on-write operation that then
rewrites this data to available or selected memory space. The process of FIG. 17 can then be called to

fully erase the pertinent subdivision, e.g., flash EU (and to add that EU to the pertinent list of available
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space). Note that, if desired, the destination of such a copy-on-write operation can be selected
according to policy. Finally, per numeral 1827, the next EU in the candidate list is processed. If the

segment cleaner chooses not to relocate data immediately, it will save the candidate for later relocation.

C. Shared and Host-Owned Wear Leveling.

[0172] With shared and host-owned wear leveling, the storage server becomes aware of physical
blocks (e.g., EUs) that represent "cold" (or optionally, "hot") data and, thus, that potentially signify
uneven wear. In one implementation of a "shared" scheme, the host can periodically ask for a memory
class, plane, die, device, drive or system-wide wear metric and an updated list of wear leveling
candidates in advance of any wear leveling process to ensure quick allocation is possible when they are
needed. The storage server then can then schedule processing of this list as a periodic maintenance
operation, or as a background process. If and when the list becomes exhausted, a new list can be
requested. While in a shared scheme the list request is sent to the memory controller, in a host-owned
scheme, this query can be sent to another host process. Also, as noted previously, if an embodiment
supports multi-page, multi-plane, multi-die or multi-track writes, this also can be factored into the

process.

[0173] In one implementation, the write allocator of FIG. 16 interacts with the memory controller
to replenish a pool of wear-ordered EUs when either the pool becomes small or when the memory
controller (or host software) detects a wear leveling-related condition that requires host’s attention.
The latter can occur for example, when due to recalculation of device wear distribution, the memory
controller or the host detects the existence of other EUs that are now considered significantly less worn
out than to mean wear. The pool in this context can include EUs having "cold data" that otherwise
represent low wear relative to the mean, and that are to be recycled, such that future writes will be

directed to these "low wear" EUs instead of further contributing to wear variance in a particular SSD.

[0174] A wear leveling process from the host processor's perspective is seen in FIG. 19, and is
generally designated by numeral 1901. The illustrated method is substantively similar to the method of

FIG. 18, used for garbage collection.

[0175] The method starts at step 1903. While the need for wear leveling remains in effect (1905),
the host software identifies specific EUs under consideration (e.g., from a prioritized list of EUs) and
then loops from one EU to another (1908) through the EUs specified in any provided list or range. When

the list is exhausted, the method queries whether the WL condition alert still holds (1905) - as long as
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the condition that triggered the alert remains valid (e.g., an available space shortage, or EUs not
satisfying a threshold wear metric utilization), the method retrieves a successor list and processes each

EU in that list. Once the condition is cleared, the process ends (1907).

[0176] At step 1909, the host software queries the memory controller for candidate segments that
are suitable for WL. Step 1911 will loop for each WL candidate. The host software screens whether
each suggested candidate is an appropriate candidate for relocation (1913), for example, not
redistributing space which according to policy might be used for areas reserved for important system
parameters. If the candidate is not appropriate, the host software then proceeds to examine the next
candidate in the list, per numeral 1915. If the candidate is appropriate, the flash memory controller
identifies pages needing relocation (1917); this can optionally be permed by calling on the memory
controller to provide the starting physical block number (e.g., page number) and bitmask of valid data
that needs relocation. The host software can optionally as part of this process determine whether the
candidate is associated with multipage data or a preallocated class of multi-page address space. The
host software (e.g., the segment cleaner) at step 1919 then schedules the relocation operation (1921),
identifying source and target physical addresses as appropriate. As referenced earlier, such an
operation can be performed using a delegated copy process for relocation within a source SSD, or
alternatively can be performed to relocate data to a different plane, die or drive (and potentially a
different memory type). As indicated once again by optional process blocks 1923 and 1925, the data
can be read back to the host operating system, and the data can be marked as dirty so as to trigger a
copy-on-write operation that then rewrites this data to available memory space. The process of FIG. 17
can then once again be called to fully erase the pertinent (and to add that EU to the pertinent list of
available space). The destination of such a copy-on-write operation can once again be selected

according to policy. Finally, per numeral 1927, the next EU in the candidate WL list is processed.

Iv. Multi-Modal Operation.

[0177] As should be apparent from the description above, a cooperative storage architecture
facilitates performance of management and access functions across multiple drives, regardless of type
of memory. Reserving some SSD (i.e., flash) functions to the host in this architecture helps ameliorate
latency concerns and drive expense issues that have traditionally hindered use of SSD drives in direct-
attached and network storage applications. That is, the techniques and functions that contribute to this
architecture can be embodied in memory devices themselves, controllers for memory devices or drives,

the host, or in any combination of these elements. Note however that in practice, it might be desired to
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fabricate a memory, memory controller or host architecture (e.g. host software) in a manner that
supports both implementations with other cooperative storage elements and implementations with
legacy devices. In addition, it is possible to fabricate elements and systems that, depending on design or

network management considerations, selectively use certain cooperative techniques but not others.

[0178] Thus, in one embodiment, a memory controller supports any one or more of the host-owned,
cooperative, or memory-controller owned modes or features described above. A register (for example,
part of the memory controller storage 311 from FIG. 3A) can be programmed with a value, for example,
by hardwiring a signal connection or setting a fuse, or by configuration at initial power-up. Providing a
number of programmable modes in this manner permits a cooperative memory controller and/or
cooperative host to be used both in the cooperative management of memory (e.g., where the host
processes data provided by the controller and where the memory controller tracks subdivision-specific
usage information) and also with legacy components that do not support these cooperative features. In
addition, providing these capabilities also provides flexibility to a host or system designer in the

selection of mode based on performance criteria, intended application, or other factors.

V. Commanding Interleaved And Multi-Array Operations.

[0179] An exemplary flash-based SSD can have 1 to 16 integrated circuits (ICs), each composed of 1
to 16 dies. Each die on each IC has independent IO circuitry that can be concurrently operated with
other dies that are present, i.e., subject to any bus constraints (e.g., the rate at which commands can be
directed to respective dies over a shared bus). Each die can generally be operated in parallel for the
purpose of interleaving. In some embodiments, each die includes a cache for queuing commands for
pipelined operation. The memory controller examples described above generally enable the host (and
any related software, OS or application level) to fully utilize the chip/die level parallelization potential by
exporting the physical geometry of managed memory, including device composition. This can be
performed for example by a synchronous command from the host, such as using an extension of the
NVMe Identify Array command. The array geometry data, made available to the host at a configuration
phase, lets the host perform space allocation and 10 scheduling so as to attain the maximum degree of

parallelization and to optimize 10 bandwidth.

[0180] The use of direct physical addressing by the host (i.e., based on host-assigned physical
addresses) helps minimize or eliminate the need for an FTL at the memory controller, and thus affords
greater control over interleaving/pipelining where a memory controller manages a number of dies. With
this capability, and with support for host-initiated maintenance operations (e.g., garbage collection,
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erase, maintenance operations, defect management and so forth), the host is able to ensure that
adequate free space is available in each memory array and to generally streamline operations. In one
example, a host can stripe related data across memory dies and, because the host performs physical
address assignment, can issue commands after L2P translation has already been performed. Thus, the
memory controller is not encumbered by latencies associated with L2P translation and, as mentioned,
this structure helps minimize memory controller maintenance functions which could otherwise compete
with host-requested read and write operations. The host can also better interleave different command
types across dies (read versus write or erase, or deallocate, for example), as timing is not encumbered

by controller-resident translation latencies.

[0181] Referring briefly back to FIG. 2B (numeral 265), the host has the option of establishing (pre-
allocating) classes of reserved space, for example, for 1-page single-plane access, 2-page multi-plane
access, 3-page multi-plane access, and so forth. In a general multi-page context (e.g., with a single die
address space or multiple dies), the host can simply track L2P addressing and assign whatever physical
address space is available in different respective dies and use the L2P table to fetch related data from
each respective die, according to a separate (independent) physical address for each die; however, the
host can also choose to assign physical addresses such that related data is stored at the same address or
a similar address in each die. The selection of a common or similar address for related data stored in
different arrays is less important in the multi-die context, but is typically important in the multi-plane
context (e.g., where devices are often characterized by native addressing restrictions for multi-plane

access).

[0182] A conventional multi-plane NAND flash die might have multiple data registers, one per plane,
with a single address register shared by all constituent planes. In the two or four plane case, prevalent
in the available NAND flash dies, addressed EUs must be at respective addresses that differ by, e.g., a
least significant bit, since the shared address register typically allows for a single bit address extension
only (i.e., for the adjacent plane), with addressed pages (for programming) using the page address
within each EU. These addressing limitations of some legacy designs can constrain the ability to use
multi-plane capabilities for reasons already mentioned. Note that similar limitations also apply to
magnetic shingle drives and more generically, to multi-page management and access, and that, once

again, multi-plane NAND flash memory are used as the non-limiting discussion example.

[0183] To address this, the host of this disclosure uses insight into physical space allocation within

each plane of multi-plane memory and assigns related data the same (or highly similar) addresses in
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each plane. This same process of address assignment can also optionally be performed across dies. The
ability to choose physical addresses permits the host to effectively direct multi-plane writes and reads as
long as the assigned addresses (for related, respective data to be obtained from the planes) are
consistent with any device addressing limitations for multiple plane use. That is, contrary to chip and
die level parallelism where concurrently running operations can generally be completely independent,
multi-plane operations are advantageously constrained to prearranged locations that are consistent
with any pertinent device addressing limitations. Host-selection of physical addressing thus permits the
host to direct a "true" multi-plane write or read operation without being affected by legacy multi-plane
device addressing restrictions. That is, for example, the host can ensure that a write of related data
across planes (a) receives the same EU address for each plane (i.e., for the write of respective pages of
data), and (b) the same address offset within each EU. The host can assign such writes if the same
physical-unit address in respective planes is available, but as mentioned earlier, in one embodiment, the
host prearranges classes of space for multi-plane writes. For example, the host can "reserve" a specific
range of like-EU addresses in each plane for multi-plane writes and then assign related data EU
addresses for respective planes and page address offsets within these EUs, as consistent with device
addressing restrictions. Harkening back to numeral 265 of FIG. 2B, the host optionally has (for an
embodiment having more than two planes) the option of reserving physical space for respective classes
of writes where 1, 2, 3, 4 or another number of planes will be written to in parallel. The host determines
operating system or application needs (or uses other criteria to prearrange space) and then it assigns
space as needed. As noted elsewhere in this description, and as denoted by numerals 273, 275, 277,
278 and 279 of FIG. 2B, the host factors the existence of such prearranged space reservations into
defect management, data relocation (e.g., hot/cold space management and garbage collection), page
release and erase, space reclamation and other maintenance operations as needed; for example, if a
hypothetical host employs three classes of prearranged space, the host might use three (respective)
separate processes or function calls to ensure persistent availability of a threshold amount of "free"
(e.g., erased) space, one for each class. The host also updates L2P mapping on a dynamic basis, and (in
one embodiment) can dynamically reallocate the amount of space reserved for each class according to
need. If no space is available, or due to other factors (e.g., OS preference for single plane writes), the
host can elect to discontinue or suspend multi-plane writes or other multi-plane capabilities for any
prearranged class of memory. As a non-limiting example of this principle, a host might determine that
multi-plane addressing needs represent a small set of data, or relate to low priority data, and so may

discontinue multi-plane writes.
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[0184] Note that as mentioned earlier the controller support may be selective according to
implementation: for instance, only multi-plane writes may be supported, or the controller may provide a
full range of support including multi-plane read, deallocate, erase and potentially other operations as
well. As also indicated just above, a host preferably reserves the right to issue single plane requests (i.e.,
1 page only) to multi-plane memory, to enhance flexibility in memory transaction granularity. To this
effect, a host interacting with multi-plane memory will typically establish at least two classes of access
(corresponding to the classes of reserved space) and will use a dedicated command or addressing
structure to identify each (single or multi-) class of write, read or other command to an affected memory
die. Thatis, an addressed memory die typically examines a field in the command structure to determine
whether a command is for a single page or EU in a single plane, or whether multiple planes are affected.
In one implementation, a memory controller use a custom set of commands to effectuate multi-plane
operations. However, such operations can also be effectuated using the existing NVMe fused 10
operations framework. This permits the host to issue multi-plane 10 requests as what is essentially a
single "group" request rather than as a series of independent requests that could have a multi-plane

relationship lost in connection with scheduling in the OS or host 10 subsystem.

[0185] To begin, array geometry is first discovered. These steps, and the configuration of multi-
plane access have already been outlined in connection with FIG. 2B. These steps can optionally be
performed in a manner that is NVMe-compliant. During a device discovery phase, the host first queries
the memory controller using the vendor-specific Identify Array extension to the NVMe Identify
command and, based on the response, notes whether a given die is multi-plane. Typically, a device (IC)
with multiple dies will have the same configuration for each die. The data structure set forth in Table 1,

below, can be used for this purpose.

Table 1: Identify Array Data Structure

Bytes Description

0:0 Channels: This field specifies the number of channels present in the array.

1:1 Targets: This field specifies the number of targets per channel present in the array.

2:2 LUNSs: This field specifies the number of logical units (LUNs) per target present in
the array.

3:3 Planes: This field specifies the number of planes per LUN. If the NAND chips that
the device is equipped with do not support multi-plane operations, this field is set
to 1.

5:4 Erase Units: This field specifies the total number of Erases (EUs) per LUN present
in the array.
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Bytes Description

6:6 Pages: This field specifies the total number of pages per Erase Unit present in the
array.

8:7 Page size: This field specifies the page size, in bytes, of the NAND chips comprising
the array.

10:9 Defective units: This field specifies the number of known defective Erase Units in
the array.

12:11 Reserved units: This field specifies the number of Erase Units in the array reserved
for defect management purposes.

[0186] If a particular die/device has multiple planes, the host further interrogates the memory
controller (e.g., with the NVMe Get Features command) to determine which flash memory operations
other than a multi-plane write operation are supported. This or an equivalent command is also
preferably used to learn each multi-plane addressing mode supported by the device (i.e., any device-
specific multi-plane addressing restrictions). The supported operations can be returned in the bit-
encoded Dword 0 of the completion queue entry for the command. The bit field definitions are

described in Table 2, below.

Table 2: Supported multi-plane operation encoding in the completion queue entry Dword 0

Bit Description

31:04 Reserved

03:03 Set to 0/1 if the device does not support/supports multi-plane deallocate operation
02:02 Set to 0/1 if the device does not support/supports multi-plane erase operation
01:01 Set to 0/1 if the device does not support/supports multi-plane read operation
00:00 Set to 0/1 if the device does not support/supports multi-plane write operation

[0187] Then, as noted in FIG. 2B, when allocating physical space, the host where possible
prearranges (reserves) co-located space in multiple planes' erase units so that ranges allocated in each
individual unit of the same LUN have the same offsets within the erase unit or, more generally, so as to
account for multi-plane addressing limitations regarding the erase unit(s) addressed by a multi-plane
operation. Again, as referenced earlier, the host in some implementations interacts with a memory
controller (and/or SPD) to determine drive capabilities, including device and memory layout and any
addressing limitations. An APl can be used on the host end for this purpose, with a then-educated host
using provided information to plan memory assignment. Write operations that address co-located
space on multiple dies are then issued by the host to the memory controller as what in effect is a single
request to each die. Finally, when such data is to be read back, the host issues a multi-plane read

command instead of multiple, independent read commands directed to single planes with the pertinent
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physical address(es). As to additional multi-plane commands, memory devices are preferably used that
support multi-plane deallocate (page release) and erase commands. As noted earlier, host-owned,
shared or other forms of sole or cooperative management can optionally be used consistent with these
multi-plane functions. Use of these management functions helps support continual host-awareness of
physical space status, such the host is in an independent position to assess space needed for multi-plane

writes and to perform maintenance on an as-needed basis.

[0188] To provide support for transaction scheduling in a conventional host, an APl can be added to
join multiple single-plane 10 requests for related data into what is in effect a single, multi-plane
operation and to effectuate pertinent scheduling in the host or OS transaction queue. This can be
performed by providing for use of a request structure that distinguishes multi-page commands from
single-plane commands, or alternatively, by a structure that permits chaining of multiple single-plane 10
requests. These commands are then scheduled by the host as an integral unit and sent to the memory
controller consecutively (i.e., they not subject to scheduling reorganization). NVMe provides a
command structure that is consistent with the use of such single-plane 10 requests. That is, NVMe
provides for two individual commands to be fused, and requires matching address fields for these fused
commands. A vendor-specific modification of this structure permits use of a first fused command field
(bit code "01b") as describing first and subsequent fused operations in a sequence of fused commands,
and a second fused command (bit code "10b") as describing the terminal operation of the fused
sequence. Note once again that while select embodiments are described in the context of NVMe (e.g.,
in the context of GetFeatures, fused and other commands), other commands can also be used to
provide these same capabilities relative to other storage and networking protocols; even if a particular
protocol (e.g., the most recent SCSI versions) do not provide for linked commands, it is otherwise
possible to pipeline or otherwise effectively issue multi-page commands using techniques referenced

below.

[0189] A fused command structure is depicted in FIG. 20A by reference numeral 2001. This is to say,
a first write command (cmd0) specifies a first physical address (PAQ) in a first plane and includes a
particular bit field that indicates that it is a non-terminal entry of a sequence of fused commands (that
are to be performed in sequence). A second write command (cmd1) immediately follows and contains
necessary information to specify a physical address (PA1) in a second plane that is consistent with
addressing restrictions for the particular device. Note that while a command structure for two planes is
illustrated, by extension, any number of commands can be fused together (e.g., successive commands

for four planes). Each command specifies a single address with a subfield of the address indicating a
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single plane, and consequently, is structured as a single plane command. For each command (other
than the last command), the fused command field is set to also indicate that the command is part of the
sequence of commands (but is not "last"). The terminal command of the sequence has a different value
in the fused command field, indicating it is the last command in the sequence. The write commands are
then followed by write data for each plane in succession. An NVMe-compliant memory controller
recognizes these commands, and optionally does not process the first command until the last command
in the sequence has been received. As an example, the memory controller does not write data to the
medium (or return data to the host) until the entire sequence of fused commands has been received.
Note that as referenced earlier, in one embodiment, these commands are scheduled (e.g., for a
particular drive destination) and are sent in the form of packets to the particular drive. Also as earlier
noted, the routing structure can be consistent with a signaling standard, such as a version of PCIE, SATA,
or a different signaling standard. If desired, these communications can be routed from the host point-
to-point to the memory controller, or can be routed via a switch, bridge, hub or a multidrop bus, or via

another interconnection mechanism.

[0190] FIG. 20B shows a single-command equivalent to the fused commands of FIG. 20A. In
particular, a request 2003 in effect specifies a multi-plane command (MP) and a base address. If the
memory die in question supports any type of addressing offset between planes, the request can also
specify an address offset for the second (or each additional) plane. Alternatively, if supported, the
command structure can include separate address fields for each plane. Once again, write data (as

appropriate) for each plane can be sent together with the commands.

[0191] FIG. 20C shows the fusing of multiple commands in the read direction. In the same manner
as described above, a first read command (cmd0, 2005) specifies a physical address and a bit field
indicating it is a non-terminal command of a command sequence. Additional single-plane commands
such as "cmd1" follows this command and are effective to specify address in a respective plane (e.g.,
either specifying an implied offset associated with plane address or specifying a complete physical
address field corresponding to the respective plane). As before, each command in the sequence carries
a field indicating whether it is a non-terminal or terminal member of the sequence, and the memory
controller does not respond with read data (such as read data 2009 for a first one of the commands)
until after the last command in the fused sequence has been received (i.e., as denoted by a delay "t"
seen in FIG. 20C). The memory controller issues the reads requests to the managed memory as

appropriate, and returns the read data as respective, sequential pages of data (2009, 2011).
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[0192] Note that memory controller-to-memory interaction does not have to be structured in this
same manner. That is, the memory controller may have its own transaction queue that receives
commands, schedules them, and then issues them to memory as appropriate. Thus, as indicated in FIG.
20D, the memory controller, even if it receives fused commands, may elect to forward commands to a
memory die (or to multiple dies) as a series of single plane commands. Thus, for example, the memory
controller can issue a first command to memory (cmd0, 2013), corresponding to the first command
received from the host (cmd0, 2005, from FIG. 20C), and receive read data 2015 from the memory
(following latency "t1"); the memory controller can then, after delay "t2" issue a second command to
memory (cmd1, 2017), corresponding to the second command received from the host (cmd1, 2007,
from FIG. 20C) and receive read data 2019 from the memory (again, following latency "t1"). In this case,
the interval "t" from FIG. 20C would optionally correspond to the time following the memory
controller's receipt of the last fused command (cmd1, 2007) through a time necessary for the controller
to obtain all sets of read data (2015, 2019) from the managed memory, such that the respective read
data could be sent consecutively (without bus idle time). The memory controller could then reply with

the data, in what is effectively a single frame of multi-plane data.

[0193] FIGS. 21-25 are used to discuss in detail the performance of various multi-plane requests
from the host's perspective. In a NVMe-compatible environment, each of these requests can be issued
using the fused command field framework just described. Naturally, a different command structure can
be utilized in different implementations, in compliance with other standards or existing standards as

they evolve.

[0194] FIG. 21 depicts flow associated with a multi-plane (MP) read request, generally designated
using reference numeral 2101. More specifically, the host first issues a read request (2103); as
mentioned, a single multi-array request can be used for some embodiments and fused or chained
commands can be used for others. As depicted in dashed-line block 2105, these commands can
optionally specify a base address and an address extension for accessing a second plane. As also
depicted by dashed-line block 2107, optionally, each command specifies a physical address to the
memory controller, that is, notwithstanding the issues of wear (and wear-leveling and garbage
collection) typically needed for flash memory maintenance. The memory controller then reads the
requested data from the associated addresses in respective arrays (2109). As mentioned in connection
with FIG. 20D, the memory controller-to-memory interaction can be in the form of single-plane accesses
or multi-plane accesses as appropriate (2111). The memory controller and/or host, to the extent they

track per-unit data for units of physical memory, can update metadata as appropriate (2113); for
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example, metadata can be updated to reflect last-read characteristics and other metadata useful in
determining whether data is "hot" or "cold." Either independently or as part of his process, the read

data is transmitted to the host (2115), optionally via packetized, serial transmission (as mentioned).

[0195] FIG. 22 depicts flow associated with a MP write request, generally represented by numeral
2201. As depicted, the host issues a multi-plane write request to the memory controller, per numeral
2203. As before, this request can optionally be a set of fused commands that specify a common (base)
address, with or without plane-address extensions (2205). For hosts that monitor and assign physical
addresses (2207), this address is used in lieu of logical address (e.g., this corresponds to the logical
address field referenced by the NVMe standard). The memory controller receives and acts on this
physical address without address translation (or with limited address translation, if the memory
controller owns defect management), per numeral 2209. As before, single-plane or multi-plane
accesses can be used by the memory controller to perform the requested write operations (2211). As
part of this process, the memory controller and/or host perform defect management (and any
associated L2P remapping) if issues occur and update per-physical-unit metadata (2213). In some
embodiments, the memory controller returns a write acknowledgement (WA) to the host in connection
with these operations. Once again, all host-memory controller communications are optionally

performed using packetized, serial transmission.

[0196] FIG. 23 depicts flow (2301) associated with a MP deallocate command. That is, the command
framework introduced above for multi-plane writes can also be used to ask (via a single request) that
the memory controller mark linked or paired pages of data in respective planes as "released." As noted
earlier, once all pages in an EU have been released, that EU can be erased and recycled. Support for a
MP deallocate command permits simultaneous release of parallel physical storage units across planes
such as previously allocated by the host in appreciation of the multi-plane device capabilities, and so,
permits release and recycle with fewer commands and reduced latency. Per numeral 2303, the host
issues such a request, for example, as a multi-plane command or set of fused commands (depending on
embodiment). Once again, per numerals 2305 and 2307, these commands can specify a base address
(or common address) and can specify physical addresses that pass un-translated by the memory
controller. The memory controller receives the request(s) and updates its per-physical-storage-unit
metadata to indicate release of the affected pages for each die or plane (2309). As indicated by dashed-
line (optional function) block 2313, the memory controller can use the processes described earlier (e.g.,

asynchronous alerts to the host) to indicate that an EU corresponding to a released page is a candidate
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for erasure or garbage collection; this condition can be determined as a function of any desired

threshold (e.g., no more valid pages in EU, EU page utilization below a defined threshold, and so forth).

[0197] FIG. 24 depicts flow (2401) associated with a MP erase request, in many ways similar to the
flow of the MP deallocate command just described. The host first issues a MP erase request (2403), for
example, based on an asynchronous alert or responsive to a host query. Alternatively for embodiments
where the host tracks page utilization by physical unit, the need for erasure can be prompted by a host
software process. The host as part of this request informs the memory controller of a base address to
be applied to all pertinent planes to erase affected EUs (2405). This request can include physical EU
address as a command operand, as denoted by optional function block 2407. This request can also be
sent as a series of fused commands, as indicated. Upon receiving the host command(s) (e.g., multi-
plane or fused), the memory controller erases all affected EUs (2409). Depending on embodiment, the
memory controller can then either update its own stored data repository (metadata), or can send
information (e.g., as part of an ACK) to the host, specifying that the host should update its stored
metadata to indicate status of the affected EUs, and update listings of available space, per numerals

2411 and 2413.

[0198] FIG. 25 depicts flow (2501) associated with a defragment operation initiated by the host.
Host software first determines the need for defragmentation, as represented by numeral 2503. As
implied by this label, the host can determine that data stored in disparate locations should be stored
together for more efficient access, e.g., as respective pages of multi-plane data. Per numerals 2505 and
2507, the host first commands reads of the fragmented data from the pertinent locations. Either the
host or memory controller, depending on embodiment can then update stored metadata to record
release of the affected pages (2509). Then, the retrieved data is written via a multi-plane write
operation to a new destination, for example, using a base address common to each affected memory
plane (2511). Finally, the host and/or memory controller update both address translation tables (the
host, if using physical location addressing) and metadata for the physical storage units destinations of
the newly written data. Note that if supported by the memory controller, the entire sequence can be
performed as a delegated atomic operation using a single sequence of fused commands (i.e., without

retrieved data being sent from the memory controller to the host).

[0199] Note that this operation can also be used in any multi-page die context, such as a multi-die
context also referenced by function block 2511. For example, a host wished to redistribute data across

multiple dies (for potentially faster, interleaved access) can use the method generally depicted in FIG. 25
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for doing this. Because each die is typically addressed as a response to a separate host command, in
some embodiments, it is not necessary to have related data stored at like-physical addresses in different
dies (e.g., any desired physical address can be used). In some embodiments, custom multi-die
commands can be used, for example, to direct concurrent ("group") write/read/deallocate/erase/or

other functions across multiple dies, for example, using a common physical address or address offset.

[0200] As should be apparent from the description above, the disclosed techniques can provide
substantial improvements in memory system operation, particularly for flash memory. The use of
physical-unit addressing by the host permits a host to structure data operations to enable multi-page
write, read and other operations (e.g., at the system level). Whether or not multiple planes of memory
are present in a system, this structure also permits the host to enhance interleaving across multiple
pages/dies/devices of memory by permitting the host to schedule interleaved requests in a manner

unencumbered by the requirements of full, conventional L2P translation at the memory controller.
VI. Conclusion.

[0201] The description presented above provides examples of a cooperative memory controller as
well as a host that interacts with such a memory controller, a storage system architecture, and various
memory systems. As indicated, these techniques can optionally be employed with any one or more of
these components. Further, while various embodiments shown above have described structure and
functions in the context of a host, memory controller and/or memory, it should be understood that
various ones of these components can be combined with one another or packaged, mounted or sold
together. For example, depending on implementation, a host processor can be copackaged with a
memory controller or mounted to a common board. Conversely, it is possible to copackage a memory
controller with memory, such as by bundling them in a common die, multichip module or system on chip
(SoC). In the system context, solid state drives (SSDs) and hard disk drives (HDDs) have been described
as generally having their own, dedicated controllers, but it is possible to have multiple types of memory
managed by a single controller, i.e., with a drive or memory itself constituting a hybrid. Further to the
system context, embodiments have been described having two tiers of memory types, but it is possible
to have a single tier of memory (e.g., all NAND-flash), or three or more tiers of memory of different
types. As an example, one contemplated implementation features a host with multiple tiers of fast-
access memory (e.g., local SRAM and DRAM), one or more SSDs and one or more HDDs, configured as
different tiers. Some embodiments may omit one or more of these in favor of other memory types, for

example, the HDDs can be omitted, or a different type of storage media can be used.
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[0202] To provide a few further examples, instead of using flash memory, the techniques applied
above can be applied to other forms of both volatile and nonvolatile memory. For example, it is possible
to apply some of the management and network configuration schemes discussed above to DRAM and
other forms of volatile memory. In addition, some or all of the garbage collection, space reclamation,
geometry reporting, wear leveling, defragmentation and other schemes discussed above can be applied
to other forms of nonvolatile memory. Although known by a variety of names, these memories typically
have bistable elements have properties where resistance change is a manifestation of some type of
change in physical materials. For example, RRAM, magnetic random access memory (MRAM), phase
change random access memory (PCRAM), nanowire RAM, magnetic media (such as the aforementioned
shingled disk drives) and similar designs all operate based on similar state change principles where the
current that flows through the material (or equivalently, voltage drop seen across the material) changes
depending on state of the underlying materials. Therefore, in many of the detailed examples provided
above, flash memory is used, but as mentioned, other designs are possible. Also, the examples
discussed above were focused on single-level cell (SLC) NAND-flash memory, but it should be equally
possible to apply the teachings herein to multi-level cell (MLC) NAND-flash memory, and to SLC or MLC

NOR-flash memory designs.

[0203] Also, the techniques discussed above, when implemented on a comprehensive basis, permit
substantial reductions in memory controller functions which would be conventionally needed to
manage a complex translation layer. However, as should be apparent from the examples provided
above, many of the cooperative techniques provided by this disclosure and supporting circuitry can be
implemented in embodiments that utilize a traditional translation layer. For example, it is possible to
combine cooperative garbage collection and space reclamation processes with a conventional
translation layer. Advantageously, by providing ready-host visibility into physical subdivision-specific,
tracked parameters (e.g., metadata) and making liberal use of cooperative capabilities, a given design

can eliminate much of the overhead that would be traditionally needed to manage a translation layer.

[0204] One implementation provides a memory controller to control the performance of memory
transactions directed to multi-plane memory. The memory controller has interface circuitry (e.g., one or
two interfaces) sufficient to communicate with at least one host and with the multi-plane memory. As
before, the memory controller can optionally be coupled to a host via a first signaling link (e.g., via a first
interface, using packetized communications) and via a second signaling link to the multi-plane memory
device. Multiple or shared link designs can also be used. Also, in one design, the memory controller and

multi-plane memory can be bundled together on a single IC with no dedicated high speed serial link
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between them (e.g., as might otherwise be the case for separate ICs). Further, another design presents
a multiple-IC system where controller and multiple memory devices managed by that controller are
associated with respective ICs; each memory device can be in the form of a single or multi-die package,
with 2, 4, 8 or a different number of dies per package in the latter case. Any number of these dies (e.g.,

zero, one, many or all) can be configured to have one or more multi-plane flash memory arrays.

[0205] The memory controller can include logic (e.g., hardware logic or software logic) operable to
exchanges commands and data via the interface circuitry. This logic in one embodiment is operable to
receive multi-page commands from the host, such that the host specifically determines when a multi-
page operation (as opposed to a single page operation) should be effected. As discussed earlier, in such
an embodiment, the host optionally can mix single page and multi-page commands depending on need
and, preferably, has a command structure (e.g., using an NVMe compliant architecture as discussed)
that permits exchange of single plane and multi-plane commands with the memory controller. Again,
per the discussion earlier, a multi-page command can be configured as a series of "fused" single-page
commands, where the memory controller receives all of the commands at once or in close succession

and then instructs performance without awaiting completion of a request for a first one of the pages.

[0206] In one aspect of the invention, the logic of the memory controller is capable of receiving and
interpreting a multi-page (or multi-array) read request from a host. Note that the actual control over
multi-array memory can optionally involve single-page commands between the memory controller and

addressed memory device, as referenced earlier.

[0207] In another aspect of the invention, the logic is capable of receiving and interpreting a multi-
page write request. Once again, the actual control over multi-array memory can optionally involve

single-page commands between the memory controller and addressed memory device.

[0208] In still a further aspect of the invention, the logic is capable of receiving and interpreting a
multi-page deallocate (page release) command, or alternatively (or in addition), a multi-page erase

command.

[0209] These features can be used together or individually, e.g., this disclosure in one embodiment
provides a memory controller capable of receiving multi-page read, write, deallocate and erase
commands from a host. In another embodiment, a memory controller can receive a multi-page read

command (but not the other commands); alternatively, the memory controller can be designed to
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receive multi-page write command (but not a multi-page read command). Indeed, any combination of

commands is contemplated as an optional design feature.

[0210] In still another embodiment, these techniques can be applied to specifically managing multi-
plane memory. In a variant, these techniques can be used in lieu of or in addition to techniques for

managing multi-die memory.

[0211] This disclosure also contemplates systems, methods and other devices that leverage the
principles introduced above. For example, one implementation provides a host that operates in a
manner reciprocally to the memory controller just discussed. The host can be in the form of a host
device (e.g., an IC, computer, web appliance, storage manager, or another master). In one embodiment,
the host device has an interface to transmit outbound transaction requests to a memory controller, a
table to identify address space corresponding to memory units that span multiple page (or planes or
dies) of memory managed by the memory controller, and logic to generate a multi-page (or multi-plane
or multi-die) transaction request directed to the address space. In more specific forms of this
implementation, the table can be a logical-to-physical address translation table and the memory and the
memory controller can be directed to a form of nonvolatile memory such as NAND flash memory; in
such setting, the host, possessing an understanding of physical address assignment, can issue new write
requests in a manner that directly specifies the writing of data across planes or dies, and the host can
also issue read requests on this same basis. Note that this structure substantially reduces command
competition with host needs by functions of the memory controller, e.g., the host can directly manage
maintenance operations such as garbage collection, erase operations and so forth in a manner that does
not interfere with its own data needs; it also reduces need for the memory controller to load and
manage complex tables. If desired, the host can issue multi-page transactions requests to the memory
controller which specify a base physical address for each affected plane or die (e.g., such that each plane

or die operates on a like-physical address, or on addresses based on an express or implied offset).

[0212] This disclosure also contemplates memory management techniques, devices, and systems
which rely on the various structures just discussed, either host side or memory controller side, or
aggregations that combine these things. In one embodiment, a host determines the need for
maintenance actions in flash memory notwithstanding the presence of a memory controller. For
example, a host can optionally handle all management tasks of flash memory (e.g., marking of bad data
blocks) such that no address translation at all is necessary at the memory controller, and such that the

host schedules and initiates one or more of garbage collection, data relocation, defragmentation, wear
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leveling, or any one or of the functions discussed earlier. As mentioned, a model can also be used where
the memory controller handles certain select functions such as defect management and temporary
physical address reassignment responsive to errors; as noted earlier, serving memory controller-tracked
physical memory status information, on an EU-specific basis (or other unit basis) to the host permits
eventual identification and isolation of bad blocks in a manner where the host updates its understanding

of physical address space assignment.

[0213] It should be noted that the subject matter disclosed herein can be expressed (or
represented), as data and/or instructions embodied in various computer-readable storage media,
meaning physical non-transitory media such as computer memory, storage disks and the like. In this
context, the described subject matter can take the form of instructions or data for fabricating an
integrated circuit (or integrated circuits) that, when built and operated, possesses the circuits and
structures, and performs the techniques described herein. An output of a process for designing an
integrated circuit, or a portion of an integrated circuit, comprising one or more of the circuits described
herein may be such a computer-readable medium such as, for example, a magnetic tape or an optical or
magnetic disk, or other non-volatile physical storage. The computer-readable medium may be encoded
with data structures or other information describing circuitry that may be physically instantiated as an
integrated circuit or portion of an integrated circuit. Although various formats may be used for such
encoding, these data structures are commonly written in Caltech Intermediate Format (CIF), Calma GDS
Il Stream Format (GDSII), or Electronic Design Interchange Format (EDIF). Those of skill in the art of
integrated circuit design can develop such data structures from schematic diagrams of the type detailed
above and the corresponding descriptions and encode the data structures on computer readable
medium. Those of skill in the art of integrated circuit fabrication can use such encoded data to fabricate
integrated circuits comprising one or more of the circuits described herein. Some or all of the functions
described above can also be embodied as instructions stored on machine-readable media, including
software code or firmware that, when executed, cause a machine (e.g. a microprocessor or device
having a microprocessor) to perform the described functions. Generally speaking, any such instructions
can be alternatively implemented as hardware logic, or a combination of hardware and software logic,

depending on implementation.

[0214] The foregoing description and in the accompanying drawings, specific terminology and
drawing symbols have been set forth to provide a thorough understanding of the disclosed

embodiments. In some instances, the terminology and symbols may imply specific details that are not
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required to practice those embodiments. The terms “exemplary” and "embodiment" are used to

express an example, not a preference or requirement.

[0215] Various modifications and changes may be made to the embodiments presented herein
without departing from the broader spirit and scope of the disclosure. For example, features or aspects
of any of the embodiments may be applied, at least where practicable, in combination with any other of
the embodiments 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
We Claim:

1. A solid state storage drive (SSD) comprising:
a host interface configured to communicate with a host using commands from a Non-Volatile
Memory Express (NVMe) standard;
non-volatile memory comprising NAND flash memory, the NAND flash memory comprising a
plurality of erase units and each erase unit comprising a plurality of pages;
logic coupled to the host interface and to the flash memory, wherein the logic comprises at least
one of hardware logic and software logic, and communicates with the host via the host
interface using NVMe commands;
wherein the logic and the flash memory are operable to:
divide the flash memory into zones; wherein the zones are non-overlapping subdivisions
of the flash memory, each zone comprises two or more erase units, the erase
units in at least one zone are on two or more different planes, and each zone is
associated with a zone start logical block address and a range of logical block
addresses;
in response to a write command from the host to write data within the range of logical
block addresses of a specified zone, perform a multi-plane write of said data to
erase units on different planes in the specified zone using a common page
address for the respective erase units on the different planes;
generate metadata based on accessing and maintenance of erase units in the specified
zone; and
based on the metadata, make a notification available to the host that recommends
performing maintenance on the specified zone, wherein the recommendation is

associated with the zone start logical block address of the specified zone.

2. The SSD of claim 1 further comprising:
additional non-volatile memory, wherein the logic is further operable to store the generated

metadata in the additional non-volatile memory.

3. The SSD of claim 1 wherein the logic is further operable to compare the metadata with at least
one threshold, and wherein making the notification available to the host is dependent on the

comparison.
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4, The SSD of claim 1 wherein the logic is further operable to determine, based on the metadata,
that maintenance is recommended for the specified zone and to identify the zone start logical block
address associated with the specified zone for which maintenance is recommended; wherein
determining that maintenance is recommended for the specified zone, identifying the zone start logical
block address associated with the specified zone, and making the notification available to the host are

all unsolicited by the host.

5. The SSD of claim 1 wherein the logic is further operable to receive a command from the host;
and, in response to said command, transmit to the host (a) information representing a list of host
accessible zones including a zone start logical block address for each listed zone, and (b) a host

accessible capacity for each listed zone.

6. The SSD of claim 1 wherein for at least one write command addressed within the range of logical
block addresses of the specified zone, the specified zone contains an integer number of erase units in
the NAND flash memory, and the logic is operable to generate an address offset from the write
command which corresponds to a location within a sequential range of locations that corresponds to

the integer number of erase units.

7. The SSD of claim 1 wherein:
the logic is further operable to receive read commands and write commands from the host, and
to execute the read commands and the write commands by transferring associated data
between the host and the NAND flash memory; and
each read command directed to the SSD is accompanied by a logical read address, each logical
read address has a first address portion which identifies one of the zones according to a
value of the first portion, and a second address portion which identifies a physical

memory location in the SSD in a manner that depends on the first address portion.

8. The SSD of claim 1 wherein the logic is further operable to:
store information identifying a number of zones comprising the NAND flash memory and to
transmit, to the host, information identifying the number of zones and sizes of the
zones; and
receive, from the host, data access commands which are dependent, for the specified zone, on
the information transmitted to the host identifying the number and the sizes of the

zones.
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9. The SSD of claim 8 wherein the logic is further operable to:
in response to a maintenance command from the host directed to the specified zone, issue
erase commands to the erase units in the specified zone, wherein the issued erase
commands are based on the size of the specified zone in accordance with the

information transmitted to the host.

10. The SSD of claim 1 wherein the flash memory comprises multiple dies of flash memory and the

erase units on different planes are also in different dies.

11. The SSD of claim 1 wherein the logic is further operable to, upon the performance of the multi-
plane write, update the metadata to indicate an amount of unerased host accessible space in the

specified zone.

12. The SSD of claim 11 wherein the logic is further operable to: upon the performance of the multi-
plane write, detect that the specified zone contains no erased host accessible space; and, in response to

said detection, transition the specified zone to a full state.

13. The SSD of claim 12 wherein the logic is further operable to receive a command from the host;
and, in response to said command, transmit to the host information representing the full state of the
specified zone and an amount of erased host accessible space in the specified zone that is available for

writing by the host.

14. The SSD of claim 1 wherein the logic is further operable to receive a maintenance command
directed to the specified zone and, in response to the maintenance command, erase host accessible

space only within the specified zone and transition the specified zone to an empty state.

15. The SSD of claim 1 wherein the metadata is dependent on an erase count for the specified zone;
and the logic is further operable to compare the metadata with at least one threshold for erase count,

wherein making the notification available to the host is dependent on the comparison.

16. The SSD of claim 1 wherein the logic is further operable to:
in response to a maintenance command from the host directed to the zone start logical block
address of the specified zone, perform an erase of erase units in the specified zone, and
transition a state of the specified zone to an empty state whereby all host accessible

pages of the specified zone are available for writing by the host.
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17. The SSD of claim 16 wherein the maintenance command from the host is in response to the

notification that recommends performing maintenance on the specified zone.

18. The SSD of claim 16 wherein the metadata is dependent on erase counts for erase units in the
specified zone; and the logic is further operable to update the metadata responsive to performance of

the erase.

19. The SSD of claim 16 wherein performing the erase of erase units in the specified zone comprises

performing the erase on erase units of different planes in the specified zone.

20. The SSD of claim 1 wherein the logic is further operable to, in response to a read command from
the host to read data from sequential addressing of the specified zone, perform a multi-plane read of
said data from erase units on different planes in the specified zone using a common page address for

the respective erase units on the different planes.

21. The SSD of claim 1 wherein the logic is further operable to, in response to a write command
from the host to the zone start logical block address of the specified zone: assign a logical block address
within the range of logical block addresses of the specified zone, transfer data from the host to the
specified zone at the assigned logical block address, and return the assigned logical block address to the

host.

22. The SSD of claim 1 wherein the metadata is dependent on wear of the erase units and the logic
is further operable to, in response to a command from the host, transmit to the host information based

on such metadata.

23. The SSD of claim 1 wherein the logic is further operable to, in response to a command from the

host, transmit to the host information dependent on wear for the specified zone.

24. The SSD of claim 1 wherein the metadata is dependent on a time period since data was written
to the specified zone; and the logic is further operable to compare the metadata with at least one

threshold, wherein making the notification available to the host is dependent on the comparison.

25. The SSD of claim 24 wherein comparing the metadata with at least one threshold and making

the notification available to the host are unsolicited by the host.
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26. The SSD of claim 1 wherein logic is further operable to, in response to a command from the
host, transmit to the host information dependent on a time period since data was written to the

specified zone.

27. The SSD of claim 1 wherein the logic is further operable to detect a failure condition of one of
the erase units of the specified zone and transmit to the host the zone start logical block address and a

state of the specified zone.

28. The SSD of claim 1 wherein the logic is further operable to detect a failure condition of one of
the erase units of the specified zone and, in response to a write command from the host within the

range of logical block addresses of the specified zone, transmit to the host a notification of a write

failure.

29. The SSD of claim 1 wherein the metadata is dependent on read errors detected for the specified
zone.

30. A method for providing a host with access to an SSD that contains non-volatile memory

comprising NAND flash memory, the NAND flash memory comprising a plurality of erase units and each
erase unit comprising a plurality of pages, the method comprising, at the SSD:
dividing the flash memory into zones; wherein the zones are non-overlapping subdivisions of the
flash memory, each zone comprises two or more erase units, the erase units in each
zone are on two or more different planes, and each zone is associated with a zone start
logical block address and a range of logical block addresses;
in response to a write command from the host to write data to the range of logical block
addresses of a specified zone, performing a multi-plane write of said data to erase units
on different planes in the specified zone using a common page address for the
respective erase units on the different planes;
generating metadata based on accessing and maintenance of erase units in the specified zone;
and
based on the metadata, making a notification available to the host that recommends performing
maintenance on the specified zone, wherein the recommendation is associated with the
zone start logical block address of the specified zone;
wherein the SSD and the host communicate over a host interface, using commands from a Non-

Volatile Memory Express (NVMe) standard.
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ABSTRACT

This disclosure provides for improvements in managing multi-drive, multi-die or multi-plane NAND flash
memory. In one embodiment, the host directly assigns physical addresses and performs logical-to-
physical address translation in a manner that reduces or eliminates the need for a memory controller to
handle these functions, and initiates functions such as wear leveling in a manner that avoids
competition with host data accesses. A memory controller optionally educates the host on array
composition, capabilities and addressing restrictions. Host software can therefore interleave write and
read requests across dies in a manner unencumbered by memory controller address translation. For
multi-plane designs, the host writes related data in a manner consistent with multi-plane device
addressing limitations. The host is therefore able to "plan ahead" in a manner supporting host issuance

of true multi-plane read commands.
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Additional Domestic Benefit/National Stage Data may be generated within this form Add
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the 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).

Remove

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

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
X 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on aor after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Attorney Docket Number | 39471-53126/US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Storage System with Multiplane Segments and Cooperative Flash Management

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Storage System with Multiplane Segments and Cooperative Flash Management

Applicant Information:

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

Applicant }

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

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

Radian Memory Systems, Inc.

Mailing Address Information For Applicant:

Address 1 590 Rosecrans D417

Address 2

City [Manhattan Beach State/Province CA
Country ‘ s Postal Code 02066
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Storage System with Multiplane Segments and Cooperative Flash Management

Assignee (1

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

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

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

Signature:

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

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

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

Signature [{Michael W. Farn/ Date (YYYY-MM-DD)| [2022-07-29
First Name Mchael w. Last Name | Fam Registration Number 1,015
Additional Signature may be generated within this form by selecting the Add button.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Storage System with Multiplane Segments and Cooperative Flash Management

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

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

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

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5U.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 records.

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 counsel in the course of settlement negotiations.

3 Arecord 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. Arecord 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
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.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 to the Patent CooperationTreaty.

6.  Arecord 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.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.5.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 systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord 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 viclation of law or regulation.
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17877881 Document Date: 07/29/2022

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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